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Abstract Strategies for life adaptation to extreme envi-
ronments often lead to novel solutions. As an example of
this assertion, here we describe the first species of the well-
known genus of green unicellular alga Dunaliella able to
thrive in a subaerial habitat. All previously reported
members of this microalga are found in extremely saline
aquatic environments. Strikingly, the new species was
found on the walls of a cave located in the Atacama Desert
(Chile). Moreover, on further inspection we noticed that it
grows upon spiderwebs attached to the walls of the
entrance-twilight transition zone of the cave. This peculiar
growth habitat suggests that this Dunaliella species uses air
moisture condensing on the spiderweb silk threads as a

Communicated by A. Oren.

Electronic supplementary material The online version of this
article (doi:10.1007/s00792-010-0322-7) contains supplementary
material, which is available to authorized users.

A. Azia-Bustos (<)) - L. Salas - R. Vicuiia

Departamento de Genética Molecular y Microbiologia, Facultad
de Ciencias Bioldgicas, Pontificia Universidad Catdlica de Chile,
Santiago, Chile

e-mail: ajazua@uc.cl

C. Gonzalez-Silva
Centro de investigacion del Medio Ambiente (CENIMA),
Universidad Arturo Prat, Iquique, Chile

A. Azta-Bustos - R. Vicufia
Millennium Institute of Fundamental and Applied Biology
(MIFAB), Santiago, Chile

R. E. Palma

Departamento de Ecologia y Centro de Estudios Avanzados
en Ecologia y Biodiversidad, CASEB, Facultad de Ciencias
Bioldgicas, Pontificia Universidad Catélica de Chile,
Santiago, Chile

source of water for doing photosynthesis in the driest desert
of the world. This process of adaptation recapitulates the
transition that allowed land colonization by primitive
plants and shows an unexpected way of expansion of the
life habitability range by a microbial species.
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Abbreviations

TEM Transmission electron microscopy

SEM Scanning electron microscopy

CLSM Confocal laser scanning microscopy

a.s.l. Above sea level

Introduction

The genus Dunaliella (Chlorophyta, Chlorophyceae,

Chlamydomonadales, Dunaliellaceae) comprises a group
of aquatic unicellular green algae proposed to account for
most of the primary production in hyper saline watery
environments around the world (Oren 2005). Besides hyper
saline lagoons and lakes, some species are also found in
marine environments (Berden-Zrimec et al. 2008; Colomb
et al. 2008), whereas others may also be found in the water-
saturated shores of saline ponds (Borowitzka and Silva
2007). Since 1905, about 28 species of this genus have
been described (Borowitzka and Silva 2007; Gonzalez
et al. 2009), being the hyper salinity tolerant Dunaliella
salina Teodor, the first and best known described species
(Teodoresco 1905). Dunaliella cells are ovoid to pyriform
in shape, lack a rigid cell wall and are enclosed by a thin
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plasma membrane that causes the cells to round up as the
external salinity drops down (Oren 2005). Their size varies
from 5 to 25 pm in length and from 3 to 13 pum in width.
The cells contain a single cup-shaped chloroplast with a
central pyrenoid usually surrounded by an amylosphere of
starch grains (Ben-Amotz 1980; Borowitzka and Silva
2007). Dunaliella cells have the organelles typical of green
algae, i.e., membrane-bound nucleus, mitochondria, Golgi
apparatus, vacuoles and an eyespot (Ben-Amotz and Avron
1989). During their life cycle, some Dunaliella species
may also develop a vegetative “palmella” or “palmelloid”
stage formed by a colony-like group of round non-motile
cells found in benthic algal mats coating rocks and other
solid submerged substrates (Brock 1975; Borowitzka and
Silva 2007). They reproduce either by longitudinal division
of biflagellate motile cells or by fusion of two motile cells
to form a zygote (Oren 2005). Being an obligate photo-
autotroph, in addition to chlorophylls a and b, Dunaliella
cells contain several carotenoid pigments such as o and f§
carotene, neoxanthin, lutein, violaxanthin and zeaxanthin,
which contribute to prevent chlorophyll photo-damage
(Hosseini Tafreshi and Shariati 2009). Under specific
conditions (high light intensity exposure, nutrient limita-
tion, etc.), some Dunaliella species synthesize f3-carotene,
which accumulates as granules between the thylakoids in
the cell’s chloroplast, thus providing them with a bright red
color (Aasen et al. 1969). Dunaliella is halotolerant,
constituting a model organism for salt adaptation. It can
withstand NaCl concentrations ranging from about 0.05 M
up to saturation (5.5 M) (Liska et al. 2004). One of the
mechanisms for salt adaptation is the accumulation of
photosynthetically produced glycerol, which acts as an
osmotic compatible solute (Chen and Jiang 2009). In cells
grown in 4 M NaCl, glycerol accumulation can reach as
high as 7.8 M, equivalent to a solution of 718 g/l glycerol
in water (Borowitzka and Brown 1974; Brown 1990).
Under salt stress, Dunaliella cells also produce high
amounts of extracellular polymeric substances (EPS) that
can reach up to 944 mg/l when grown in 5 M NaCl (Mishra
and Jha 2009). In addition to the reported halotolerance of
most Dunaliella species, Dunaliella acidophila is able to
grow in highly acidic environments (pH 0-1), some strains
of Dunaliella salina tolerate high light intensities and a
Dunaliella species found in Antarctica can endure subzero
temperatures (Hosseini Tafreshi and Shariati 2009). Fur-
thermore, Dunaliella is more tolerant to fuel oil contami-
nation compared with other 66 planktonic algae (Brown
and Borowitzka 1979). Thus, Dunaliella species are unique
in their abilities to adapt to extreme environments.

The above characteristics constitute the basis for several
biotechnological applications, such as the industrial pro-
duction of f-carotene, glycerol, lipids, vitamins, minerals
and proteins. This alga also has an interesting potential for
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foreign protein expression, the production of bioindicators
and biofuels, wastewater treatment, etc. (Borowitzka et al.
1984; Hosseini Tafreshi and Shariati 2009; Gouveia and
Oliveira 2009).

In this work, we report a novel species of Dunaliella that
evolved to thrive outside an aquatic environment. This
microalga was found growing onto spiderwebs inside a
cave in the Atacama Desert, the driest and oldest desert of
the world (Houston and Hartley 2003; Hartley et al. 2005)
and a well known Mars analog model in astrobiology. The
identification as a novel species was confirmed by means of
both molecular and morphological methods.

Materials and methods

Relative humidity (RH) at the cave interior was measured
with miniature sized loggers (16 mm diameter x 6 mm
height) (Maxim Integrated Products, Inc) placed behind a
colonized spiderweb, taking continuous readings every
10 min for 30 days (November 2008). For Photosynthetic
Photon Flux Density (PPFD) measurements, the sensor
(Apogee Quantum Meter QMSW-SS calibrated for sun-
light) was placed parallel to the colonized spiderwebs and
then pointed to the entrance.

Microscopy; TEM, SEM and CLSM were as previously
detailed (Azua-Bustos et al. 2009).

Red ruthenium staining

Cells were fixed with 3% glutaraldehyde in sodium caco-
dylate buffer 0.132 M pH 7.2 containing 1 mg/ml of red
ruthenium for 4 h. After a 2-h wash with sodium caco-
dylate buffer 0.132 M pH 7.2, the samples were treated
with 1% aqueous osmium tetroxide during 90 min. The
samples were then briefly washed with distilled water and
dehydrated with a graded ethanol series (50-100%), 1:1
ethanol/acetone and acetone 100% 5 min for each con-
centration used. Samples were preembedded overnight
with epon—acetone 1:1 and then embedded in pure epon.
The polymerization process was done at 60°C for 24 h.
Sixty-nano-thin sections were obtained with a Sorvall
MT-5000 ultramicrotome and stained with 4% uranyl
acetate in methanol for 2 min and lead citrate for 5 min.
Observations were made with a Philips Tecnai 12 BioTwin
transmission electron microscope operated at 80 kV.

Phylogenetic characterization

Total genomic DNA was extracted from 100 mg of alga-
covered spiderwebs using a Soil DNA Isolation Kit (MoBio
Laboratories). The 18S rRNA nuclear gene was amplified
using previously published Dunaliella specific primers
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(Olmos et al. 2000). The 16S rRNA chloroplast gene was
amplified using the primers Dunl6SFw42: 5-CGATC
AGTAGCTGGTTTGAGAG-3; Dunl6SRv688: 5'-TTCT
TTGCGTTGCATCAAATT-3’; Dunl6SRv784: 5'-CAGC
CATGCACCACCTGTGTT-3'; Dunl6SFw595: 5'-ACG
CGTTAAGTTTCCCGCCTG-3'; Dun16SRv1070: 5'-GCG
ATTACTATAGATTCCGGCT-3' and Dunl6SRvI1102:
5'-CAGGAACGTATTCACCGC-3'. The psaB chloroplast
gene, coding for the photosystem I P700 chlorophyll
a apoprotein A2, was amplified using the primers Dun-
psaBFw22: 5-ATTTGGGATCCACATTTTGGT-3’; Dun-
apsaBRv753: 5-TACTGAAGCTAAAGCTAAA-3;
DunpsaBfw548: 5-TTTATGGTTAACAGATATGGC-3'
and DunpsaBRv1269: 5'TCCAATAGTTAAGAATA
AAGAZ3'. The rbcL plastid gene coding for ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit was
amplified using rbcL specific primers rbel-Dun-Fwl 5'-GC
TTTCCGTATGACACCTCAA-3' and rbcl-Dun-Rv2 5'-A
GTTTTAGCTAAAACACGGAA-3'. These primers were
designed based of sequence comparisons of known rbcL,
16S rRNA and psaB Dunaliella genes. Amplification con-
ditions were as previously reported (Azua-Bustos et al.
2009). Automated sequencing was done by Macrogen DNA
Sequencing Inc. (Seoul, Korea).

The nucleotide sequences of the Dunaliella atacamensis
18S rRNA, 16S rRNA, psaB and rbcL genes were analysed
using the Megablast option for highly similar sequences of
the BLASTN algorithm against the NCBI non-redundant
database. A multiple alignment was then performed using
CLUSTALW. Accession numbers for the 18S rRNA, 16S
rRNA, psaB and rbcL genes of Dunaliella atacamensis are
FJ917192, HM126014, HM 126015 and FJ985682, respec-
tively. For the 18S rRNA gene, phylogenetic reconstructions
were performed through neighbour joining and maximum
parsimony using PAUP* 4.0b10 (Swofford 2002). For par-
simony, all characters were analysed as unordered with four
possible states (A, C, G and 7T), excluding phylogenetically
uninformative characters. The equally parsimonious trees
were found using heuristic search, with the branch swapping
option and the TBR swapping algorithm available in
PAUP*. The neighbour joining tree was obtained through
the distance matrix considering absolute values. Nodes
support was accomplished through non-parametric boot-
strap with 1000 replicates for both parsimony and distance.
Trees were rooted with the outgroup criterion using the
published sequence of the Asteromonas gracilis strain
CCMP 813 18S rRNA gene.

Both, for the 16S rRNA and the rbcL genes, phyloge-
netic reconstructions were performed through neighbour
joining using PAUP*. The neighbour joining tree was
obtained through the distance matrix considering absolute
values, and node support was accomplished through non-
parametric bootstrap with 5000 replicates. The tree was

rooted with the outgroup criterion using the published
sequence of the Chlamydomonas reinhardtii 16S rRNA
gene. All 16S rRNA Dunaliella genes sequences available
in Genbank which aligned with our sequence were used.
For the psaB gene, the phylogeny was performed through
maximum likelihood (ML) using PAUP*. We selected the
best-fitting model of nucleotide substitution using the
corrected Akaike Information Criterion (AIC; Akaike
1974). We evaluated support for the nodes with 1000
bootstrap replicates (Felsenstein 1985). The AIC criterion
identified the GTR + I + G as the most likely model of
base pair substitution, and the invariant (I) sites were
0.5319, the gamma shape parameter was = 1.6872 and
base frequencies were A = 0.2429, C = 0.1783, G =
0.2019 and T = 0.3769. We rooted the tree with the out-
group criterion, using the published sequence of the
Chloromonas radiata strain UTEX 966 psaB gene.

Pigment identification

Pigment extraction; A 2 ml aqueous suspension of cells
was centrifuged at 14000 rpm for 2 min. 200 pl of 90%
acetone was added to the pellet and vortexed at maximum
speed for 10 min. After a 1-min centrifugation at
14000 rpm the pellet was discarded and the supernatant
was measured using a Shimadzu UV-160 spectrophotom-
eter after previous dilution of 1:5 in acetone.

Results and discussion
Habitat description

The species of Dunaliella herein described was found
inside a cave located 107 km off the city of Iquique, Chile,
in the Coastal Range hills of the Atacama Desert. This is a
very arid region, averaging 0.8 mm of annual rainfall over
the past 30 years at the coastline (12 m a.s.l.). The mean
annual temperature in this area is 18°C, the average annual
maximum is 22°C, the average annual minimum is 16°C
and the average RH is 68%. Temperatures at higher ele-
vations (515 m a.s.l.) are cooler by almost 4°C, while the
humidity exceeds 75% (Cereceda et al. 2007). The cave,
situated about 75 m a.s.l., is about 170 m deep and has an
average height of 50 m. Its entrance directly confronts the
Pacific Ocean, which is 154 m away from it. Here, the arid
Coastal Range that separates the hyperarid Atacama Desert
plateau from the Pacific Ocean acts as a topographic barrier
to clouds and moisture-rich marine air moving north and
north-eastwards from the ocean. Thus, fog-originated water
allows the presence of “fog oases” in this region that
sustain a number of endemic plant species and is even
being proposed as a source for human consumption
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(Rundel et al. 1990; Kraus et al. 2001; Espejo 2001;
Cereceda et al. 2002; Larrain et al. 2002; Osses et al. 2005).
These clouds show a daily cycle with a maximum expan-
sion over the coastal hills during the night and early
morning hours (Farias et al. 2005; Cereceda et al. 2008).
This causes the cave interior to act like a funnel that
continuously captures the incoming water rich air of oce-
anic origin, in particular the south-facing walls exposed to
the moisture rich prevailing winds.

Not surprisingly, the alga grows only on the south-fac-
ing walls of the cave and about 20 m away from the
entrance. PPFD values measured at the site of colonization
were of 1.4% of the outside incident light. In closer
inspection we noted that most of the alga grows as colonies
of green cells covering spiderwebs attached to the cave
walls and not on the underlying rocks (Fig. 1a, Movie S1).
The colonized spiderwebs are constantly subjected to the
flow of the humid rich air moving through them, con-
densing water droplets observed in the early hours of the
morning (Fig. 1c, d, Movie S1). In agreement with this, by
placing a RH microsensor inside the cave directly behind a
spiderweb attached to the wall, we recorded daily varia-
tions in air RH in the range of 14-73%, with the higher
values observed during the night and early hours of the
morning (Fig. S1). These RH values agree with those

Fig. 1 Habitat description.

a Colonies of Dunaliella
atacamensis cells growing onto
spiderwebs attached to the cave
walls. Note that no growth is
observed on the underlying
rocks. b Bright field micrograph
of colonies of Dunaliella cells.
The silk threads of the
spiderweb can also be seen.

¢ Water condensation on the
spiderweb silk threads as seen at
6:30 a.m. d Water condensation
on the colonized spiderweb seen
in a. The red arrow points to a
colony of cells immersed in a
water droplet
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measured by Cereceda et al. (2007) in nearby areas located
between 12 and 515 m a.s.l.

Condensation of water onto the hygroscopic threads of
spiderwebs is a well-known phenomenon (Vehoff et al.
2007). Therefore, the unusual growth habitat in the context
of the driest desert of the world suggests that this species of
Dunaliella evolved to use air moisture captured by con-
densation on the spiderweb silk (Movie S1). Mean annual
fog water yields using standard fog collectors for a site
50 km north of the cave have been measured to be less than
0.02 17" m™? (Cereceda et al. 2008). Although low, these
levels imply a daily availability of a thin layer of water that
can sustain photosynthetic microbial communities as shown
in this work. An alternative source of water at this site could
be dew. Spontaneous droplet formation is induced by sub-
strates with temperatures below the dew point of the ambient
air. As the exposed surfaces cool by radiating heat during the
late afternoon and night, atmospheric moisture could con-
dense at a rate greater than that at which it can evaporate,
resulting in the formation of water droplets on the spiderweb
threads at the early hours of the morning as observed. The
poor thermal conductivity of the spiderweb threads (Osaki
1989) may add to this process.

Interestingly, sodium levels reported in fog water col-
lected in nearby areas suggest that this element comes
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mainly from the sea (Céceres et al. 2004), providing a
potential source of origin for the reported cave inhabiting
Dunaliella species.

Species identification

Eukaryota; Viridiplantae; Chlorophyta; Chlorophyceae;
Chlamydomonadales; Dunaliellaceae; Dunaliella atacam-
ensis. D. atacamensis has individual and uninucleate non
motile cells. Algae with rigid cell walls, which may attain
considerable thicknesses (0.5 pm). Cells have a light
green-emerald colour and are mostly round or ovoid, with a
diameter of 6 pum. D. atacamensis has one cup-shaped
chloroplast occupying about half of the cell interior, and a
single pyrenoid of about 0.7 x 1 um surrounded by several
starch bodies. No flagellum appears to be present, although
small stub-like structures suggestive of flagella were
observed in one of the few single cells found. The cells
form tetrads which join into colony-like structures in
irregular clumps reminiscent of palmelloid stages of other
Dunaliella species. Daughter cells are of similar size after
division.

The identity of this alga as a new species of Dunaliella
was confirmed by both molecular and morphological
methods. Molecular techniques have proved useful in tax-
onomic studies of Dunaliella species, particularly when
using 18S rRNA and internal transcribed spacer (ITS)
regions specific oligonucleotides (Gonzalez et al. 1999;
Gonzalez et al. 2001; Olmos-Soto et al. 2002; Gomez and
Gonzalez 2004; Raja et al. 2007). In the present work, these
18S rRNA specific primers amplified the expected 1771-bp
genomic product. This was further confirmed by using
Dunaliella 16S tRNA and psaB specific primers, which
amplified 152 and 646 bp plastid products, respectively.

Fig. 2 Neighbour joining (NJ)
and maximum parsimony (MP)
strict consensus tree obtained
from the aligned 18S rRNA
Dunaliella gene sequences
using PAUP. The maximum
parsimony is a strict consensus
of 75 trees. The numbers on the
nodes represent bootstrap values
with 1000 replicates for both
NJ/MP

Automated sequencing followed by BLAST search,
alignment and phylogenetic analyses of the 18S rRNA, 16S
rRNA and psaB genes revealed a species of Dunaliella
different from those previously described. Both neighbour
joining (NJ) and maximum parsimony (MP) strict con-
sensus tree obtained from the aligned 18S rRNA nuclear
gene sequences of 13 Dunaliella strains confirmed
Dunaliella atacamensis as a new member of the Dunaliella
genus (Fig. 2). The fact that the new species is part of the
Dunaliella genus was further confirmed by the use of a
species of the genus Asteromonas as the outgroup of the
phylogenetic tree. Asteromonas, a genus of the Aster-
omonadaceae, is the closest phylogenetic sister family to
the Dunaliellaceae in the Chlamydomonadales (Hepperle
et al. 1998; Nakada et al. 2008).

The 18S rRNA phylogenetic analysis is consistent with
a neighbour joining (NJ) tree obtained from the alignment
of 16S rRNA chloroplast gene sequences of other Dunal-
iella species (Fig. 3). Interestingly, the three uncultured
Dunaliella species more closely related to Dunaliella ata-
camensis are aquatic species found in the hypersaline Lake
Tebenquiche (Demergasso et al. 2008), located about
285 km inland in the Atacama Desert. Alignment of the
16S rRNA sequences of these three uncultured species with
that of Dunaliella atacamensis revealed an identity of 94%,
strongly suggesting that the latter is indeed a different
species. The same identity was obtained with the 18S
rRNA sequences.

For the psaB gene, the maximum-likelihood tree (Fig. 4)
demonstrated that the new Dunaliella species was recov-
ered in a clade (with a 98% of bootstrap support) together
with other homonymous species constituting a monophy-
letic group. The new Dunalliela species is a sister form to
D. salina strain CCAP 19/18. The long branch of

D. tertiolecta strain CCAP 19/27 (EF473747)
D. salina strain CCAP 19/30 (EF473749)
D. bioculata strain UTEX LB 199 (DQ009761)

69
58

80
oxs6 { D. primolecta strain UTEX LB 1000 (DQo09764)

71| D. parva strain SAG 19-1 (DQ009763)

D. salina strain UTEX LB 1644 (DQ009765)
54/53 | | Dunaliella sp. GSLO37 (FJ546695)

75

Dunaliella sp. GSL0O30 (FJ546700)

95/81

Dunaliella sp. GSL029 (FJ546701)
100/100—| 9g/89

Dunaliella sp. GSL036 (FJ546696)

100/100

100/98

-| Dunaliella sp. SPMO 200-2 (pQ324009)
Dunaliella sp. SPMO 980625-1E (DQ009770)

D liolla af.

is (FJ917192)

Dunaliella sp. ABRIINW Q1/1 (Eue78867)

50 changes

Asteromonas gracilis strain CCMP 813 (pQo09744)
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Uncultured Dunaliella sp. clone At18AugA12 AY862772

81

Uncultured Dunaliella sp. clone At18AugD6 AY862779
.ﬂ Uncultured Dunaliella sp. clone At18AugA3 AY862766
Dunaliell is HM126014
Dunaliella salina AF547096
Chlamyd reinhardtii NC_005353

= 1 Change

Fig. 3 Neighbour joining (NJ) tree obtained from the aligned 16S
rRNA gene sequences of Dunaliella species using PAUP. Numbers
close to the nodes represent 5000 replicates bootstrap values

98 Volvox carteri f. nagariensis isolate V8 GU169561
92 Pleodorina thompsonii AB214412
Eudorina elegans strain NIES-456 AB044435
Tetrabaena socialis strain NIES-571 AB044466
78 Gonium pectorale strain NIES-569 AB044463
ordinata strain Nozaki S-4 AB044471

Volvulina boldii strain UTEX 2185 AB044451
80

Pandorina morum strain UTEX 2326 AB044453
-l Volvulina pringsheimii strain UTEX 1020 AB044447

100 y Chlamydomonas reinhardtii NC_005353
| Chlamydomonas reinhardtii strain CC-503 F1423446
hikoffii strain ACOI 326 AB504775

56 D lielle is HM126015

98 Dunaliella salina strain CCAP 19/18 GQ250046
86 Dunaliella salina AY820754
Dunaliella parva strain UTEX 1983 AB084375

Chle radiata strain UTEX 966 AB084345

0.05 substitions/site

Fig. 4 Maximum likelihood (ML) tree obtained from the aligned
psaB gene sequences of Dunaliella species using PAUP. Numbers
close to the nodes represent 1000 replicates bootstrap values

Dunaliella atacamensis in relation to its sister species
suggests that this new microalga is highly divergent with
respect to other congeneric forms, consistent with the
adaptations to its new subaerial habitat. Thus, different
molecular markers, both nuclear (18S rRNA) and chloro-
plast encoded (16S rRNA and psaB), suggest that Dunal-
iella atacamensis is a valid species of the genus. On the
other hand, rbcL specific primers amplified a 838-bp
product corresponding to the ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) large subunit rbcL
plastid gene. However, this gene resulted to be saturated
and could not be used to reconstruct the phylogeny. Nev-
ertheless, the analysis using the Megablast option for
highly similar sequences of the BLASTN algorithm against
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the NCBI non-redundant database showed that most of the
sequences producing significant alignments with maximum
identity corresponded to Dunaliella species.

Bright field (BF), transmission electron microscopy
(TEM), scanning electron microscopy (SEM) and confocal
laser scanning (CLSM) showed some of the characteristic
internal ultrastructures described for Dunaliella species.
SEM revealed groups of algal cells firmly attached to the
silk threads (Fig. 5a). A well-defined pyrenoid surrounded
by starch bodies and the thylakoid membranes of the
chloroplast typical of Dunaliella cells were observed by
TEM (Fig. 5b). CLSM micrographs confirmed the ultra-
structural elements detected by TEM (pyrenoid and chlo-
roplast). The functionality of the chloroplast in this habitat
can be inferred by the strong autofluorescence of its asso-
ciated chlorophyll (Fig. S2). A preliminary characterization
of the photosynthetic pigments showed the typical com-
bined absorption spectrum of chlorophyll a and carotenoid
pigments previously reported for Dunaliella species (Fig.
S3) (Smith et al. 1990; Evangelista et al. 2007).

Adaptations evolved for a subaerial habitat

As opposed to the remaining aquatic members of this group
of algae, which lack a rigid cell wall and have two flagella,
this sub-aerially adapted Dunaliella exhibits a well-devel-
oped layer of EPS and does not possess flagella (Figs. 5, 6).
We also stained our samples with red ruthenium, a water-
soluble hexavalent polycation dye, long used to stain acidic
pectins and oxidized cellulose, both being typical compo-
nents of cell walls (Sterling 1970). Red ruthenium facili-
tates deposition of osmium, which increases the electron
density of the anionic polysaccharides. As shown in Fig. 6,
we obtained a positive red ruthenium staining (panels a
and c) compared with the unstained control (panels b and
d). Red ruthenium has also been used for staining bacterial
glycocalyx, since it stains its polysaccharide components
(Fassel and Edmiston 1999). In our case, further extension
of the electron dense exopolysaccharide matrix was not
observed compared with the controls, as typically seen in
reported glycocalyx (Cagle et al. 1972). Thus, it can be
inferred that in our case a more “cell wall type” structure is
observed.

It is well known that Dunaliella salina strains produce
exopolysaccharides (EPS) formed by glucose, galactose,
fructose and xylose in response to the environmental
stress caused by increasing salt concentrations (Mishra
and Jha 2009). EPS have been shown to be involved in
the efficient capture and retention of ambient water by
cyanobacteria in extreme environments (Shaw et al. 2003;
Or et al. 2007), suggesting a similar role for the cave-
inhabiting Dunaliella atacamensis. Another conserved
adaptation shown by the Dunaliella genus which could be
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Fig. 5 Scanning electron
microscopy (SEM) and
transmission electron
microscopy (TEM) micrographs
of the cave-inhabiting subaerial
Dunaliella. a SEM micrograph
of group of cells attached to the
silk threads. b TEM micrograph
showing the internal structure of
Dunaliella atacamensis cells;

p pyrenoid, s starch bodies, ct
chloroplast thylakoids. The inset
shows a detail of the chloroplast
tylakoids

50 um

Fig. 6 Red ruthenium staining
of cave inhabiting Dunaliella
extracellular polymeric
substances. a and ¢ red
ruthenium stained samples.

b and d unstained controls

advantageous for internal water retention in a subaerial
habitat is the production of the compatible solute glycerol
in response to dehydration or extracellular osmotic pres-
sure (Benoit et al. 2007; Chen and Jiang 2009). When
subjected to a hyperosmotic shock (salt stress), Dunaliella
cells rapidly shrink and synthesize massive amounts of
glycerol that increase the internal osmolarity until the
cells resume their original volume (Kacka and Donmez
2008). Experiments to find out whether Dunaliella ata-
camensis accumulates glycerol under conditions of hydric
stress are now under way.

In relation to the colonial growth pattern of the cave
Dunaliella, a “palmella” stage formation has been reported
under reduced salinity conditions (<10% NaCl) for other

Dunaliella species. This pattern has been observed with
D. salina and D. viridis onto submerged hard substrates,
both in culture and in situ (Brock 1975). In the palmella
stage, the cells usually lose their flagella and eyespot,
become more rounded and excrete a layer of EPS in which
they repeatedly divide, thus forming colonies of green cells
(Borowitzka and Silva 2007). These morphological char-
acteristics are strikingly similar to the ones observed in
the colonies covering the spiderwebs (Fig. 1b). Massyuk
(1973) described one variety of Dunaliella viridis where
the palmelloid stage seemed to be the dominant stage of
its life cycle. Strain MUR203 (=CCAP19/34) studied by
Borowitzka and Silva (2007) also shows the palmella stage
as the dominant form in culture conditions.
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Fig. 7 Cave inhabiting
Dunaliella flagella-like
structures. a SEM micrograph
of colonies and a single
Dunaliella cell attached to the
spider web threads. b Detail of
single cell attachment shown on
a. White arrows point to the
short stub flagella-like
structures

Intriguingly, in one of the few SEM micrographs illus-
trating single cells, small stub-like structures reminiscent of
flagella were observed as point of contacts attaching the
cell to the spiderweb thread (Fig. 7). These stub-like
structures are comparable to short flagella mutants of
Dunaliella salina previously described (Vismara et al. 2004)
and could have the function of primary “clinging” devices.

On the other hand, as shown by the well-known equation
of photosynthesis, 6CO, 4+ 12H,O + light energy —
CeH 2,06 + 60, + 6H,0, the availability of water and
CO, may explain some of the most distinctive adaptations
of the cave Dunaliella. This alga can only use CO, and
bicarbonate as inorganic carbon sources (Hosseini Tafreshi
and Shariati 2009). Since the diffusion of CO, is low in
aquatic environments, green algae use the pyrenoid as a
subcellular structure that colocalizes a CO, concentrating
mechanism and the RuBisCo enzyme, thus maximizing
CO, fixation (Kaplan and Reinhold 1999). Hence, the
prevalence of a pyrenoid structure in cells adapted to a
subaerial environment where CO, is not expected to be a
limiting factor may reflect an adaptation previously useful
at its former aquatic habitat. Alternatively, the preservation
of a pyrenoid might be advantageous in a subaerial habitat
since the thick layer of EPS now covering the cells could
lower CO, diffusion and could be an advantage for carbon
fixation in this extreme environment.

In summary, different features previously evolved by
Dunaliella species for living in hypersaline environments
result highly advantageous for adapting to a subaerial
environment with reduced water availability and perhaps
different light regimes than those experienced by its
aquatic ancestors (i.e., colonial growth, pigments for
avoiding photodamage, salt tolerance, glycerol production,
EPS production). This process recapitulates the adaptations
evolved by green algae for the sea-to-land transition (Karol
et al. 2001; Lewis 2002; Chapman et al. 2002; Delwiche
et al. 2002; McCourt et al. 2004). The transition from
aquatic algae to land plants was undoubtedly one of the
major events in the history of life and all evidence indicates
that this transition was not the result of a single ‘key
innovation’. Instead, it appears to have arisen from a group
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of emergent properties resulting from complex interactions
between different adaptations. As proposed by Delwiche
et al. (2002) and Lewis (2002), as algae moved to land they
could make an efficient use of resources by exploiting a
range of previously evolved traits that are likely to have
played a key role in this successful process of extending the
habitability range. These include cell wall biochemistry,
desiccation resistance and tolerance, structural complexity,
as well as various reproductive strategies some of which
are shown by the subaerial Dunaliella species. As previ-
ously noted by Gonzalez et al. (2009) Dunaliella species
show an enormous physiological variability, and our find-
ings represent a beautiful example of this assertion.

Acknowledgments This work was supported by the Millennium
Institute of Fundamental and Applied Biology (Chile). We also thank
Alejandro Munizaga and Ximena Verges for technical support with
microscopy and members of Rafael Vicuiia’s Lab for critical com-
ments and insights which helped to improve this manuscript.

References

Aasen AJ, Eimhjellen KE, Liaaen-Jensen S (1969) An extreme source
of fi-carotene. Acta Chem Scand 23:2544-2545

Akaike H (1974) A new look at the statistical model identification.
IEEE Trans Autom Control 19:716-723

Azua-Bustos A, Gonzalez-Silva C, Mancilla RA, Salas L, Palma RE,
Wynne JJ, McKay CP, Vicufia R (2009) Ancient photosynthetic
eukaryote biofilms in an Atacama Desert coastal cave. Microb
Ecol 58:485-496

Ben-Amotz A (1980) Glycerol production in the alga Dunaliella. In:
San Pietro A (ed) Biochemical and photosynthetic aspects of
energy production. Academic Press, New York, pp 91-208

Ben-Amotz A, Avron M (1989) The biotechnology of mass culturing
of Dunaliella for products of commercial interest. In: Cresswell
RC, Ress TAV, Shah N (eds) Algal and cyanobacterial
biotechnology. Longman Scientific and Technical Press, London,
pp 90-114

Benoit JB, Lopez-Martinez G, Michaud MR, Elnitsky MA, Lee RE Jr,
Denlinger DL (2007) Mechanisms to reduce dehydration stress
in larvae of the Antarctic midge, Belgica antarctica. J Insect
Physiol 53:656-667

Berden-Zrimec M, Drinovec L, Molinari I, Zrimec A, Umani SF,
Monti M (2008) Delayed fluorescence as a measure of nutrient



Extremophiles (2010) 14:443-452

451

limitation in Dunaliella tertiolecta. J Photochem Photobiol B
92:13-18

Borowitzka LJ, Brown AD (1974) The salt relations of marine and
halophilic species of the unicellular green alga, Dunaliella. The
role of glycerol as a compatible solute. Arch Microbiol 96:37-52

Borowitzka MA, Silva CJ (2007) The taxonomy of the genus
Dunaliella (Chlorophyta, Dunaliellales) with emphasis on the
marine and halophilic species. J Appl Phycol 19:567-590

Borowitzka LJ, Borowitzka MA, Moulton TP (1984) The mass
culture of Dunaliella for fine chemicals: from laboratory to pilot
plant. Hydrobiologia 116(117):115-121

Brock TD (1975) Salinity and the ecology of Dunaliella from Great
Salt Lake. J Gen Microbiol 89:285-292

Brown AD (1990) Microbial water stress physiology. Principles and
Perspectives. Wiley, Chichister, pp 93-95

Brown AD, Borowitzka LJ (1979) Halotolerance of Dunaliella. In:
Levandowsky M, Hutner SH (eds) Biochemistry and physiology
of protozoa. Academic Press, New York, pp 139-190

Caceres L, Delatorre J, Gomez-Silva B, Rodriguez V, McKay CP
(2004) Atmospheric moisture collection from a continuous air
flow through a refrigerated coil tube. Atmos Res 71:127-137

Cagle GD, Pfister RM, Vela GR (1972) Improved staining of
extracellular polymer for electron microscopy: examination of
Azotobacter, Zoogloea, Leuconostoc, and Bacillus. Appl Micro-
biol 24:477-487

Cereceda P, Osses P, Larrain H, Farias M, Schemenauer RS (2002)
Advective, orographic and radiation fog in the Tarapacd region,
Chile. Atmos Res 64:261-271

Cereceda P, Larrain H, Osses P, Farias M, Egaifia I (2007) The climate
of the coast and fog zone in the Tarapaca region, Atacama
Desert, Chile. Atmos Res 64:301-311

Cereceda P, Larrain H, Osses P, Farias M, Egaiia I (2008) Spatial and
temporal variability of fog and its relation to fog oases in the
Atacama Desert, Chile. Atmos Res 67:312-321

Chapman RL, Delwiche CF, McCourt RM (2002) Green algal
conquest of the land: many conquests, one victory? J Phycol
38(S1): 3-3(1)

Chen H, Jiang JG (2009) Osmotic responses of Dunaliella to the
changes of salinity. J Cell Physiol 219:251-258

Colomb A, Yassaa N, Williams J, Peeken I, Lochte K (2008)
Screening volatile organic compounds (VOCs) emissions from
five marine phytoplankton species by head space gas chroma-
tography/mass spectrometry (HS-GC/MS). J Environ Monit
10:325-330

Delwiche CF, Karol KG, McCourt RM (2002) One small step: why
did the charophytes have the right stuff? J Phycol 38(S1):6-6(1)

Demergasso C, Escudero L, Casamayor EO, Chong G, Balagué V,
Pedrds-Ali6 C (2008) Novelty and spatio-temporal heterogeneity
in the bacterial diversity of hypersaline Lake Tebenquiche (Salar
de Atacama). Extremophiles 12:491-504

Espejo R (2001) Climatological and microbiological characteristics of
the Camanchaca phenomenon at Cerro Moreno, Antofagasta,
Chile. In: Proceedings of the second international conference on
fog and fog collection, pp 463—466

Evangelista V, Evangelisti M, Barsanti L, Frassanito AM, Passarelli
V, Gualtieri P (2007) A polychromator-based microspectropho-
tometer. Int J Biol Sci 3:251-256

Farias M, Cereceda P, Osses P, Nuifiez R (2005) Spatial and temporal
behavior of the stratocumulus cloud, fog producer in the coast of
the Atacama desert (21° south lat., 70° west long.), during one
month of winter and another of summer. Investig Geogr
56:43-61

Fassel TA, Edmiston CE Jr (1999) Ruthenium red and the bacterial
glycocalyx. Biotech Histochem 74:194-212

Felsenstein J (1985) Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39:783-791

Goémez PI, Gonzdlez MA (2004) Genetic variation among seven
strains of Dunaliella salina (Chlorophyta) with industrial
potential, based on RAPD banding patterns and on nuclear ITS
rDNA sequences. Aquaculture 233:149-162

Gonzalez MA, Goémez PI, Montoya R (1999) Comparison of PCR-
RFLP analysis of the ITS region with morphological criteria of
various strains of Dunaliella. J Appl Phycol 10:573-580

Gonzalez MA, Coleman AW, Goémez PI, Montoya R (2001)
Phylogenetic relationship among various strains of Dunaliella
(Chlorophyceae) based on nuclear ITS rDNA sequences. J Phycol
37:604-611

Gonzalez MA, Gomez PI, Polle JEW (2009) Taxonomy and
phylogeny of the genus Dunaliella. In: Ben-Amotz A, Polle
JEW, Subba Rao DV (eds) The alga Dunaliella, biodiversity,
physiology, genomics and biotechnology. Science Publishers,
Enfield, pp 15-44

Gouveia L, Oliveira AC (2009) Microalgae as a raw material for
biofuels production. J Ind Microbiol Biotechnol 36:269-274

Hartley A, Chong G, Houston J, Mather A (2005) 150 million years of
climatic stability: evidence from the Atacama Desert, northern
Chile. J Geol Soc Lond 162:421-424

Hepperle D, Nozaki H, Hohenberger S, Huss VA, Morita E, Krienitz
L (1998) Phylogenetic position of the Phacotaceae within the
Chlamydophyceaeas revealed by analysis of 18S rDNA and rbcL
sequences. J Mol Evol 47:420-430

Hosseini Tafreshi A, Shariati M (2009) Dunaliella biotechnology:
methods and applications. J Appl Microbiol 107(1):14-35

Houston J, Hartley AJ (2003) The central Andean west-slope
rainshadow and its potential contribution to the origin of hyper-
aridity in the Atacama Desert. Int J Climatol 23:1453-1464

Kagka A, Donmez G (2008) Isolation of Dunaliella spp. from a
hypersaline lake and their ability to accumulate glycerol.
Bioresour Technol 99:8348-8352

Kaplan A, Reinhold L (1999) CO, concentrating mechanisms in
photosynthetic microorganisms. Annu Rev Plant Physiol Plant
Mol Biol 50:539-570

Karol KG, McCourt RM, Cimino MT, Delwiche CF (2001) The
closest living relatives of land plants. Science 294:2351-2353

Kraus R, Trimborn P, Ziegler H (2001) Deltal3C and deltaD values
of Opuntia atacamensis depending on different environmental
conditions in the Atacama Desert of Northern Chile. Isot Environ
Health Stud 37:161-165

Larrain H, Velasquez F, Cereceda P, Espejo R, Pinto R, Osses P,
Schemenauer RS (2002) Fog measurements at the site ‘Falda
Verde’ North of Chafaral (Chile) compared with other North
Chilean fog stations. Atmos Res 64:273-284

Lewis LA (2002) Numerous transitions to land in green plants: the
‘other’ land plants. J Phycol 38(S1):22-22(1)

Liska AJ, Shevhenko A, Pick U, Katz A (2004) Enhanced photosyn-
thesis and redox energy production contribute to salinity
tolerance in Dunaliella as revealed by homology-based proteo-
mics. Plant Physiol 136:2806-2817

Massyuk NP (1973) New taxa of the genus Dunaliella Teod. 1. Ukr
Bot Zh 30:175

McCourt RM, Delwiche CF, Karol KG (2004) Charophyte algae and
land plant origins. Trends Ecol Evol 19:661-666

Mishra A, Jha B (2009) Isolation and characterization of extracellular
polymeric substances from micro-algae Dunaliella salina under
salt stress. Bioresour Technol 100:3382-3386

Nakada T, Misawa K, Nozaki H (2008) Molecular systematics of
Volvocales (Chlorophyceae, Chlorophyta) based on exhaustive
18S rRNA phylogenetic analyses. Mol Phylogenet Evol
48:281-291

Olmos J, Paniagua J, Contreras R (2000) Molecular identification of
Dunaliella sp. utilizing the 18S rDNA gene. Lett Appl Microbiol
30:80-84

@ Springer



452

Extremophiles (2010) 14:443-452

Olmos-Soto J, Paniagua-Michel J, Contreras R (2002) Molecular
identification of f-carotene hyper-producing strains of Dunali-
ella from saline environments using species specific oligonucle-
otides. Biotechnol Lett 24:365-369

Or D, Phutane S, Dechesne A (2007) Extracellular polymeric
substances affecting pore-scale hydrologic conditions for bacte-
rial activity in unsaturated soils. Vadose Zone J 6:298-305

Oren A (2005) A hundred years of Dunaliella research: 1905-2005.
Saline Syst 1:2

Osaki S (1989) Thermal properties of spider’s thread. Acta Arach-
nologica 37:69-75

Osses P, Farias M, Nufiez R, Cereceda P, Larrain H (2005) Coastal
fog, satellite imagery, and drinking water: student fieldwork in
the Atacama Desert. Geocarto Int 20:69-74

Raja R, Hema-Iswarya S, Balasubramanyam D, Rengasamy R (2007)
PCR identification of Dunaliella salina (Volvocales, Chlorophyta)
and its growth characteristics. Microbiol Res 162:168-176

Rundel P, Dillon MO, Palma B, Mooney HA, Gulmon SL, Ehleringer
JR (1990) The phytogeography and ecology of the coastal
Atacama and Peruvian deserts. Aliso 13:1-50

Shaw E, Hill DR, Brittain N, Wright DJ, Tduber U, Marand H, Helm
RF, Potts M (2003) Unusual water flux in the extracellular

@ Springer

polysaccharide of the cyanobacterium Nostoc commune. Appl
Environ Microbiol 69:5679-5684

Smith BM, Morrissey PJ, Guenther JE, Nemson JA, Harrison MA,
Allen JF, Melis A (1990) Response of the photosynthetic
apparatus in Dunaliella salina (green algae) to irradiance stress.
Plant Physiol 93:1433-1440

Sterling C (1970) Crystal-structure of ruthenium red and stereo-
chemistry of its pectic stain. Am J Bot 57:172-175

Swofford DL (2002) PAUP*: phylogenetic analyses using parsimony
(*and other methods). Version 4.0b10. Sinauer Associates, Inc,
Publishers, Sunderland

Teodoresco EC (1905) Organisation et développement du Dunaliella,
nouveau genre de Volvocacée-Polyblepharidée. Beih z Bot
Centralbl Bd. XVIII:215-232

Vehoff T, Glisovi A, Schollmeyer H, Zippelius A, Salditt T (2007)
Mechanical properties of spider dragline silk: humidity, hyster-
esis, and relaxation. Biophys J 93:4425-4432

Vismara R, Verni F, Barsanti L, Evangelista V, Gualtieri P (2004) A
short flagella mutant of Dunaliella sallina (Chlorophyta, Choloro-
phyceae). Micron 35:337-344



	A novel subaerial Dunaliella species growing on cave spiderwebs in the Atacama Desert
	Abstract
	Introduction
	Materials and methods
	Red ruthenium staining
	Phylogenetic characterization
	Pigment identification

	Results and discussion
	Habitat description
	Species identification
	Adaptations evolved for a subaerial habitat

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


