Negev, Dead Sea and Arava Studies 9 (4), 128–136 (2017) 136 –128 ,(4) 9  ים המלח והערבה,מחקרי הנגב

Negev, Dead Sea and Arava Studies

 ים המלח והערבה,מחקרי הנגב

Research article

מאמר מחקר

Optimal temperature and salinity for growth of two Cyanobacteria
from Hammat Gader hot springs
O. Adar1, R. N. Kaplan-Levy2, M. Schonhölz1, B. Ronen1, G. Banet1*
1 Dead Sea and Arava Science Center, Israel
2 Yigal Allon Kinneret Limnological Laboratory, Oceanographic and Limnological Research, Israel

* Corresponding author: gabi@adssc.org + 972 52-8835997 fax + 972 8 6355940

ABSTRACT

Keywords:
Biotechnology
Cyanobacteria
Cyanobacterium aponinum
Gloeocapsa
temperature
salinity
hardening
hot springs
Abbreviations:
EC – electrical conductivity
OD – optical density
ppt – parts per thousand
SD – standard deviation
SW – sea water

Two Cyanobacteria strains, isolated from Hamat Gader hot springs, Israel, were identified as
Cyanobacterium aponinum and Gloeocapsa sp. Both organisms are known to have various
biotechnological applications. The isolates were examined for growth at various combinations of
temperature and salinity, in order to test their suitability to grow under local conditions of the Arava in
Israel and to establish a possible effect of salinity on thermotolerance. Growth was measured indirectly
using in-vivo OD625 and OD680 of the cultures. Optimal growth temperatures for the two strains were
40-45°C, with 50°C as the cutoff for C. aponinum and 55°C for Gloeocapsa sp. They both thrived
across the brackish range and up to seawater salinity, yet while C. aponinum showed no growth
in fresh water at any of the temperatures tested, Gloeocapsa sp. showed substantial growth at all
salinities. Significant interaction was found between salinity and temperature on both Cyanobacteria
in the range tested, indicating a possible hardening effect of salinity on thermotolerance. Under the
experimental conditions, both wavelengths proved to be useful tools to estimate growth indirectly.
In particular, C. aponinum, proved to be a competetive candidate for growth at relatively high
temperatures and salinities for various applications.

1. Introduction

et al. (2013) had demonstrated anti-bacterial, cytotoxic and

Cyanobacteria had been studied extensively in regard to their

anti-cancer activity of fatty acids and exopolysacchrides from

ecology, morphology, physiology and evolutionary history. In

a Gloeocapsa strain.

recent years the focus has turned to their multiple potential

Karatay and Donmez (2010) tested several thermophilic

applications in biotechnology (Thajuddin and Subramanian,

Cyanobacterial species from collections and asserted a high

2005; Spolaore et al., 2006; Abed et al., 2009; Mohan et al.,

lipid content for Synechococcus sp., Cyanobacterium aponinum

2010).

and Phormidium sp., with saturated compounds accounting for

Cyanobacteria from the Gloeocapsa genus were found to

more than 70% of the total in all of them. Specifically, the highest

remove heavy metals (Raungsomboon et al., 2008; Chouhan

lipid content (45%) was found for C. aponinum. They conclude

and Banerjee, 2010), to decolor dyes (Parikh and Madamwar,

that these species are promising feedstocks for biodiesel

2005) and to produce H2 under certain conditions (Antal and

production. C. aponinum was also shown to be advantageous

Linbald, 2005; Serebryakova and Tsygankov, 2007). Gacheva

in ethanol production (Algenol research, quoted in Dexter et al.,
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2015). Some strains (Synechococcus PCC6803 and PCC6301)

filled aquaria placed over hot plates and mixed with magnetic

produce hydrogen under certain conditions (Moezelaar et al.,

stirrers at 45°C, comparable with temperature at origin.
All samples were enriched with nutrients, to create a

1996; Howarth and Codd, 1985).
In terms of optimal growth temperatures, different

BG11-based medium at the following final concentrations:

Gloeocapsa species have different temperature preferences.

15 mM KNO3, 1.5 mM KH2PO4, 1.66 mM MgSO4, 1.8 mM

Gloecapsa punctata thrives in the relatively low temperature

CaCl2, 0.65 mM SiO2, 0.22 mM Fe-EDDHSA, 46 μM H2BO3,

range of 13–28°C and salinities of 30–40 ppt, which are close

10 μM Mn-EDTA, 5 μM Zn-EDTA, 0.8 μM Cu-EDTA and

to those of seawater (Dor and Ehruch, 1987). A Gloeocapsa

0.3 μM Mo. Columns were bubbled with 1.5% CO2/air (v/v)

sp. was found in the Sirch hot springs, Iran, at 44–45°C and a

mixture, at about 0.5 L/min. All tubing comprised of sterile

Gleocapsa-like organism showed prominent presence at ~58°C

silicon tubes, and 0.2 μm PTFE filters were placed at air inlets

in the Zerka Ma’in hot springs in Jordan (Ionescu et al., 2007).

to prevent contamination. Later, inocula were transferred

C. aponinum PB1 isolated from a reed bed in Al Nimr, Oman,

into 25% seawater (SW) medium similarly enriched.

had a cutoff temperature of 45°C (Winckelmann et al., 2015)

Following enrichment, cyanobacteria tended to dominate the

and a salinity range from fresh water up to 140 g∙L NaCl.

samples, making it easier to isolate them. At that stage, two

-1

In this study, we tested the growth rate of two cyanobacterial

cyanobacterial stains were isolated and tentatively named HG2

strains isolated from Hammat Gader hot springs in the Golan

and HG3. Later, these strains were identified, using molecular

Heights, Israel, under various temperature and salinity

identification – see below.

combinations. The aim of this study was to test their ability to

HG3 was isolated by streak plating on BG11-based medium

grow at appreciable rates for biotechnological purposes under

agar (1.5%). Colonies were transferred to 15 ml plastic test tubes

high temperatures and salinities, conditions characteristic for

and further on to larger vessels held at 45°C indoors, as well as

the Israeli Arava region. In addition, the possible hardening

to a similar vessel at ambient temperatures outdoors. HG2 did

effect of salinity for thermotolerance was tested.

not grow on the enriched agar and therefore monocultures were
obtained by serial dilutions in the growth medium. Dilutions

2. Materials and methods

were maintained in micro-centrifuge tubes floating in 50°C

2.1. Site of collection and conditions at origin

water until growth occurred and then transferred to larger

The cyanobacteria isolated and tested in this study were collected

vessels. From isolation and on, HG3 culture was kept at 45°C

from the Roman Hot Spring and from a hot water flow cascading

+/-2 and HG2 culture at 50°C +/-2.

down from the hot spring in the Hammat Gader compound, Golan
Heights, Israel (32.682333° N., 35.666299° E.). Conditions at

2.3. Identification

origin of the two sampling sites are shown in Table 1.

Genomic DNA from both HG2 and HG3 strains was extracted
using the DNeasy Plant Mini Kit (QIAGEN cat No. 69104)

Table 1: Conditions at origin and cyanobacteria isolated
Site

Temperature
(ºC)

EC (mS∙cm-2)

PH

Tentative name of
isolated organism

Roman
Bath

49.5

2.2

7-7.5

HG3

Western
flow

44.5

2.3

7-7.5

HG2

according to the manufacture protocol, with the exception that
the physical cell lysis was conducted using glass beads of 100
and 500 μm in size (Sigma cat No. G-4649 and G-8772) with 1
min vortex.
The amplification, sequencing and analysis of the 16S

2.2. Sampling, handling, cultivation and strain isolation
Sampling had been carried out using plastic bottles that were
surface-sterilized by 70% ethanol. The samples were carried
in thermally insulated containers to prevent thermal shock and
were brought to an air-conditioned sun-lit greenhouse (20–25°C,
750 µm quanta·m-2·sec-1 at midday), located in Yotvata, in the
Southern Arava, Israel (35.0601° N., 29.8956° E.). They were
then transferred into 1.5L conical glass columns, held in water-

rRNA-ITS1 DNA sequences from each species were conducted
as described for cyanobacteria in Kaplan-Levy et al. (2016).
The 16S rRNA-ITS sequences for strains HG3 and HG2 were
deposited in the GenBank database.
2.4. Medium and inoculum preparation
For all experiments, media were prepared with de-ionized
water, enriched with the nutrient mixture described above, and
supplemented with Red Sea salt ("Red Sea Fish Farm", Israel)
to desired concentrations of seawater according to manufacturer
instructions. An addition of 33 ppt sea salt to our BG11-based
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medium was considered as 100% seawater (100% SW), while

2.8. Statistical analysis

no addition of sea salt was considered as 0% sea water (0%

Regression analysis was carried out between various parameters

SW). Since our BG11-based medium contained 1.8 ppt salts,

to find both correlations and growth rate coefficients (μ). Means,

100% SW translates for 34.8 ppt, 50% SW for 18.3 ppt and 0%

standard errors and R2 values were calculated for triplicates. One

SW for 1.8 ppt.

and two-way ANOVA of the data obtained, was performed and

In preparation for experiments, subcultures were taken into

the significance of the differences between means was evaluated

bubbled sterile glass columns (4 cm diameter, 25 cm height).

by Duncan post hoc multiple range tests. SPSS Statistics 17.0

Inocula for the various treatments were taken from these glass

(IBM Co. Somers NY 2011) was used to perform the ANOVA

columns at the late log phase (3–4 days). The same medium,

and Duncan multiple range analysis. Otherwise, all statistics

adjusted for the required salinities, was used for all treatments.

were carried out using Excel 2007 (Microsoft Co.).

2.5. Spectrophotometry

3. Results

Optical density at 625nm and 680nm for the two cultures was

The organisms were identified by DNA analysis to be

determined using a spectrophotometer (Shimadzu 1280) against

Cyanobacterium aponinum and Gloeocapsa sp. (Table 2). Their

the appropriate blanks. Standard curves of the two strains were

accession numbers in GenBank are KY172946 for C. aponinum

established using cultures with known cell concentrations vs.

HG3 and KY172947 Gloeocapsa sp. HG2.

their OD625 and OD680, corresponding to in-vivo phycocyanin
and chlorophyll a absorption maxima, respectively. If necessary,
to improve accuracy, samples taken from the experiments were
diluted to fit 0–1 absorbance.
2.6. Bi-factorial salinity–temperature experiments
The bi-factorial experiments were conducted at a grid of five
temperatures (35, 40, 45, 50 and 55°C) and three salinities
(0, 50 and a 100% SW) for 6–7 days. Additional CaCl2 was
supplemented to the 0% SW treatments. Temperatures in the
aquaria were stabilized within a ±1.5°C range. Fifty ml sterile
plastic tubes were inoculated (OD680 of 0.1 at t0) and placed in

Table 2: The comparison of the 16s rRNA ssu-its sequence within
HG2 and HG3 to already deposited sequences, using
BLAST software in the NCBI website (https://www.ncbi.
nlm.nih.gov). The matching organisms presented in the
table are the ones with the highest likelihood to be either
HG2 or HG3. The overlapping percentage between the
DNA sequences from this study and their best hits from
the GenBank database
Sample

Species GenBank

% overlapping Identity Accession #

HG2

Gloeocapsa Sp.
PCC 7428

100%

99%

CP003646.1

HG3

Cyanobacterium
aponinum PCC10605

100%

99%

CP003947.1

aquaria as described above. Media for the 50–100% SW cultures
were filtered using Whatman GF/C filters to cancel the effect
of non-dissolved salts on optical readings. CO2/air (1.5% v/v)
flow into the plastic tubes was adjusted to 0.5 L∙min-1. Original

3.1. OD625 and OD680 as indicators for cell density
The fitness between OD625 and OD680, and cell concentration, is
presented in the standard curves in Fig. 1, along with the in-vivo

culture volume was 40 ml and sterile distilled water was added

absorption spectra of the cells. As can be seen, there is a strong

daily to compensate for evaporation before sampling. Sampling

correlation between in-vivo OD625 and OD680 of both cultures and

was done on days 0, 2, 4 and 6–7. Growth was measured

cell concentration, at ODs between 0–1, enabling their use for

indirectly using OD625 and OD680. Experiments were conducted

indirect measurements of cell concentration within this range.

in triplicates.
2.7. Calculations of growth parameters

3.2. Gloeocapsa sp. HG2
The temperature range for Gloeocapsa sp. HG2 growth was

Specific growth rate (K or µ) of the cyanobacteria was calculated

found to be room temperature to 55°C. The uppermost tolerated

according to Levasseur et al. (1993):

temperature turned out to be 60°C, data not shown. However,
growth at temperatures lower than room temperature was not
measured. Optimal temperature for Gloeocapsa sp. HG2 growth

[1]
where N2 and N1 are the OD626 and OD680 at times t2 and t1, and
K or µ is expressed in day-1.

was 40°C under 0% SW, and 45°C for salinities of 50% and
100% SW (Fig. 2). Lowest growth was observed at 55°C at all
salinities. Similar OD results were obtained at both wavelengths
used, 680nm and 625nm (Fig. 2).
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Figure 1: Standard curves of Gloeocapsa sp. HG2 (a) and C. aponinum HG3 (b) cultures, demonstrating OD625 and OD680 vs. cell concentrations.
The linear regression lines for each wavelength are presented, along with their equations and correlation coeﬃcients R2 (bottom
right). In the insets, the in-vivo absorption spectrum of each strain, showing the absorption maxima at 625nm and 680nm,
corresponded to phycocyanin and red chlorophyll a absorption, respectively.

Figure 2: Growth curves of Gloeocapsa sp. HG2 under various combinations of temperatures and salinities. n=3. a-c; OD625, d-f; OD680.
If necessary, samples were diluted to ﬁt the standard curve in Fig. 1 and the values obtained were multiplied by the dilution rate
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The results presented in Fig. 2 were further analyzed to yield

by Gloeocapsa sp. HG2 (Fig. 2, 3). Unlike Gloeocapsa sp.

growth rates (m), followed by an analysis of variance (Table 3).

HG2, C. aponinum showed no growth at 55°C. As shown in

The highest growth rates (0.31–0.32 day-1 at 680nm) were

Fig. 3, maximal growth had been attained at 35°C-45°C (at both

obtained, at all salinities, at 40°C–45°C, the apparent optimal

50% SW and 100% SW). After 6 days, C. aponinum growth

temperatures for growth. Growth rate at 55°C, the highest

at 50°C reached higher densities at 100% SW than at 50%, as

temperature in which growth was observed, was the lowest at

measured at both wavelengths (Fig. 3).

0% SW (no growth) and significantly higher at 50% SW- 100%

The results presented in Fig. 3 were further analyzed to yield

SW (0.15–0.16 day ). Similar trends were obtained at 625nm.

growth rates (m) followed by an analysis of variance (Table 4).

Both salinity and temperature, independently, had significant

The highest growth rates (0.74–0.75 day-1 at 680nm) were

effect on growth rate, as measured both at 625nm and 680nm

obtained at 100% SW, at 35°C–40°C, C. aponinum’s optimal

(Table 3). In addition, significant interaction was found between

temperature for growth. C. aponinum maximal growth rates were

temperature and salinity in affecting growth rate.

found to be two-fold higher than those of Gloeocapsa sp. HG2

-1

(Table 3, 4). Unlike Gloeocapsa sp. HG2, that showed growth
Table 3: Growth rates (day-1) of Gloeocapsa sp. HG2 at the
logarithmic growth phase under various combinations of
temperatures and salinities. Growth rates were calculated
from Fig. 1. Values are means of triplicates ± SEM.
Superscript letters denote Duncan post-hoc subsets
Salinity

0%

50%

100%

Temp.

at all the tested salinities, C. aponinum showed no growth at 0%
SW. However, at 100% SW, there was no significant reduction
in growth rate at 50°C as compared to those of 35°C–45°C.
Very similar results were obtained at both 625nm and 680nm
measurements (Table 4). As can be seen in table 4, both salinity

Wavelength (nm)
625

680

and temperature, independently, had significant effect on growth

35ºC

0.14±0.03cd

0.13±0.04b

rate. Additionally, significant interaction was found between

40ºC

0.32±0.03a

0.32±0.01a

temperature and salinity in affecting growth rate.

45ºC

0.25±0.01

abc

0.23±0.05

50ºC

0.23±0.01

abcd

0.22±0.01ab

55ºC

–0.02±0.01e

ab

–0.03±0.01c

35ºC

0.22±0.01abcd

0.23±0.01ab

40ºC

0.18±0.04

0.17±0.05b

45ºC

0.31±0.01ab

0.31±0.01a

50ºC

0.23±0.01

0.23±0.01

55ºC

0.15±0.01cd

0.16±0.01b

35ºC

0.16±0.01cd

40ºC

bcd

abcd

Table 4: Growth rates (day-1) of Cyanobacterium aponinum HG3 at
the logarithmic growth phase under various combinations
of temperatures and salinities. Growth rates were
calculated from Fig. 2. Values are means of triplicates ±
SEM. Superscript letters denote Duncan post-hoc subsets
Salinity

Temp.

Wavelength (nm)
625

ab

680

35ºC

0.043±0.003c

0.04±0.003bbc

0.23±0.01b

40ºC

0.03±0.02c

0.02±0.026bc

0.17±0.00bcd

0.25±0.03ab

45ºC

45ºC

0.22±0.05abcd

0.31±0.03ab

50ºC

0.03±0.01c

–0.04±0.017c

50ºC

0.16±0.01cd

0.22±0.02b

35ºC

0.7±0.04a

0.67±0.04a

55ºC

0.10±0.01

0.15±0.00

40ºC

0.7±0.04

0.67±0.03a

45ºC

0.68±0.02a

0.64±0.02a

50ºC

0.38±0.09b

0.19±0.13b

de

0%

50%

b

2-factor
ANOVA
Temp.

–0.2±0.14c

0.05±0.02c-

a

<0.0001

<0.0001

35ºC

0.75±0.006a

0.72±0.01a

Salinity

0.0089

0.0083

40ºC

0.74±0.01

0.7±0.01a

Interact.

0.0002

<0.0001

45ºC

0.69±0.03a

0.66±0.03a

50ºC

0.52±0.017ab

0.5±0.02a

3.3. C. aponinum HG3
In general, the temperature range for C. aponinum growth in

100%

a

2-factor
ANOVA
Temp.

<0.0001

<0.0001

the upper uppermost tolerated temperature (data not shown). As

Salinity

<0.0001

<0.0001

shown in Fig. 3, C. aponinum showed no growth at 0% SW at

Interact.

0.0089

<0.0003

any of the temperatures tested. At 50% and 100% SW, over the

Temp.

<0.0001

<0.0001

same period and across all temperatures tested, C. aponinum

Salinity

0.0089

0.0083

showed significant growth and to higher densities than reached

Interact.

0.0002

<0.0001

the lab was from room temperature to 50°C, with 55°C being
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Figure 3: Growth curves of C. aponinum HG3 under various combinations of temperatures and salinities. n=3. a-c; OD625, d-f; OD680.
If necessary, samples were diluted to ﬁt the standard curve in Fig. 1 and the values obtained were multiplied by the dilution rate

4. Discussion

0.2–0.5M NaCl (10–25 ppt, 30%–75% SW) for growth, and

According to our results (Figs 2, 3 and tables 3, 4), the two

classified it as halotolerant. In contrast, Gloeocapsa sp. HG2

cyanobacteria differ in their salt tolerance. While Gloeocapsa

was able to grow at much lower salinity (1.8 ppt).

sp. could grow at its optimal temperatures of 40°C–45°C across

Mackay et al. (1984) have also tested the halotolerance

all salinities tested, C. aponinum, showed negligible growth at

of 15 Synechococcus strains, which are close relatives of C.

0% SW and an appreciable growth at 50% and 100% SW at

aponinum, studied in this work (Moro et al., 2007). Some

its optimal temperatures of 35°C–40°C. Working with specific

of the Synechococcus species were able to grow at a salinity

strains, Mackay et al. (1984) found Gloeocapsa sp. N107 to

equivalent to our 0% SW, and were classified as freshwater,

tolerate up to 2.2M NaCl and to require a minimal salinity of

and some failed to grow at salinities lower than 22 ppt (0.35M
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NaCl, ~60% SW) and were classified as hypersaline. In fact,

of temperatures (30°C–50°C) and salinities (44–183 g·l-1),

half of the Synechococcus strains tested in the cited work

provided that a rise in temperature was accompanied by a rise

were considered halotolerant, able to tolerate 2.5M NaCl (4–5

in salinity in salinity.

times SW salinity). Regarding C. aponinum HG3, since we

The above literature and our findings seem to suggest that a

did not test its growth at salinities higher than seawater, we

hardening effect of salinity on thermo-tolerance is common in

cannot tell whether it is marine or hypersaline. Its failure to

cyanobacteria. In a previous study, we have shown a hardening

grow at 0% SW may indicate it is a hypersaline strain, as these

effect of salinity on thermo-tolerance in Micractinium sp.,

organisms seem to require a certain minimal level of salinity

Chlorellacea (Adar et al, 2016) and quoted studies that show

(Mackay et al., 1984). Notably, although C. aponinum HG3 was

this effect is common across several taxonomic groups.

isolated from a fresh water body, with a salinity of 2 mS/cm

Growth of microorganisms in culture can be determined

(Table 1), it did not show growth at 0% SW in the laboratory.

directly, as increase in dry weight or cell concentration, or

Metagenomic analysis of microbial mats taken from the exact

indirectly, by various methods, optical density (OD) being one

same location (Verhovskiy et al., 2017, in preparation) indicated

of them. The wavelengths used for optical density measurements

that Cyanobacterium sp. accounts for only about 0.25% of all

may be those absorbed by the cells, typically by their pigments,

individual bacteria comprising the mat. It is conceivable that

or those dispersed/scattered by the cells (referred to as turbidity).

upon the transfer of the samples to 25% SW (see section 2.2 in

Regarding the indirect measurement of cyanobacterial growth

material and methods), that particular cyanobacterium started to

by OD, Waditee et al. (2002) measured Synechococcus growth

dominate the culture through its high growth rate.

using OD730 (turbidity), Sakamoto and Bryant (1998) used

In this study we have isolated two cyanobacterial strains whose

OD550 (turbidity) for the same purpose, Amaral et al. (2014) used

maximal growth temperatures were 50°C (C. aponinum HG3)

OD750 (turbidity) to measure Cylindrospermopsis growth and

and 55°C (Gloeocapsa sp.HG2). In fact, these temperatures are

Ma et al. (2010) used OD680 (absorption) to measure Anabaena

not considered as extreme for the cyanobacterial realm. A study

and Microcystis growth. These studies thus demonstrate the

in the Yellowstone hot springs (Peary and Castenholz, 1964;

variety of wavelengths used for indirect determination of

Ward et al., 2012) had shown that different Synechococcus

cyanobacterial growth by OD.

strains, a close relative of C. aponinum HG3, grew at significant

Additionally, Ma et al. (2010) found strong linear relationships

growth rates and kept photosynthesizing at temperatures ranging

between Anabaena or Microcystis dry weight concentration and

between 50°C–75°C. Typically, strains that had their maxima at

their OD680 when grown in the presence of seven herbicides or

higher temperatures also had a higher cutoff for the minimum

their absence (control). Babica et al. (2007) also used OD680 to

temperatures. As already mentioned, different Gloeocapsa

track the growth of Microcystis aeruginosa (and of other five

species have different temperature preferences, from Gloecapsa

chlorophytes) under different concentrations of microcystin.

punctata with a range of 13–28°C (Dor and Ehruch, 1987) up to

The two last cases demonstrate the feasibility of using OD680

a Gloeocapsa-like organism from the Zerka Ma’in hot springs

as a measure of culture growth at different physiological states.

(Jordan), that showed prominent presence at ~58°C (Ionescu et

In this study we show that in addition to OD680, OD625, which is

al., 2007). Gloeocapsa sp. HG2 belongs to the most thermo-

attributed to the in–vivo phycocyanin absorption, can also serve

tolerant Gloeocapsa group.

as a tool for monitoring cyanobacterial growth (Fig. 1). The

As shown in tables 3 and 4 for both Gloeocapsa sp.HG2 and

only limitation seems to be the need for dilution of the samples

C. aponinum HG3, increased salinities brought about increased

before measurement to fit the OD between 0–1, where the ratio

growth rate at the uppermost-tolerated temperatures, 50°C for

between OD and cell number is linear (Fig. 1). The apparent

C. aponinum and 55°C for Gloeocapsa sp. As also shown in

constant ratios between OD680 and OD625 of both cultures (Fig.

tables 3 and 4, this combined effect of salinity and temperature

2, 3) may indicate that pigment composition was not affected

on growth is significant. According to Banerjee et al. (2009),

under the experimental conditions (different temperatures and

salinity was found to enhance growth at 45°C or higher in five

salinities, and culture densities). It is probable that no light

of the strains studied. Dor and Hornoff (1985) showed the same

excess or limitation occurred during the experiment.

interaction between temperature and salinity on a complete

When comparing the growth rates of the two cyanobacteria

assemblage of cyanobacteria taken from a hypersaline pond

studied here, at the optimal temperatures and salinities (Tables

in Israel. The mixed population of unicellular and filamentous

3, 4), C. aponinum HG3 exceeds Gloeocapsa sp. HG2 by

cyanobacteria was able to sustain growth over a wide range

a factor of 2–3, including at 50°C (0.52 day-1 and 0.23 day-1

Temperature and salinity for growth of two Cyanobacteria

135

respectively). On the other hand, Gloeocapsa sp. growth rate

Chouhan, R., Banerjee, M., 2010. Two Cyanobacteria

at 55°C, although modest (0.15 day ), is higher than that of C.

Hapalosiphon sp. and Gloeocapsa sp. in amelioration of

aponinum. In comparison, growth rates of various thermophilic

selenium toxicity. Journal of Applied Bioscience 36 (2),

Synechococcus strains, taken from two hot springs in the

137–140.

-1

Yellowstone National Park, ranged between 0.5–1.1 day at
-1

50–600C and continuous light (Ward et al., 2012). In another
study, one strain showed growth rate of 0.97 day-1 at 52°C and
continuous light (Kilian et al., 2007). When comparing these
growth rates with those obtained in our study, it should be noted
that the two strains investigated were grown under natural, and
not continuous, light. Thus, our data points to the potential use
of C. aponinum HG3, mainly, for various applications, in the
range of 35°C–50°C and 20–40 g*l-1 of salinity.
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