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Quantification, base composition, and fate of extracellular DNA in marine sediments

Abstract—The discovery of high concentrations of DNA in
marine sediments unaccounted for by living biomass suggests
the presence of a large fraction of extracellular DNA, which
might play an important role in gene transfer via natural trans-
formation as well as in phosphorous biogeochemical cycling.
But a universally accepted procedure for extracellular DNA
extraction is not available yet. In this study, we developed a
new nuclease-based procedure to extract extracellular DNA
from marine sediments. Coastal sand and deep-sea mud sam-
ples were collected to test the efficiency of extracellular DNA
removal from different sediment types. Extracellular DNA
concentrations were quantified at six sediment depths, and
changes in base composition were investigated to gather in-
formation on extracellular DNA fate. The extraction procedure
was highly specific and only extracellular DNA was hydro-
lyzed after nuclease treatment. Hydrolyzable DNA accounted
for ,10 to .70% of the total DNA pool, suggesting that ex-
tracellular DNA can only be partially degraded. Base com-
position changed vertically with depth in the sediment as de-
oxycytidine content increased and deoxyadenosine decreased
with increasing depth. Integrating our results for the top 15
cm of the sediment, we calculate that more than 50% of ex-
tracellular DNA was recalcitrant to enzymatic degradation.
This finding might explain why DNA accumulates in surface

sediments and suggests that DNA might play a nonnegligible
role in P biogeochemical cycle.

Extracellular DNA is a ubiquitous component of both dis-
solved and particulate organic matter pools of freshwater,
seawater, and benthic environments (Lorenz and Wackerna-
gel 1994). Recent studies have shown that among aquatic
systems, marine sediments from shallow depths down to the
abyssal floor are characterized by high concentrations of ex-
tracellular DNA (Novitsky and Karl 1985; Danovaro et al.
1999; Dell’Anno et. al. 1998). The pool size of extracellular
DNA in marine sediments is the result of complex interac-
tions, including DNA inputs from the photic layer through
particle sedimentation, autochthonous DNA production, and
degradation or utilization or both by heterotrophic organisms
(Dell’Anno et al. 1999). Extracellular DNA diagenesis in
marine sediments is also influenced by DNA binding to com-
plex refractory organic molecules, to inorganic particles, or
to both, which might strongly reduce its enzymatic degra-
dation (Nielsen et al. 1998). In this regard, Romanowski et
al. (1991) showed that DNA adsorbed on sand and clay par-
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ticles becomes 100- to 1,000-fold more resistant to DNase.
Furthermore, when isolated from sediments, DNA is fre-
quently complexed with humic substances, which stabilize
DNA against nuclease degradation (Miller et al. 1999; Ju-
niper et al. 2001). Consequently, the half-life of extracellular
DNA in sediments appears to be much longer than in the
water column (Lorenz and Wackernagel 1994).

Previous studies demonstrated that extracellular DNA is
an important source of nitrogen and phosphorous for bac-
terioplankton metabolism (Turk et al. 1992; Kroer et al.
1994; Jørgensen and Jacobsen 1996) and a source of exog-
enous nucleotides, which are recycled by bacteria for the
synthesis of new DNA (Paul et al. 1988, 1989). Moreover,
extracellular DNA might participate in gene transfer via nat-
ural transformation of competent bacterial cells (Davison
1999). However, studies dealing with the horizontal transfer
of recombinant DNA sequences or the biogeochemical path-
ways of extracellular DNA cycling have been almost com-
pletely restricted to the plankton domain (see reviews in Lo-
renz and Wackernagel 1994; Trevors 1996).

In this study, we developed a new nuclease-based proce-
dure to extract extracellular DNA. This procedure mimics
natural extracellular DNA hydrolysis by the addition of nu-
cleases (Paul et al. 1988, 1989) and allows estimation of
potential degradation, exploitation, or both by heterotrophic
bacteria. In order to provide new insights into DNA diagen-
esis and fate in marine sediments, we also investigated
changes in DNA base composition among sediment hori-
zons. The aim of this study is to provide information on the
potential role of sedimentary extracellular DNA in benthic
trophodynamics and P biogeochemical cycling.

Materials and methods—Study area and sampling: In or-
der to test the efficiency of the enzyme-based protocol for
extracellular DNA removal from different sediment types,
coastal sands and deep-sea muds were collected for this
study. Sandy sediments (modal grain size ranging from 125
to 250 mm) were collected by hand coring (using Plexiglas
tubes, 4.7 cm i.d.) in June 1998 at Falconara Beach (0.5 m
deep; 43.68N, 13.58E, northern Adriatic, Mediterranean Sea).
After collection, aliquots of the top 1 cm of sediment were
immediately analyzed, while others were stored at 2208C
and analyzed after 4 weeks. Deep-sea sediment samples
were collected using a multicorer (Maxicorer, 9.0 cm i.d.,
depth penetration .20 cm) in September 1996, March 1998,
and October 1998 in the Porcupine Abyssal Plain (PAP,
4,800 m deep; northeastern Atlantic Ocean, 48.508N,
16.298W). This area, characterized by strong seasonal and
interannual variability in organic matter inputs (Dell’Anno
et al. 1999), is assumed to represent the typical conditions
of the deep-sea Atlantic Ocean. During each cruise, 4 to 10
cores were taken from four to seven different deployments.
Upon recovery, all sediment cores were vertically sectioned
into six layers (0–5, 10–20, 30–40, 50–60, 60–100, and
100–150 mm) and frozen at 2208C until analysis.

All solutions utilized in this study were prepared with
MilliQ water and then autoclaved.

Extraction of extracellular DNA: The method presented
here is based on time course experiments in which sediments

were incubated with pools of commercial nucleases specif-
ically selected for complete DNA hydrolysis. Enzyme char-
acteristics and concentrations were chosen according to
Amersham Pharmacia Biotech recommendations (http://
www.amersham.co.uk/). We calculated (measuring absor-
bance change at 260 nm) that, at room temperature, enzyme
concentrations utilized in these experiments were able to hy-
drolyze 20 mg ml21 of double-stranded calf thymus DNA in
solution in about 40 min.

Sediment samples of both sediment types were stirred at
150 rpm in 0.1 M Tris-HCl, 0.1 M NaCl, 1 mM CaCl2, and
MgCl2 pH 7.5 (buffer : sediment ratio 2.5, v/wt). Sediment
slurries were divided into aliquots of 1,945 ml, and replicate
samples (n 5 3) were added to 25 ml DNase I from bovine
pancreas (1.9 U ml21), 10 ml nuclease P1 from Pennicilium
citrinum (4.0 U ml21), 10 ml nuclease S1 from Aspergillus
orizae (2.3 U ml21), and 10 ml esonuclease-3 from Esche-
richia coli (1.9 U ml21); another set of replicates was added
to an equal volume of buffer, but without enzymes. Addi-
tional samples of sandy sediment, before the enzyme addi-
tions, were added to 20 mg of calf thymus DNA (final con-
centration of 10 mg ml21). Samples were incubated at room
temperature for 0, 1, 2, 4, 6, and 24 h under gentle agitation.
After incubation, all samples were chilled on ice and cen-
trifuged at 2,000 3 g for 5 min, and the supernatant, filtered
through 0.2-mm Nuclepore filters (to remove suspended par-
ticles), was used to determine the amount of DNA released
from the sediments as described below.

In order to assess the efficiency of extracellular DNA ex-
traction by nuclease treatment, we compared this enzymatic
procedure with the alkaline extraction protocol described by
Ogram et al. (1987) in both sediment types. Ogram’s pro-
cedure represents, to our knowledge, the only method avail-
able for extracellular DNA extraction from sediments. Sed-
iment samples were mixed with 120 mM Na-phosphate
buffer, pH 8.0, centrifuged at 2,000 3 g for 5 min, and the
supernatant was filtered through 0.2-mm Nuclepore filters.
This procedure was repeated four times and the supernatant
of each step was pooled and processed as described below.

We analyzed sediments immediately after sampling (fresh
sandy sediments) and after 4 weeks at 2208C to evaluate
differences potentially induced by storing.

Finally, in order to test the specificity of nuclease treat-
ment in extracellular DNA removal, sediment samples treat-
ed with enzymes were mixed before stirring with Escherich-
ia coli and Tetraselmis sp. cultures (collected during the
exponential phase of growth) and compared with samples
without bacterial or algal cultures. In both cases, we esti-
mated that approximately 10 mg of bacterial or algal DNA
were added. All samples were incubated for 2 h and sub-
sequently analyzed as reported below.

Quantification and base composition of extracellular
DNA: Supernatants obtained both from nuclease time course
experiments and from the alkaline extraction procedure were
dried under vacuum and analyzed fluorometrically using dia-
minobenzoic acid (DABA, Karl and Bailiff 1989). The fluo-
rescence of hydrolyzed DNA was converted into concentra-
tions using calibration curves obtained from standard
solutions of calf thymus DNA (from 0.05 to 5.0 mg DNA
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Fig. 1. (A) HPLC chromatograms of standards of deoxynucleo-
sides and of DNA enzymatically hydrolyzed from sandy sediments.
Reported are: 29-deoxycytidine (dC), 29-deoxyguanosine (dG), 29-
deoxythymidine (dT), and 29-deoxyadenosine (dA). (B) Relation-
ships between HDNA concentrations obtained from DABA assay
and deoxynucleoside concentrations obtained from HPLC analyses
(n 5 12) in deep-sea sediments.

ml21). The amount of hydrolyzed DNA (HDNA) was ob-
tained by difference between DNA concentrations (deter-
mined from the supernatant of enzyme-treated samples) and
the supernatant of the control sample. This control super-
natant contained ,5% of the DNA released by nucleases in
both sediment types. HDNA concentrations were normalized
to sediment dry weight.

A subaliquot of the supernatant was also analyzed by re-
versed-phase high-performance liquid chromatography
(HPLC) in order to identify and quantify the products of
DNA hydrolysis (Tamaoka and Komagata 1984). In an ad-
ditional experiment, we verified that standards of both com-
mercial calf thymus DNA and deoxynucleotide monophos-
phates (Sigma Chemical Company) added to sediment
samples were completely transformed into nucleosides after
2 h of incubation with the selected enzymes.

The HPLC system consisted of a Beckman 126-model
pump, a Rheodyne model 7125 injector, a Beckman 166
model ultraviolet–visible (UV-Vis) detector, and a reversed-
phase chromatographic C18 column (25 cm 3 4.6 mm i.d.,
5 mm particle size) equipped with a precolumn. The mobile
phase consisted of 10 mM Na-phosphate, pH 7.0, pumped
at a flow rate of 1 ml min21. Hydrolyzed DNA products were
detected at 254 nm and identified by comparing their reten-
tion time with those of standard solutions of commercial
deoxynucleosides spiked to sediment slurries (Sigma Chem-
ical Company). The identified deoxynucleosides in the sam-
ples were then converted into concentrations from calibra-
tion curves obtained from the relationships between peak
area of standards and their relative concentrations (Fig. 1A).

All chromatograms were integrated using Varian Star 5.5
software. When the peak shape of the sample didn’t fit per-
fectly with the shape of the equivalent standard peak, a man-
ual integration was performed. Retention times of standard
nucleosides were 3.95, 5.0, 5.75, and 7.1 min for 29-deoxy-
cytidine (dC), 29-deoxyguanosine (dG), 29-deoxythymidine
(dT), and 29-deoxyadenosine (dA), respectively.

Total HDNA concentrations estimated using the fluoro-
metric (DABA) assay displayed a significant relationship
with total deoxynucleoside concentrations evaluated by
HPLC analyses (Fig. 1B).

Extraction and quantification of total DNA concentrations:
Data on total DNA concentrations in deep-sea sediments of
the Porcupine Abyssal Plain have been summarized in
Dell’Anno et al. (1999). Total DNA concentrations were de-
termined in the same sediment cores used in this study by
the procedure described by Dell’Anno et al. (1998). Briefly,
1 g of wet sediment (three replicates) was treated with 3.0
ml of 0.5 N perchloric acid, stirred for 3 min and sonicated
three times for 1 min (at intervals of 30 s). DNA was hy-
drolyzed at 758C for 30 min under continuous stirring and
analyzed spectrophotometrically using diphenylamine. DNA
concentrations were calculated using calibration curves ob-
tained from standard solutions of calf thymus DNA. Data
were normalized to sediment dry weight after desiccation
(608C, constant weight).

Data analysis: Differences between treatments were tested
by the t-test after testing for homogeneity of variance. Anal-

yses of variance (ANOVAs) followed by post hoc Tukey
tests were carried out to test for spatial differences in HDNA
concentrations in deep-sea sediment samples.

Results—Concentrations and base composition of hydro-
lyzed DNA in marine sediments: Time courses of DNA di-
gestion of sandy and muddy sediment samples incubated with
and without enzymes are illustrated in Fig. 2A,B. Supernatant
fluorescence from treated samples rapidly increased in the first
2 h of incubation, whereas no significant changes were ob-
served for control samples. Because no further increase of
fluorescence was observed in enzymatically treated samples
with increasing incubation time (i.e., up to 24 h), the optimal
incubation time for DNA hydrolysis was standardized at 2 h.
Also, calf thymus DNA standard added to sediments was
completely hydrolyzed by nucleases in 2 h.

Independent of the sediment type, enzymatic treatments
yielded significantly higher DNA concentrations compared
to those obtained using the extraction procedure described
by Ogram et al. (1987; Fig. 3A; t-test, P , 0.01 for both
sediment types). Sample storage had no consequences on
measured HDNA concentrations (16.9 6 2.7 and 14.6 6 3.1
mg g21 for fresh and frozen samples, respectively; t-test, P
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Fig. 2. Time course analysis of DNA release in treated and con-
trol (i.e., nonenzymatically treated) samples of (A) sandy and (B)
muddy sediment samples. Data expressed as relative fluorescence
units are referred to time course experiments carried out on the top
1 and 0.5 cm of sandy and muddy sediments, respectively. Standard
deviations are reported (n 5 3).

Fig. 3. (A) Comparison of DNA concentrations obtained by al-
kaline extraction (Ogram et al. 1987) and after enzymatic treatment
in sandy (top 1 cm) and muddy (0.5 cm) sediments. Standard de-
viations are reported (n 5 3). (B) Comparison between hydrolyzed
DNA concentrations in sandy sediment samples with and without
the addition of cell cultures. Standard deviations are reported (n 5 3).

Fig. 4. HPLC chromatograms of nuclease-treated deep-sea sed-
iment samples with and without the addition of intact E. coli cells.
Reported are: 29-deoxycytidine (dC), 29-deoxyguanosine (dG), 29-
deoxythymidine (dT), and 29-deoxyadenosine (dA).

5 0.138). Nuclease treatment of natural sediments with and
without added bacterial and algal cells showed no significant
differences in HDNA concentrations (t-test, P 5 0.292 and
0.308, respectively; Fig. 3B). In addition, HPLC analyses
showed that enzymatic treatment did not result in the release
of deoxynucleosides from intact microbial cells (Fig. 4).

HDNA concentrations in the top 5 mm of deep-sea sedi-
ments were highest in September 1996 (22.5 6 1.9 mg g21)
and lowest in March 1998 (7.8 6 0.9 mg g21; Table 1).
HDNA concentrations decreased significantly with depth in
the sediment (ANOVA, P , 0.01), with highest values in
the top 0–5 mm of sediment (16.5 6 3.6 mg g21) and 40
times lower values in the deepest sediment horizon (i.e.,
100–150-mm section, 0.4 6 0.1 mg g21).

Base composition of hydrolyzed DNA in deep-sea sedi-
ments was characterized by the dominance of deoxycytidine
(dC) and deoxyguanosine (dG) (on average, 35 6 3% and
33 6 2%, respectively, of the total hydrolyzable DNA pools)
followed by deoxythymidine (dT, 22 6 2%) and deoxyaden-
osine (dA, 10 6 2%; Table 2). Analysis of the vertical pro-
files of DNA base composition highlighted clear differences
between surface and deeper sediment horizons and a shift in
base composition with depth in the sediment. Deoxycytidine
increased with depth in the sediment core, whereas deoxy-
adenosine decreased (Table 2).

Discussion—Extracellular DNA in marine sediments: In
the last decade, microbial ecologists, systematicists, and



903Notes

Table 1. Vertical distribution of enzymatically hydrolyzed DNA
concentrations (HDNA) and contribution (reported in parenthesis)
of the enzymatically hydrolyzed DNA to the total DNA pools (ex-
pressed as percentage) in deep-sea sediments collected on three
dates from the Porcupine Abyssal Plain. Standard deviations (6)
are reported (n 5 6).

Depth
(mm)

HDNA (mg g21)

September 1996 March 1998 October 1998

0–5
10–20
30–40
50–60
60–100
100–150

22.561.9(7265)
2.960.5(2767)
0.460.3(664)
2.160.6(1965)
0.360.1(962)
0.260.1(661)

7.860.9(63610)
2.360.1(2562)
1.160.9(16613)
1.360.5(2167)
1.560.4(2767)
0.560.7(1066)

19.261.3(8269)
5.861.9(57614)
3.560.6(4062)
1.760.2(2962)
1.460.3(3164)
0.460.2(1264)

Table 2. Vertical profiles of base composition (expressed as molar
percentage of the total deoxynucleosides) from DNA enzymatically
hydrolyzed in deep-sea sediments collected in September 1996 and
March 1998 from the Porcupine Abyssal Plain. Reported are 29-
deoxycytidine (dC); 29-deoxyguanosine (dG); 29-deoxythymidine
(dT), and 29-deoxyadenosine (dA). Standard deviations (6) are re-
ported (n 5 6).

Depth
(mm)

September 1996

dC dG dT DA

March 1998

dC dG DT dA

0–5
10–20
30–40
50–60
60–100
100–150

3461
2762
4763
4362
4563
3765

3262
3766
1861
3063
3062
3761

1561
2963
2261
1861
1861
2363

1961
761

1361
961
764
362

1561
35610
2962
3261
3168
4861

4462
3067
3068
2463
4963
35611

2561
2162
2364
4165
1464
1568

1661
1468
1865
362
661
261

population geneticists have become increasingly interested
in methods for DNA isolation from sediments because such
procedures promise to make the genomes of uncultured in-
digenous microorganisms available for molecular analysis
(Head et al. 1998). The most utilized technique for DNA
extraction from sediments is based on direct in situ lysis of
the cells by means of physical (e.g., bead mill homogeni-
zation, ultrasonication, and freeze-thawing) and chemical
procedures (e.g. using detergents such as SDS or Sarkosyl)
or a combination of both (see references in Miller et al.
1999; Hurt et al. 2001). However, although in situ lysis has
the potential to circumvent problems of biased representation
of the microbial community, extracellular DNA is coextract-
ed with nucleic acids from lysed cells, thus increasing the
pool of templates and leading to an overestimation of the
living biomass (Frostegard et al. 1999).

Isolation of extracellular DNA from sediments is a diffi-
cult task because treatments and procedures for the extrac-
tion of nucleic acids adsorbed to organic and inorganic par-
ticles may disrupt cells (Lorenz and Wackernagel 1994;
Frostegard et al. 1999). Ogram et al. (1987) isolated extra-
cellular DNA from freshwater sediments by washing sam-
ples four times with an alkaline Na-phosphate buffer. This
procedure has been used repeatedly to avoid extracellular
DNA contamination prior to direct in situ lysis (Atlas 1993;
Purdy et al. 1996), but the use of this protocol for isolation
of extracellular DNA has never been tested for extraction
efficiency and intracellular DNA contamination.

In the present study, we used a new method for extracel-
lular DNA extraction based on nuclease digestion of the sed-
iment. In the past, an approach based on nuclease digestion
has been applied only for testing the ability of purified DNA
added on a pure sand or clay sedimentary matrix to degrade
(Lorenz and Wackernagel 1987; Romanowski et al. 1991;
Garko and Stewart 1994). This procedure is highly specific
for extracellular DNA and is not affected by the presence of
intracellular DNA because the addition of both eukaryotic and
prokaryotic cells did not increase HDNA concentrations.
Moreover, the possibility of contamination with intracellular
DNA due to cell lysis during extraction can be rejected be-
cause the analysis of fresh and frozen sediment samples re-
vealed identical HDNA concentrations. Another potential
source of contamination could be nuclease-mediated degra-

dation of viral DNA. However, Wommack and Colwell (2000)
recently reported that commercial nucleases have no virucidal
properties (i.e., do not cause virus lysis). Moreover, Danovaro
et al. (2001) demonstrated that virus counts from marine sed-
iments were increased by the use of nuclease treatment.
Therefore, the likelihood of viral DNA contamination is low.

The nuclease method for extracellular DNA extraction
yielded significantly higher extracellular DNA concentra-
tions than the procedure of Ogram (1987) in both muddy
and sandy sediments. Therefore, the nuclease treatment can
be considered the most effective available method for extra-
cellular DNA extraction from marine sediments; at the same
time, this procedure could be used to minimize extracellular
DNA contamination.

Ecological significance and fate of extracellular DNA in
sediments: HDNA concentrations reported in this study are
high, confirming previous findings of the presence of large
amounts of DNA in surface marine sediments. Dell’Anno et
al. (1998) and Danovaro et al. (1999) reported that a signif-
icant fraction of sedimentary DNA is extracellular (i.e.,
.80% not associated with living biomass). Because the non-
bound (soluble) fraction of DNA accounted only for ,5%
of the total HDNA concentration, it can be concluded that
.95% of extracellular DNA concentration was bound to the
sediment matrix.

The occurrence of extracellular DNA in marine sediments
is the result of in situ DNA production by cell death and
lysis and external DNA inputs from the photic layer (Bailiff
and Karl 1991; Danovaro et al. 1999; Dell’Anno et al. 1999).
Once DNA enters the sediments, it is adsorbed onto inor-
ganic constituents of sediments, such as quartz and clay min-
erals, and organic macromolecules, which might alter its bio-
availability and diagenesis (Lorenz and Wackernagel 1994;
Nielsen et al. 1998).

The observed accumulation of high extracellular DNA
concentrations in marine sediments might have important
ecological implications. Some authors have stressed the po-
tential relevance of extracellular DNA as a source of organic
N, P, and nucleotides for bacterial growth and turnover
(Dell’Anno et al. 1998; Danovaro et al. 1999), whereas oth-
ers hypothesized that extracellular DNA might also represent
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a source of genetic material, participating in gene transfer
via natural transformation (Stewart and Sinigalliano 1990).
Finally, nucleic acids, being P-rich molecules and accounting
for a nonnegligible fraction of the organic phosphorous pool
in the sediment (Ingall et al. 1990), might play a role in
biogeochemical processes involving P regeneration (Kolow-
ith et al. 2001). In this regard, we found that phosphorous
associated with HDNA (on average 1.3 6 0.3 mg g21) ac-
counted for ;5% of the total organic phosphorous pool in
PAP sediments (on average 32.6 6 5.2 mg g21).

The contribution of HDNA concentrations to the total
DNA pool strongly decreased with depth in the sediment
(from ;70% in the top 5 mm to ;10% in the 100–150-mm
sediment horizon). This result suggests that DNA in marine
sediments is only partially degradable by microbial nucle-
ases (on average, in the top 15 cm of the sediment, .50%
of extracellular DNA was refractory; Table 1). This finding
might explain why DNA accumulates in surface sediments
and suggests that DNA might influence rates of P recycling
in marine ecosystems.

Moreover, extracellular DNA binding onto the sediment
matrix protects DNA from nuclease degradation but does not
prevent transformation (Khanna and Stotzky 1992; Dema-
neche et al. 2001). Therefore, bound but nondigestible ex-
tracellular DNA might represent a reservoir of genetic in-
formation (Demaneche et al. 2001).

Data presented here provide the first information on the
fate and base composition of extracellular DNA in marine
sediments. We found that deoxycytidine and deoxyguanosine
dominated and that all bases displayed evidence of temporal
changes and spatial trends. In the top 5 mm of the sediment
collected in September 1996, both dG : dC and dA : dT molar
ratios were close to 1 (1.1 and 1.3, respectively) as expected
for double helix DNA (i.e., native DNA). Conversely, in
March 1998, both dG : dC and dA : dT ratios increased (to 3
and 1.6, respectively), suggesting the presence of a more
heterogeneous DNA pool (i.e., native and single helix DNA).
Such differences could be related to the temporal changes
of DNA fluxes observed in this area by Dell’Anno et al.
(1999): molar ratios of dG : dC and dA : dT close to 1 were
coupled to large inputs of primary organic matter from the
photic layer (Fabiano et al. 2001). Because standards of
deoxynucleosides added to sediments were not selectively
adsorbed, changes in base composition are likely to be de-
pendent on selective degradation or utilization of extracel-
lular DNA or both.

HDNA concentrations decreased significantly with depth in
the sediment core and displayed a clear change in base com-
position. In particular, deoxycytidine content increased with
increasing depth in the sediment, whereas deoxyadenosine de-
creased. Such a pattern could reflect changes in G1C content
of the ambient microbial community (which is one of the
sources of extracellular DNA, Jimenez 1990) but could be
also the result of a selective degradation of extracellular DNA
bases. In this regard, it has been demonstrated that bacterial
degradation of adenosine monophosphate in marine sediments
is much faster than cytidine monophosphate (Therkildsen at
al. 1996). Moreover, recent studies reported that extracellular
nuclease produced by the fungus Basidiobolus haptosporus
hydrolyzed DNA with preferential liberation of 59-deoxy-

guanylate monophosphate, whereas DNA containing cytosine
linkages were refractory to nuclease cleavage (Desai and
Shankar 2000). In light of these findings, our results suggest
that extracellular DNA in marine sediments might be selec-
tively degraded, utilized, or both.
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