
Los Baños de la Hedionda (LH, Málaga, S Spain) is a natural sulphureous (150-

200 µM sulphide) spa. Although this high sulphide levels can affect the 

photosynthetic process (1), there are numerous photosynthetic microorganisms 

inhabiting the spa (2). Among them, we isolated a strain of  the cyanobacterium 

Oscillatoria sp., a genus well known by its tolerance to sulphide (3). The aim of  this 

work was to isolate and to characterize this cyanobacterium, and to analyze the 

resistance of  the isolated strain to sulphide, studied by analyzing the effect of  

increasing sulphide levels on photosynthetic performance and growth. On the 

other hand, the limit of  genetic adaptation to sulphide was also explored using an 

evolution experiment named as rachet protocol (4). 
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• Oscillatoria sp. showed stable growth despite the irradiance.  

• Oscillatoria sp. LD is around 1 mM, presenting the maximum growth rate on 100-

350 µM S (mean sulphide concentration at LH). The ID for Fv/Fm is almost 9 

times higher than M. aeruginosa ID, a sulphide-sensitive strain. 

• Following the ratchet protocol, Oscillatoria sp. cultures above the LD have been 

achieved, so it can be concluded that the maximum adaptation is higher than 1.1 

mM S. 
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Fig. 7 Number of  days required to grow under increasing doses of  S during the ratchet experiment. Four independent cultures (represented by 

different column patterns) were tested. Grey texture over a step of  increased dose of  S shows the concentration interval where initial lethal dosis 

was found  
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Fig 4 Growth rate (m) as a function of  S concentration  

in Oscillatoria sp. Data are mean ± SD (n= 4). LD is 

indicated on the graph. 
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Characterization of the cyanobacterium Oscillatoria sp. 

isolated from extreme sulphureous water from Los Baños de 

la Hedionda (S Spain) 

Isolation and maintenance: 

The Oscillatoria sp isolation was made by a successive dilution (SD) process 

(Fig. 1). The column A was filled with LH water; the rest of  the wells, 

with 180 µL of  BG11. By rows, and successively, a 20 µL aliquot from each 

well was transferred to the right next one. Following this method, the last 

well with cells of  each row has a population formed by a single cell. Figure 1. Representation 

of  the SD design. 

Inhibitory Dose (ID) and Lethal Dose (LD) 

Inhibitory dose for maximum quantum yield of  PS II, on dark adapted cell cultures, 

(Fv/Fm) was measured using a PAM-2000 fluorimeter (Walz). Measurements of  Fv/Fm 

were carried out after 1 hour incubation in BG 11 plus 20 mM HEPES (pH 7), under 

different S concentrations (0, 25, 50, 100, 150, 200, 400, 800 µM). 

To measure the LD, growth rate was measured after five days incubation in the same 

medium as indicated above at different S concentration (0, 50, 100, 200, 350, 500, 900 

µM). Chla was used as a biomass estimator. In other experiments, fresh weight was used.  

The isolated strain was grown in a 250-mL cell culture flasks, with 100 mL of  BG-11 medium 

buffered with 5 mM HEPES (pH 7). Sulphur (200 µM) was added to the medium every day 

from a  Na2S- aqueous NaOH master stock solution (pH ~13, 210-240 mM). At pH 7, sulfur is 

on the form of  H2S (50%) and SH- (50%).  Flasks were maintained under continuous 

irradiance of  50 μmol m−2 s−1, at 20°C. 

Ratchet protocol: the limit of  the genetic adaptation to sulphide 

 

During the initial phase, four replicates of  control cultures containing growth medium 

(BG11, 20 mM HEPES, pH 7) plus 200 µM  S (mean concentration at LH),  and four 

replicates of  three treatments with increasing S concentrations were prepared (Fig. 2) 

 

Those cultures were kept seven days and then observed. Cultures showing the same 

concentration than control ones, were transferred to the next S level (+100 µM). Cultures not 

reaching a similar biomass to that found in control cultures were not transferred (red 

asterisks) and maintained in the same S concentration until they reached the control biomass.  
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Fig 5 Effect of  sulphide on Fv/Fm on dark-adapted cells 

of  Oscillatoria sp strain. Data from a cyanobacterium 

strain isolated from a non-sulphureous waters (M. 

aeruginosa) are shown to compare. Data are mean ± SD 

(n= 4). ID are indicated on the graph. 
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Fig 3 Growth rate (m) as a function of  irradiance in Oscillatoria sp. 

Data are fitted to a von Bertalanffy model. Data are mean ± SD  

(n= 4) 
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Increased dose of  S (uM)) 
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Increased dose of   S (µM) 

Do you want to know more about this experiment? 

Get in contact with us. Fig. 2 Ratchet protocol design 

Most of  the initial cultures are growing above the lethal dose, and even at concentrations over 1 mM. The 

number of  days required to overcome the lethal dose is lower when the initial S concentration is minor 

(historical contingency). 

There were no differences on Oscillatoria sp. growth 

rate (m) on the 10-100 µmol · s-1 · m-2 irradiance range 

(Fig. 3).  

Oscillatoria sp. growth rate (m) showed a 

maximum on the 100-350 µM S range (Fig. 4).   

Inhibitory dose for Fv/Fm was much higher  for 

Oscillatoria sp. than for a Microcystis 

aeruginosa strain isolated from a non-sulphureous 

waters.  
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