
Introduction

　Laguna (L.) Verde salt fl at is a system of fi ve shallow, 
oligotrophic lakes originated in the Tertiary geological 
period (65 million to 1.8 million years ago) and it is 
distributed over 100 km2 of High Andean Altiplane 
(Fig. 1). These lakes are located between 4,200 and 
4,400 m above sea level and distances between them 
vary from 10 to 20 km. Characteristics of L. Negra and 
L. Verde are given in Table 1. Almost unexplored, with 
no access roads, these aquatic ecosystems endure 
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Laguna (L.) Negra and L. Verde are high altitude Andean lakes located at the 4,400 m altitude in 
the Andean desert (Puna) in the Argentine northwest. Both lakes are exposed to extreme weath-
er conditions but differ in salinity contents (salinity 6.7% for L. Negra and 0.27% for L. Verde). 
The aim of this work was to isolate ultraviolet B fraction (UV-B) resistant bacteria under UV-stress 
in order to determine, a possible connection, between resistance to UV-B and tolerance to salin-
ity. DNA damage was determined by measuring CPDs accumulation. Connection among pigmen-
tation production and UV resistance was also studied. Water samples were exposed to artifi cial 
UV-B radiation for 24 h. Water aliquots were plated along the exposition on different media, with 
different salinity and carbon source content (Lake medium (LM) done with the lake water plus 
agar and LB). CFU were counted and DNA damage accumulation was determined. Isolated bac-
teria were identifi ed by 16S rDNA sequence. Their salinity tolerance, were measured at 1, 5 and 
10% NaCl and their pigment production in both media was determined. In general it was found 
that UV resistance and pigment production were the optimum in Lake Medium done with lake 
water which maintained similar salinity. The most resistant bacteria in L. Negra were different 
strains of Exiguobacterium sp. and, in L. Verde, Staphylococcus sp. and Stenotrophomonas 
maltophilia. These bacteria showed the production and increase of UV-Vis absorbing compounds 
under UV stress and in LM. Bacterial communities from both lakes were well adapted to high 
UV-B exposure under the experimental conditions, and in many cases UV-B even stimulated 
growth. The idea that resistance to UV-B could be related to adaptation to high salinity is still an 
open question that has to be answered with future experiments.
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extreme environmental conditions such as high levels 
of ultraviolet B fraction (UV-B) radiation (Fernández Ze-
noff et al., 2006a), high salinity levels, low nutrients 
(particularly phosphorous), heavy metal contents 
(mainly arsenic) (Mantelli et al., 2003) and large daily 
temperature fl uctuations. Due to the high altitude and 
the geographical and physicochemical characteristics 
of these lakes, UV-B radiation is one of the most limit-
ing abiotic factors for bacterioplankton communities 
(Agogué et al., 2005; Alonso-Saez et al., 2006; Fernán-
dez Zenoff et al., 2006b; Hernández et al., 2007; Wilson 
et al., 2004; Winter et al., 2001).

　Bacteria are especially sensitive to UV radiation be-
cause of their simple haploid genomes with low or 
nonfunctional redundancy, the lack of a protective cell 
wall and their diminutive size (Garcia-Pichel, 1994). 
According to biological responses, UV radiation can 
be divided into three bands according to the wave-
length: UV-C ＜ 280 nm; UV-B = 280‒320 nm and UV-A 
= 320‒400 nm. High doses of UV radiation, especially 
those from band B, would damage the cell directly and 
indirectly, because of the strong absorption by DNA 
molecules at wavelengths below 320 nm (Boelen et 
al., 2000; Mitchell and Karentz, 1993). Accumulation of 

Fig. 1.　Ecosystems of High Altitude Andean Lakes in north western Argentinean An-
des. 
　(A) L. Negra (4,400 m), (B) L. Verde (4,400 m), (C) Geographic location of the Laguna 
Verde saltfl at.
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cyclobutane pyrimidine dimers (CPDs) in DNA is most 
commonly observed after irradiation with UV-B (Fernán-
dez Zenoff et al., 2006b).
　In addition to the stress imposed by UV radiation, 
organisms living in some of these environments must 
also deal with high salinity, desiccation-rehydration 
cycles and high levels of other mutagenic agents. In 
that way, there are hypotheses that propose that a 
broad phylogenetic spectrum of microorganisms 
which are adapted to stress by desiccation, high salin-
ity or exposute to metals, can also be adapted to ra-
diation stress, since both stresses have deleterious 
effects for the cells, in particular on DNA, causing a 
strong oxidative stress (Agogué et al., 2005; Alonso-
Saez et al., 2006). Thus, mechanisms of tolerance to 
different stresses could then be expected in all of these 
environments. In that way, halophilic and extremophil-
ic eubacteria are thought to have developed mecha-
nisms that produce a high degree of resistance to high 
doses of these DNA-damaging agents (Martin et al., 
2000; Wilson et al., 2004).
　In other hand it is known that UV radiation is respon-
sible of biological damage produced by the formation 
of Reactive Oxigen Species (ROS) and DNA damage. 
ROS can affect proteins and membranes by lipoper-
oxidation. As a cellular protective response, several 
bacterial strains produce metabolites such as photo-
protective compounds that could protect to DNA from 
UV radiation damage or carotenoids that reacted with 
ROS to neutralize their harmful effect.
　In order to determine the relationship between UV-B 
resistance, colored compounds production and salin-
ity tolerance, we aim to test the UV-B resistance of bac-
teria isolated from lakes with similar UV-B doses but 
different salinity conditions. For this purpose L. Negra 
and L. Verde were chosen, because both lakes are lo-
cated at the same altitude and share similar environ-

mental conditions but they differ in salinity content 
(Table 1).
　In addition, in this report, a preliminary exploration 
of bacterial diversity of two different unexplored ex-
treme environments is presented. The discovery and 
isolation of different bacterial species, the study of 
CPD accumulation and discussion about the possible 
role of bacteria pigmentation in UV-B resistance are 
considered.

Materials and Methods

　Sampling.　Surface water samples of both lakes 
were collected during the late winter and early spring 
of 2006 (September) in 10 L acid-washed polyethylene 
containers, after pre-rinsing with lake water. Water 
samples were stored at 4°C until further processing at 
the laboratory (within 24 h after collection).
　In vitro radiation experiments.　To determine the ef-
fect of UV-B on bacterioplankton from L. Negra and 
Verde, water samples (300 ml) were transferred to UVR 
transparent containers (Plexiglas) of 800 ml capacity. 
Then, the water samples were exposed to UV-B radia-
tion (I=1.92 W/m2) during 24 h with artifi cial lamps 
(two 09815-06 lamps, Cole Parmer Instruments Com-
pany, with the major emission line at 312 nm) and tem-
perature was controlled (15°C). Radiation assays were 
carried out in duplicate and dark controls were includ-
ed for all experiments. UV-B lamps were covered with 
acetate fi lm to block out UV-C and the amount of UV-B 
radiation was measured using a radiometer (09811-
56, Cole Parmer Instruments Company) at 312 nm 
with an intensity of 1.9 W/m2. Aliquots (20, 25 ml) were 
extracted at different exposure times (1, 3, 6, 12 and 
24 h) to determine: culturable bacteria (identifi ed by 
the rRNA 16S sequence) and DNA damage (by mea-
suring CPD accumulation).

Table 1.　Characteristics of L. Negra and L. Verde from Salar Laguna Verde, 
Catamarca, Argentina.

Lake L. Negra L. Verde

Global Position 27° 34′ S; 65° 32′ W 27° 38′ S; 68° 32′ W
Altitude (masl) 4,400 4,400
Arsenic (mg/L) 3 0.8
Phosphor (mg/L) ＜0.05* ＜0.012*

Salinity (%) 32 5
Chlorophyll (µg/L) 0.63 1.04

Maximum UV-B (W/m2) in situ 280‒312 nm 10.80 10.78
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　In order to discard a possible effect of an enclosed 
sample (‘bottle effect’), results obtained were com-
pared with dark controls: that means that the same 
experiments (the same exposure time and the same 
assay temperature) were carried out with bottles 
wrapped in aluminum paper.
　Comparing UV-B exposed samples with unexposed 
(dark control), 3 classes of performance were deter-
mined: i) bacteria that diminished their cell number 
under UV-B, compared to the control, were classifi ed 
as sensitive (S), ii) bacteria that maintained the same 
cell count as the control were classifi ed as resistant 
(R), iii) bacteria that increased their cell number com-
pared to the control or bacteria that were isolated only 
under UV-B irradiation were classifi ed as super resis-
tant (R+).
　Bacterial count isolation and growth.　Twenty ml 
were concentrated by centrifugation (15 min at 
13,000 rpm) and resuspended in 1 ml sterile water. 
One hundred µl of 20× concentrated water samples 
were plated in duplicate onto two culture media with 

different carbon sources: Luria Broth (LB) and Lake 
Medium (LM). LB was used to select frequent cultura-
ble bacteria and LM to maintain the same salinity as 
the isolation environment. The latter was made with 
fi ltered lake water (0.22 µm Biopore fi lters) supple-
mented with 0.25% (w/v) yeast extract and 1.4% (w/v) 
agar (Difco). Plates were incubated at 20°C for 24 h 
and 72 h for LB and LM, respectively.
　To determine the behavior of different bacteria dur-
ing UV-B exposure, all isolates were classifi ed on agar 
plates by color, colony surface and size, phenotypi-
cally different bacteria were grouped, counted, isolat-
ed and identifi ed by 16S rRNA analysis. Internal tran-
scribed spacer (ITS) analysis was carried out in order 
to discriminate between similar strains (data not 
shown). All the isolates color, affi liation and UV resis-
tance are represented in Table 2, and Fig. 2. This pro-
cedure allowed determination of the number and di-
versity of culturable bacteria present in the lakes after 
artifi cial UV-B radiation.
　To analyze changes in metabolites production relat-

Table 2.　Phylogenetic characterization of L. Negra and L. Verde water bacteria isolated during in vitro UV-B.

Strain Medium Color
Closest relative species in 

the 16S rDNA gene sequence 
database

Accession 
number

% 
Sequence 
similarity

UV- B 
Radiation 
sensitivity

Dark control

L. Negra
N22 LM White Exiguobacterium sp. 1. In process 99 S +
N23 LM Yellow Pseudomonas sp. AM778697 100 R+ +
N24 LM Orange Exiguobacterium sp. 2 AM903335 100 R +
N26 LM Orange Exiguobacterium sp. 3 AM778698 99 S +
N29 LM Uncolored Bacillus sp. AM778699 98 R+ +
N31 LM Pink Bacillus cereus AM778700 99 R+ -
N32 LM Gray Pseudoalteromonas sp. AM778701 98 R+ -
N33 LM Red Kocuria sp. AM778702 100 S- +
N36 LB Uncolored Bacillus sp. AM778694 99 S +
N38 LB Orange-pink Exiguobacterium sp. AM903338 99 R +
N40 LB Blue Acinetobacter Iwoffi i AM778696 99 R +

L. Verde
Ver5 LM Uncolored Acinetobacter sp. AM778688 99 R +
Ver6 LM Phosphorescent Pseudomonas sp. AM778689 9 S +
Ver7 LM Orange Acinetobacter junii AM778690 98 S +

Ver12 LM Uncolored Stenotrophomonas maltophilia AM903334 96 R +
Ver9 LM Orange Staphylococcus sp. AM778692 100 R+ -
Ver1 LB Yellow-white Desemzia incerta AM778684 99 R +
Ver2 LB Blue Staphylococcus sp. AM778685 100 S +
Ver3 LB Blue Acinetobacter johnsonii AM778686 98 R +
Ver4 LB Uncolored Stenotrophomonas maltophilia AM778687 97 R +

　References: Isolated compared with presence (+) or absence (-) in dark control. R+: super resistant; R: resistant; S: sensitive, 
S-: super sensitive (bacteria that were isolated only in dark incubation).
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ed to growth medium and UV resistance, isolated 
strains were grown to stationary phase (when pigmen-
tation is visible) in two culture media with different sa-
linity content (LM and LB). Culture were diluted (with 
NaCl solution sterile 0.9%) to an Optical Density (OD) 
of 0.7. Then, the cultures were irradiated for 1 h (Dosis: 
6.9 kJ/m2). Five milliliters of diluted culture were 
taken and concentrated by centrifugation (5 min to 
10,000 rpm). Pellet was extracted with 2 ml of MeOH to 
measure their absorption spectra (250‒750 nm) using 
an Espectrophotometer Beckman DU640 UV-VIS.
　Salinity effect on bacterial growth.　Growth curves 
of selected strains in different salinity conditions were 
done by incubating at 30°C in fl ask with shaking in LB 
with 1, 5, 10 and 15% NaCl. OD600 was measured dur-
ing 24 h with intervals of 5 h. Specifi c growth rates 
were calculated from µ = (ln OD600t2 - ln OD600t1)/ t2 - 
t1 ; t2 ＞ t1 where time 1 (t1) and time 2 (t2) are the ex-
tremes of exponential phase in growth curve.

　Nucleic acid extraction and quantifi cation and deter-

mination of phylogenetic affi liation of isolated bacteria.
Bacterial genomic DNA of each isolated strain was ex-
tracted with the CTAB extraction method and 16S 
rRNA amplifi cation was carried out using standard 
protocols described by Fernández Zenoff et al. (2006a). 
Genotypic affi liation of isolated strains was performed 
with single colonies. Universal primers 27 F and 1492 
R were used to amplify the 16S rDNA gene. PCR prod-
ucts were checked on 0.8% (w/v) agarose gels and 
DNA sequencing was performed by Macrogen Inc. 
(Korea). The sequences were registered in the Gen-
Bank Database (Table 2).
　Construction of alignments and phylogenetic trees.

To construct the phylogenetic trees, the sequences 
were aligned in the ClustalW program and the align-
ments were manually spot checked (Thompson et al., 
1994). Analyses were performed by the neighbor-join-
ing method using the MEGA 4.0 software (Saitou and 

Fig. 2.　Neighbor-joining tree representing the phylogenetic relationship among partial sequences of iso-
lated strains from L. Verde and L. Negra. Bootstrap values are shown at the branching points (percentage of 
1,000 replicates).
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Nei, 1987; Tamura et al., 2007). The percentage of rep-
licate trees in which the associated taxa clustered to-
gether in the bootstrap test (1,000 replicates) are 
shown above the branches (Felsenstein, 1985). The 
evolutionary distances were computed using the Max-
imum Composite Likelihood method (Tamura et al., 
2004) and are in the units of the number of base sub-
stitutions per site. All positions containing gaps and 
missing data were eliminated from the dataset (Com-
plete deletion option).
　ITS determination.　The ITS region was amplifi ed 
using primers to positions 1492‒1510 of the 16S rRNA 
gene ( SM, 5′-AAGTCGTAACAAGGTAGCC-3′) and 
positions 482-463 of the 23S rRNA gene (BR3, 5′-GC   
TTTTCACCTTTCCCTCAC-3′). Amplifi cation was car-
ried out as described by Willems et al. (2001). For each 
sample, amplifi cation was done as follows: twenty-fi ve µl 
reaction volume contained 0.125 µl Taq polymerase 
(Promega), reaction buffer 5 × (100 mM Tris/HCl pH 
8.8, 500 mM KCl, 0.8% [v/v] NP-40 and 1.5 mM MgCl2), 
2 pmol of each of the primers (fi nal vol.), 0.2 mM of 
each of the four dNTPs (MBI Fermentas) and 1 µl of 
bacterial DNA.
　The PCR protocol consisted of an initial denatur-
ation step of 5 min at 94°C, followed by 35 denatur-
ation cycles of 2 min at 94°C, 1 min annealing at 59°C 
and 1.5 min at 72°C, and a fi nal extension of 7 min at 
72°C. Amplifi cation products were analyzed by 0.8% 
(w/v) agarose gel electrophoresis.
　Quantifi cation of CPDs.　Twenty-fi ve ml of water 
samples were fi ltrated by 0.22 µm pore size and DNA 
extracted by the CTAB method. The amount of CPDs 
was determined using the H3 antibody with a high af-
fi nity for thymine dimers according to George et al. 
(2002). Briefl y, heat-denatured DNA samples (100 ng) 
were blotted (Minifold I SRC96D dotblot device, Schlei-
cher & Schuell) onto nitrocellulose membranes (Schlei-
cher & Schuell, Protran 0.1 µm). The membranes were 
baked at 80°C for 2 h to immobilize DNA and incubat-
ed in 5% (w/v) skimmed-milk powder in PBS-T (PBS + 
0.1% [v/v] Tween 20 [Sigma]), for blocking unspecifi c 
sites, for 30 min at room temperature. After three wash-
ing steps with PBS-T, the membranes were incubated 
overnight with the primary antibody H3 at 4°C. After 
repeated washing, incubation with the secondary anti-
body (Polyclonal Rabbit Anti-Mouse Immunoglobulins/
HRP, DakoCytomation) was carried out for 2 h at room 
temperature. Detection of CPDs was obtained using 
ECL detection reagents (Amersham) in combination 

with photosensitive fi lms (Amersham Hyperfi lm ECL). 
Finally, the fi lms were scanned and analyzed using an 
image analyzer (Gel Doc 2000 Bio Rad). To quantify 
the amount of damage in the sample DNA, samples 
were compared with a calibration series of standard 
DNA (Promega). Calf thymus DNA was used as a bio-
dosimeter, to compare the DNA damage among a 
nacked DNA and DNA in the cell, this allows to deter-
mine the effi cience of the cell repair or protect mecha-
nisms against UV damage.

Results and Discussion

Survival of culturable bacteria on two different media 

after UV-B radiation

　Assessment of survival of culturable bacteria after 
24 h of UV-B exposure was carried out with two plating 
media in order to enhance isolation conditions: a rich 
medium (LB) and a minimal medium (LM, prepared 
with water from the lakes). LM preserved the salinity of 
the isolation environment (salinity 6.7% for L. Negra 
and 0.27% for L. Verde). The total number of Colony 
Forming Units (CFUs) counted on isolation media of 
both lakes is presented in Fig. 3. Clear differences in 
UV-B resistance between the two plating media can be 
noticed. L. Negra showed an increase in the number 
of CFUs of bacteria after 3 h of exposed to UV-B, plat-
ed onto LM, and whereas UV-B exposed bacteria from 
this lake plated onto LB exhibited a general decrease 
in the number of CFUs. Regarding L. Verde, a signifi -
cant increase (p＜0.05) was observed after 12 h of ex-

Fig. 3.　Survival curves of total isolated strains that compose 
L. Negra and L. Verde bacterioplankton community during 
long-term artifi cial UV-B exposure.
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posure to UV-B on LM, but the number of CFUs de-
creased at the end of the experiment in both media.
　The stimulation of bacterial growth with UV-B expo-
sure has already been observed in previous reports on 
culturable bacteria and in total community analyses 
from L. Azul and L.Vilama (Dib et al., 2009; Farias et al., 
2009; Fernández Zenoff et al., 2006a), situated at 4,450 
and 4,650 m altitude, respectively. The increase in the 
number of cells and diversity under UV-B stress needs 
deeper studies directed to explain the possibility that 
UV triggered certain mechanisms that enhanced the 
ability of cells to survive and replicate faster (McGlynn 
and Lloyd, 2002).

Identifi cation and differential UV-B resistance of cultur-

able bacteria on LB and LM culture media

　More bacterial diversity, better UV resistance and in-
crement in colored compounds were found when 
samples were plated in LM with respect to LB. It is ap-
parent from this data that LM media which maintains 
similar isolation source salinity improved bacterial sur-
vival under UV radiation.
　Different bacteria were isolated with the two media 
from L. Negra. Isolations from LB included strains of 
Exiguobacterium sp., Bacillus cereus and Acineto-

bacter lwoffi i (Fig. 4A). Strain Exiguobacterium sp. and 
Acinetobacter Iwoffi i were considered resistant (R) 
while Bacillus cereus were found to be sensitive (S).
　Pseudomonas sp., Bacillus sp., Bacillus cereus, Ko-

curia sp. and Pseudoalteromonas sp. and three differ-
ent strains of Exiguobacterium sp. (1, 2 and 3), were 
isolated from LM (Fig. 4A). Pseudoalteromonas sp. 
and Bacillus cereus were isolated exclusively under 
UV-B exposure, which denotes their high resistance 
(R+) together with Bacillus sp. and Pseudomonas sp. 
Exiguobacterium sp. 2 were resistant (R) and Kocuria 

sp. was exclusively isolated in the dark control so it 
was considered sensible (S) together with Exiguobac-

terium sp. 1 and 3 (Fig. 4A).
　Differential bacteria diversity was obtained from L. 
Verde samples when platting in different medium. 
While Desemzia incerta, Staphylococcus sp., Acineto-

bacter johnsonii and Stenotrophomonas maltophilia 

were isolated from LB, LM favored the growth of Acine-

tobacter sp., Pseudomonas sp., Acinetobacter junii, 

Stenotrophomonas maltophilia and Staphylococcus 

sp. (Fig. 4B). In LB medium Desemzia incerta, Acineto-

bacter johnsonii and Stenotrophomonas maltophilia 

maintained the cell number after 24 h of UV-B irradia-

tion comparing with dark control, so they were consid-
ered resistant (R) (Fig. 4B). All strains presented an 
increase of 1 order of magnitude. In contrast Staphylo-

coccus sp. displayed depletion on cell counting with 
respect to the dark control (S).
　Staphylococcus sp., the most sensitive strain isolat-
ed in LB, was the most resistant strain on LM. In LM it 
presented color while in LB it did not. Likewise, this 
strain was not isolated in dark LM control and as is 
explained below it produce color only under UV stress. 
Acinetobacter junii and Pseudomonas sp. were con-
sidered sensitive (S). Stenotrophomonas maltophilia 

and Acinetobacter sp. maintained the same bacterial 
cell counting after 24 h of exposure and were consid-
ered resistant (R).
　All these results shows that Exiguobacterium sp., 
Staphylococcus sp., Stenotrophomonas maltophilia, 
Desemzia incerta and Acinetobacter johnsonii were 
the most resistant bacteria isolated. Exiguobacterium 
sp., isolated from L. Negra, is an alkaliphilic, halotoler-
ant, non-spore-forming Gram-positive bacillus which 
grew both on LB and LM plates after UV-B exposure. 
This bacterium had already been isolated as a high 
UV-B resistant strain from L. Vilama, located at 4,650 m 
altitude in Jujuy, Argentina (Ordonẽz et al., 2009). This 
bacterium has also been isolated from extreme envi-
ronments such as Siberian permafrost, ancient salt 
deposits of a salt mine and chromate-contaminated 
soil. Exiguobacterium sp. support freezing conditions, 
UV-BC radiation and high osmotic pressure, among 
other extreme conditions (Chen et al., 2007; Ponder et 
al., 2005; Sarangi and Krishnan, 2008). Resistance to 
UV-B radiation in Staphylococcus sp. genera has been 
reported before (El-Adhami et al., 1994). However, 
there is no record determining this level of resistance 
in environmental isolates. This is the fi rst report for 
UV-B resistance in Stenotrophomonas maltophilia or 
Desemzia incerta. In contrast, Acinetobacter johnsonii 
has been mentioned in our previous publications as a 
high UV-B resistant bacterium, isolated from high alti-
tude lakes (Dib et al., 2008; Fernández Zenoff et al., 
2006a, b; Ordoñez et al., 2009). These results have 
also been confi rmed by Denaturing Gradient Gel Elec-
trophoresis analysis of DNA with water samples from 
other lakes from the same environment (Flores et al., 
in publication).
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Fig. 4.　Isolation of bacteria during exposure compared to dark control in L. Negra (A) and L. Verde (B) bacterioplankton 
community, during long-term artifi cial UV exposure plated in two media: LM medium and LB medium.
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Salinity tolerance of isolated bacteria

　Concerning salinity tolerance it was found that there 
is no correlation between the capacity of growing in 
salt and the salinity of the isolation source; nor was 
found similar salinity tolerance among strains with the 
same phylogenetic affi liation. Exiguobacterium (N22), 
Pseudomonas (N23), Bacillus (N29) and Acinetobacter 
(Ver 5) were grouped among high salinity tolerant 
since they presented low difference in specifi c growth 
rates of (less than 10%) among 1% and 5% NaCl (Ta-
ble 3). Medium salinity tolerance with a ca. 50% deple-
tion of the specifi c growth rates comparing the growth 
in 1% and 5% NaCl, was observed in Exiguobacterium 

sp. (N24), Bacillus cereus (N31) and Acinetobacter sp. 
(Ver 3). The other tested isolates showed low salinity 
tolerance. Only Pseudomonas sp. (N23) and Pseudo-

alteromonas sp. (N32), were able to growth in 10% sa-
linity, both were isolated from L. Negra that presents a 
salinity of 6.7%. Connection among salinity tolerance 
and UV-B resistances could not be established, since 
UV-B resistant isolates are distributed among salt tol-
erant and non tolerant group (Table 3).

Production of absorbing compounds in different me-

dium

　Bacterial plating after UV-B exposure showed that 
pigment-producing strains seemed to be more resis-
tant to UV-B than non-producing strains, even with dif-
ferent strains of the same species, as was the case 
with Exiguobacterium sp. and Bacillus cereus from L. 

Negra and Staphylococcus sp. from L. Verde. In addi-
tion, strains that grew in media that enhanced absorb-
ing compounds production (LM) resulted more resis-
tant than the same strains growing in media that do 
not enhance absorbing compounds production (LB) 
(Table 2).
　From 20 selected strains, only 3 strains showed dif-
ferences in their absorption spectra (but without differ-
ence in their UV-B resistance), when they were grown 
in different culture media. Bacillus cereus showed an 
increase in the absorption spectra between 400‒500 nm 
with a max to 470 nm when it was grown in LM com-
paring LB. This strain was R+ in LM and was not pres-
ent in dark control. These absorption maximum is 
characteristic of carotene pigments such as astaxan-
thin with known ROS scavenging properties (Asker et 
al., 2007). Also, the increase in OD below 350 nm (may 
be ubiquinone, characteristic of Bacillus species) was 
kept when N31 was grown in LM. Similar results were 
founded in Exiguobacterium sp. N38. In a current re-
search (Asker et al., 2007) Exiguobacterium sp. was 
characterized as pigmented-bacteria able to resist ra-
diation; their carotene spectra showed a maximum ab-
sorption wavelength to 453 and 480 nm. However, this 
pigment has not been identifi ed yet at the molecular 
level.
　On the other hand, Stenotrophomonas maltophilia 
showed an higher absorption in their colored com-
pound spectrum when it was grown in LB comparing 
ML. According to its profi le and maximum absorption 

Table 3.　Specifi c growth rates of selected strains in LB 1% 
NaCl, 5% NaCl and 10% NaCl.

Strains
Specifi c growth rates

LB 1% NaCl LB 5% NaCl LB 10% NaCl

Gram positive
Exiguobacterium sp. 2  N24 0.19 0.1 0.06
Exiguobacterium sp.  N38 0.42 0.09 0.13
Exiguobacterium sp. 1  N22 0.39 0.35 0.05
Bacillus sp.  N36 0.8 0.35 0.07
Bacillus sp.  N29 0.22 0.2 0.01
Bacillus cereus  N31 0.26 0.16 0.03
Staphylococcus sp.  Ver9 0.36 0.19 0.2
Proteobacteria (Gamma)
Pseudoalteromonas sp.  N32 0.49 0.16 0.22
Pseudomonas sp.  N23 0.26 0.27 0.25
Acinetobacter Iwoffi i  N40 0.92 0.3 0
Acinetobacter johnsonii  Ver3 0.6 0.35 0
Acinetobacter sp.  Ver5 0.14 0.14 0.01



456 Vol. 55FLORES et al.

wavelength, this strain may have lutein in their pig-
mentary composition. In fact, it was only isolated in LB 
(Fig. 5).
　Interestingly, Staphylococcus sp. Ver 9 isolated from 
L. Verde water, was the most resistant bacterium to 
UV-B exposure, and their resistance was only observed 
after plating onto LM medium and under UV-B exposi-
tion. However, we could not be able to detect any ab-
sorbing pigmented compound in this strain, nor in LB 
neither in LM (dark controls). This means that the pro-
duction of colored compound was induced only in LM 
under UV-B exposition (ITS analysis revealed that the 
strains in both media were the same). The reason why 
this strain exclusively produces pigment under UV 
stress is an interesting aspect for further research in 
order to assess the role of pigmentation on UV-B resis-

tance.
　In that way we propose that differences found in the 
colored compounds production, in strains growing in 
LB and LM demonstrates, that relation among colored 
compounds production and UV resistance depends 
on phylogenetic group and conditions of growth (ei 
carbon source or salinity of the media, UV stress etc.). 
In that way we proposed that this relationship (colored 
compound production-UV resistance) can not be gen-
eralized. That is why there are studies that associate 
UV resistance and colored compounds production 
(Asker et al., 2007) and there are others that do not 
(Garcia-Pichel, 1994; Ordoñez et al., 2009).

Fig. 5.　Absorption spectra of hydrophobic extract, of isolated bacteria growing in both culture media (LB and LM). 
　In this fi gure it is represented isolates that presented differences among both medium.
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Accumulation of CPDs

　Total DNA damage in the bacterioplankton commu-
nity in water from both lakes after UV-B exposure is 
presented in Fig. 6. Differences in the CPD accumula-
tion between the two samples can be noticed. CPD 
accumulation in bacteria from L. Negra started after 
1 h of exposure (40 CPDs Mb-1) while in bacteria from 
L. Verde an increase in CPDs was observed after 3 h of 
exposure. Both samples presented accumulation of 
360 CPDs Mb-1 in this time. After 3 h of exposure to 
UVR a logarithmic increase was observed in both sam-
ples and maximum CPD accumulation reached around 
1,500 CPDs Mb-1. This increase was maintained in L. 
Negra, while in L. Verde a small decrease was ob-
served until 1,280 CPDs Mb-1. At the same time CPDs 
in biodosimeters (i.e. calf thymus DNA) were higher 
than 2,560 CPDs Mb-1 from the fi rst moment of sam-
pling (i.e. after 1 h). The maintenance of bacterial 
counting (mainly in LM), although DNA damage ac-
cumulation, demonstrates that, in these environments, 
DNA damage is well tolerated by the community. In the 
other hand, the difference in DNA damage presented 
among bacterial DNA and biodosimeters, demon-
strates that bacterial cells effi ciently protect their DNA 
from damage.

Conclusions

　From the results discussed, it can be concluded that 
Andean lake bacterial communities, under the experi-
mental conditions, were well adapted to high UV-B ex-

posure and in many cases UV-B stimulated their growth 
and selected a different diversity from the original. This 
phenomenon was more evident in bacteria belonging 
to L. Negra compared to those from L. Verde and in 
plating in LM medium that maintained the lake similar 
salinity. This should be taking in account when the 
goal is to isolate UV resistant bacteria.
　On the other hand, colored compound production 
demonstrated to be connected to UV exposition, plat-
ing medium and phylogenetic group. In that way we 
want to emphasize that pigmentation in bacteria and 
UV resistance is not supposed to be generalized and 
should be studied independently in each phylogenetic 
group and in different growth conditions. The idea that 
this resistance could be related to adaptation to ex-
treme environmental factors such as high salinity or 
high arsenic content is still not clear and will be an-
swered with future experiments.
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