
Advances in Environmental Biology, 11(10) October 2017, Pages: 56-64 

 

AENSI Journals 

 

Advances in Environmental Biology 
 

ISSN-1995-0756      EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Copyright © 2017 by authors and Copyright, American-Eurasian Network for Scientific Information (AENSI Publication). 

Isolation and Screening of Non-toxic Thermo-tolerant 
Microalgal Strains Cultivated in Different Growth 
Media for Further Outdoor Applications. 

 
1,3Ahmed M. A. Mohamed, 1,4Khaled N. M. Elsayed, 3Olfat M. A. Salem, 2Gerd Klöck 
 
1Department of life Science and Chemistry, Jacobs University, Bremen Campus Ring 1, 28759 Bremen, Germany. 
2University of Applied Sciences Bremen, Am Neustadtswall 30, 28199 Bremen, Germany. 
3Department of Botany and Microbiology, Faculty of Science Helwan University, Egypt. 
4Department of Botany and Microbiology, Faculty of Science Beni-Suef University, Beni-Suef 62511, Egypt. 
 
Address For Correspondence: 
Ahmed Mohamed, Department of  life Science and Chemistry, Jacobs University, Bremen Campus Ring 1, 28759 Bremen, Germany 
E-mail: a.mohamed@jacobs-university.de 

 

This work is licensed under the Creative Commons Attribution International License (CC BY).  
http://creativecommons.org/licenses/by/4.0/ 

 

 

 

Received 21 August 2017; Accepted 25 October 2017; Available online 30 October 2017 

 

 

ABSTRACT 

 
Coupling of advanced wastewater treatment with microalgae cultivation is a promising solution to reduce the economic and environmental 

cost for biodiesel production. In this study fresh water samples from Nile River (Giza region) / Egypt were investigated to select the most 

robust strains which have high growth rate and high lipid content at 40°C and in different growth media for further outdoor cultivation. 
Seven unicellular strains were able to grow fast with high lipid accumulation at 40°C; two from them can grow in synthetic human urine 

(SHU) as a synthetic wastewater. Lipid quantification was done by using Nile red stain method. Toxicity experiment carried out using 

Artemia salina shrimps to avoid using any toxic strains in outdoor cultivation. The most promising strains were characterized and identified 
on a molecular level using 18S rDNA and 16S rDNA. 
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INTRODUCTION 

 

No doubt that the whole world facing energy crisis problems. Microalgae are considered one of the 

potential and environmentally clean proposed solutions to overcome fossil fuel depletions as the net carbon 

emission to the atmosphere is zero [1,43]. Selecting robust microalgae strains which have high annual biomass 

productivity under full outdoor conditions (Daily fluctuations of temperature, water quality and light intensity) 

is still a major challenge [4,45]. To select these robust strains, process oriented screening should follow, starting 

with lab scale culture system which offer the ability to apply wide range of treatments, ending by outdoor 

culture pond and passing through indoor culture pond. This oriented process will accelerate the screening and 

avoid investing a lot amount of money and effort in building outdoor ponds in different geographic locations 

[5].  

Using non-arable land and not potable water in the production of microalgae biomass will guarantee the 

process sustainability because they not compete with crop plants [2,3]. At the same time, using wastewater  

nutrients instead of synthetic media, has dual effect by reducing the cultivation cost (improves the sustainability) 

and purify the wastewater as a bi-product [6,7]. In conventional wastewater treatment phosphorus (P) is 

precipitate and nitrogen (N) is removed by denitrification to atmospheric nitrogen N2. When wastewater 
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treatment is achieved by using microalgae N and P are not only remove but reused to produce viable biomass as 

well [40,44-46].  

Many microalgae strains are capable of accumulating high amount of lipids with different types and 

different quality depending on many factors, like temperature, light intensity, light duration and nutrients and 

nutrient concentrations [8,19, and 20]. Among these different types of lipids neutral lipids in form of 

triacylglycerol (TAG) can be converted to biodiesel through transestrification process [9]. Neutral lipid content 

increased in most microalgae species under some stress conditions like, Temperature and/or nutrient starvation 

till up to 50% of the day weight [11] This neutral lipids can be easily stained  and determined  using Nile red 

stain (NR) instead of using classical methods (gravimetric methods) which are all expensive and time 

consuming [10]. 

Seasonal temperature variations and temperature fluctuations along the same day is a basic challenge in 

outdoor cultivation [12]. These fluctuations ranged between 10°C to 45°C in outdoor production [13]. Most of 

microalgae can caring on photosynthesis and cell division in a temperature range between 15°C to 30°C with an 

optimum range 20-25°C [14]. Raising up temperature above the optimum range decrease the growth rate due to 

inactivation or denaturation of some enzymes involved in photosynthesis which in turn lead to imbalance 

between energy demand and ATP production [15]. On the other hand, there are some microalgae species have 

the ability to grow fast under high temperature like, Chlorelle sorokiniana [12], which are the target strains in 

our oriented screening. 

Some microalgae, especially dinoflagellate species, produce water soluble toxins like saxitoxins [21,22]. 

Some of these water soluble toxins have adverse effect on human and some mammals including cattle, sheep, 

horses and birds [23,24,25]. These toxins are not a problem when a mechanical or physical method used to 

convert the accumulated biomass to a biofuel but it might be a problem when a biological method like anaerobic 

digestion (which we planning to do) is used [26]. Also it may a problem when biomass residues after lipid 

extraction is used as animal feed [27]. 

In the present study, 19 different isolate were screened to select the most robust strains which have the 

ability to grow fast with high lipid content in SHU under wide range of temperature fluctuations and also not 

toxic to be valid for outdoor applications.  

 

MATERIALS AND METHODS 

 

2.1. Sample collection: 

Fresh water samples were collected in 20/09/2013 from Nile River, Giza region –Cairo- Egypt. Collections 

were carried out from the top and bottom layer of water at each location to obtain the dominant microalgal 

species present in this particular area. All the field samples were collected in sterile 50-mL tubes and maintained 

in refrigerator then transferred to our lab at university of applied Science, Bremen, Germany. 

 

2.2. Isolation of microalgae: 

In order to isolate a single microalgal species from the water sample, serial dilution was done in 10 ml 

sterile test tubes each contain 10 ml BG11 medium [28] and incubate at 25°C and 110 ± 2.5 PAR m
-2

 s
-1

 for 14 

day. One milliliter of the diluted sample was transferred to sterile Petri plates containing approximately 15–20 

mL of BG11 agar medium and spread evenly across the surface using 13 plate and zigzag technique.  

The inoculated Petri dishes were incubated under the same conditions mentioned above where the algae 

were allowed to grow for 14 day. Grown algal colonies were streaked several times a gain on agar plates till 

pure culture were obtained, Fig (1).  

The obtained uni-algal strains were suspended in liquid BG11 medium and labeled till be identified on a 

molecular level. 

 

2.3. Media preparation: 

Three different media were used in this study depending on the aim of the experiment. BG11 medium [28] 

was used as a cultivation medium during isolation and molecular identification steps. Wuxal media (WM) was 

used as an economic and simple growth medium for further outdoor cultivation (3). It is a commercially 

available fertilizer WUXAL- Universaldünger liquid plant fertilizer (8 % N, 8 % P2O5, 6 % K2O, 0.01 % B, 

0.004 % Cu, 0.02 % Fe, 0.012 % Mn, 0.004 % Zn; Wilhelm Haug GmbH & Co. KG, Germany).  

Wuxal liquid medium (WM) contained tap water with 0.002 % w/v MgSO4 and 0.05 % v/v Wuxal. 

Synthetic Human Urine 5% (SHU), [29] was used to test the ability of the isolated strains to withstand growing 

in such extreme waste water sources. SHU (1000 ml) was composed of 0.5 g CaCl2·2H2O, 4.12 g K2HPO4, 0.47 

g MgCl2·H2O, 0.29 g KCl, 4.83 g NaCl, 1.55 g NH4Cl, 2.37 g Na2SO4, 13.34 g urea, 1.0 g creatine and 0.65 g 

sodium citrate (pH 6.8).  
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Fig. 1: (a) Water samples after adding fresh BG11 medium and incubated at room temperature for 2 weeks 

under continuous shaking (b) Separate colonies on agar plate (c) Unialgal cultures under 40X 

magnification power. 

 

2.4. Algae identification: 

The most promising strains were characterized and identified on a molecular level. DNA extraction carried 

out using the DNeasy Plant Mini Kit (Qiagen GmbH, Hilden, Germany). The amplifying of the 18S rDNA and 

16S rDNA sequences of the eukaryotic and prokaryotic cells was done in a T3 thermocycler (Biometra, 

Gottingen, Germany) with the primer pair EukA /EukB for eukaryotic target sequences and with primer pair 

CSIF/ULR without G-C clamp [30,31] for prokaryotic target sequences [3]. The PCR products were purified 

using QIAquick PCR Purification Kit (Qiagen, Germany). Sequencing was done using the Sanger sequencing 

technique by GATC (Biotech AG Konstanz, Germany). 

 

2.5. Toxicity assay: 

Artemia salina hatching: 

Artemia salina cysts were purchased from a local pet store in the form of Hobby® Artemix, which includes 

an appropriate mixture of sea salt and cysts. Following the suggested label proportions of 6.4g of Artemix was 

mixed with 200 ml deionized water to produce one batch. The batch was then incubated in a water bath at 28°C 

for 24 hours while aerated with a hose and air pump. After 24 hours, mature Artemia salina was ready to be 

harvested for testing. 

 

Control and microalgal sample preparations: 

The primary solvent for all samples was salt water prepared with sea salt in a concentration of 30g/L. All 

samples were tested in volumes of 1 ml with three replicates. All samples were also incubated at 28°C after 

preparation and before performing the bioassay to ensure optimal conditions for Artemia salina. Each 

microalgal extract concentration and positive and positive control were tested in three concentrations: 10, 100, 

1000 ppm. Control environments were established using methanol residue (the extraction solvent) as the 

negative and dissolved thymol with the same concentrations as the positive control. 

The extracts and control were prepared as stocks in 500µL. 500 µL sea water containing 10 nauplii were 

added to each replicate and incubated under the mentioned conditions and the number of dead nauplii was 

counted under a direct light microscope and the Mortality was calculated according to Abbott [42]: 

 
Where M is mortality; LC, living nauplii in the control after 24 h; LT, living nauplii in the test or reference 

extract after 24 h. 

 

2.6. Lipid determination: 

Lipid determination were carried out using 2 different methods, Nile red stain (NR) for unicellular strains 

and gravimetric method [35] for the filamentous strains. 
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NR assay: 

Nile red is a lipophilic fluorescent dye and has been used as a fast and feasible method to detect and 

quantify the neutral lipid content of many microalgae strains [32]. Depending on our validation of NR assy (see 

Elsayed et al, [41], we used a modified method for (33) by using 25% DMSO, 2µg/ml Nile Red and 30 min. 

incubation period in dark. A HITACHI Fluorescence Spectrophotometer F-2500 (Hitachi, Germany) was used 

with excitation and emission wavelengths 530 and 575 nm respectively using FL Winlab software as data 

analysis [34].  

 

Standard lipid curve: 

To calculate lipid percent per algal cell, several standard lipid curves were done using glyceryl triolen 65% 

(SIGMA-ALDRICH) with different dilutions 1:10, 1:100, 1:1000 and 1;10000 triolen : glycerol respectively, 

using the same method mentioned above .Data were presented as the mean ± standard deviation (SD) of 

triplicate for all experiments. 

 

Gravimetric lipid determination: 

A modified method from Bligh and Dyer [35] was performed. 2 g cell mass is mixed with 40 ml solvent of 

a 1:1 (v/v) mixture of chloroform and methanol in a beaker and homogenized with a homogenizer at 11,000 rpm 

for 5 minutes. Afterwards the solvent is put on a magnetic stirrer for 4 hours. Being washed with 8 ml distilled 

water, the mixture is transferred to a falcon tube and vortexed for minimum 10 seconds and transferred into a 

separating funnel. The lower phase was evaporated by a rotary evaporator and weight of the remaining lipids is 

measured gravimetrically. 

 

RESULTS AND DISCUSSION 

 

3.1. Selection of temperature tolerant strains: 

As a first step in our oriented screening process to select the most robust strains which can grow fast with 

high lipid content under a wide temperature range, 19 unicellular strains were cultivated under 40
°
C in BG11 

medium for 12 day. Only 7 out of those 19 isolates were able to grow at 40 °C (fig. 1) 

 
Fig. 1b: Effect of high temperature (40°C) on the growth of the isolated unicellular microalgal strains. Data 

points are the mean value of three replicates. Error bars represent standard deviation.  

 

In order to compare the capability of the isolated species to grow under high temperature, the 19 uni-algal 

cultures were grown firstly at room temperature (22 ± 1) with initial cell count ( 10
6
 -  10

7
/mL) for 2 weeks until 

they reach the stationary phase. Sampling was performed in triplicates every 2 days. Growth was determined by 

measuring the optical density at 700nm and cell counting using Thoma counting chamber.  

These 19 unicellular strains were all isolated from Nile River, Giza region, Egypt. The temperature of water 

at the sampling place was 19
°
C ±2 which indicate that this environment is suitable for mesophilic species to 

grow. All these species grow well under 22
°
C during the isolation process (Date not shown) which indicate that 

they are mostly mesophilic species. Only 7 species can withstand growing under high (40
°
C) temperature, and 

this supported by Monique Ras et al. [12] who reported that the capability of some microalgae species to grow 

under elevated temperature is species-dependant. Except these 7 thermo-tolerant strains, the other 12 strains 

cannot tolerate growing under 40
°
C because the optimum growth temperature for most of microalgae ranged 

between 20 to 30°C and exceeding the optimal temperature by 2–4°C may lead to biomass loss [16]. 

To test the tolerability of these 7 strains to continue growing longer under 40°C, 50% dilution after 15 day 

with fresh BG11 medium to avoid nutrients limitations were done. The strains were incubated under the same 

conditions of temperature (40
°
C) and light intensity 110 ± 2.5 PAR m

-2
 s

-1
 for 35 day. Fig. (2).  
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Fig. 2: Temperature tolerance test of unicellular isolates. Four algae strains tolerated incubation at 40°C for 35 

day. Data points are the mean value of three replicates. Error bars represent standard deviation. 

 

Only 4 species (4EG, 13EG, 17EG and 19EG) continued growing under 40°C which indicated that the 

enzymes and proteins which involved in photosynthesis and cell division not affected or denaturated by high 

temperature over a long incubation time (35 days) which indicate that these 4 species are thermo-tolerant.  

 

3.2. Effect of different growth media on the growth rate: 

The seven promising strains were cultivated in three different growth media. BG11 as a control medium, 

Wuxal fertilizer as economic and simple growth medium and SHU 5% as a simulation medium to waste water 

which can be used in the large scale during the outdoor applications. 

A preliminary test was done (data not shown) to select the best dilution factor of SHU using a model 

organism (Scenedesmus acuminates) from our culture collection. The results indicated that 5%SHU was the best 

concentration.3EG, 13EG, 16EG and 17EG species grown best in BG11 medium followed by Wuxal medium 

and slightly grown in SHU. On the other hand, the other 3 species completely could not grow in SHU.  

Now regarding to the ability of these strains to withstand growing under high temperature and in different 

media quality we have 2out from the 19 isolates seems to be promising (13EG and 17EG). 

 

3.3. Effect of high temperature on the lipid content: 

The selected strains were cultivated under 40°C. Lipid content measured after 5 and 12 day using Nile Red 

assay. As shown in figure (4) lipid content increase by increasing the cultivation period under high temperature 

which indicated that these strains can withstand fast growth (Fig. 2) with high lipid content under high 

temperature [36]. 

 
Fig. 3.1: Growth curve of 16EG strain in BG11, Wuxal and SHU media. Data points are the mean value of three 

replicates. Error bars represent standard deviation. 

 
Fig. 3.2: Growth curve of 17EG strain in BG11, Wuxal and SHU media. Data points are the mean value of three 

replicates. Error bars represent standard deviation. 
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Fig. 3.3: Growth curve of 3EG strain in BG11, Wuxal and SHU media. Data points are the mean value of three 

replicates. Error bars represent standard deviation. 

 

Two out from those seven strains can sustain growing in the 3 different media (17EG and 13EG) as showed 

in (fig. 3.2 and 3.4). BG11 is the best growth medium. 

 
Fig. 3.4: Growth curve of 13EG strain in BG11, Wuxal and SHU media. Data points are the mean value of three 

replicates. Error bars represent standard deviation. 

 
Fig. 4: Effect of high temperature on lipid content of different unicellular algal strains. Lipid content determined 

after 5 and 12 days incubation periods under 40°C using Nile red stain. Data points are the mean value 

of three replicates. Error bars represent standard deviation. 

 

Stress factors (nutrient stress, light, temperature, CO2, and salinity) have been explored to have a critical 

role on the lipid synthesis during microalgae cultivation [37]. Under adverse stress conditions, microalgae tend 

to accumulate neutral lipids to protect cells from photo-oxidation [38,39] and get deposited as intracellular lipid 

bodies (LB) also called triacylglycerides (TAG) which can easily be detected by a fluorescent stain like, Nile 

red [36]. In some microalgae strains, neutral lipid content increased as the temperature increased and this change 

in metabolism may be due to the efficient conversion of intracellular carbohydrates to TAG [36]. Increase in 

temperature leads to changes in cytoplasmic viscosity, dehydration and is responsible for less efficient carbon 

and nitrogen utilization and favoring triacylglycerides (TAG) accumulation [17]. 

Microalgae cultivation under stress facilitates effective enzymatic functions and helps to progress through 

the cascade of carbon fixation to fatty acid metabolism uninterruptedly. On contrary, fluctuating temperatures 

lead to activation of stress tolerant enzymes and thus leads to the accumulation of membrane lipids instead of 

TAGs formation [18]. 

According to our process oriented screening we can proceed outdoor cultivation using our most promising 

strains (13EG and 17EG) because both have relatively high growth rate under 40°C and both can withstand 

growing in stress medium (WM and SHU) with very low concentrations of nitrogen and phosphorus as 

compared with the normal cultivation medium (BG11). In addition, the percent of increase in neutral lipid 

content were 79, 86% and 57.83% for 13EG and 17EG respectively. 
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Fig. 5: Percentage of change in lipid accumulation after 12 incubation day  at 40°C 

 

3.4. Toxcity assay: 

Assessing the toxicity of microalgae strains is essential for furthering the research regarding their viability 

as suitable producers of biodiesel and biogas. The most two promising strains (13EGand 17EG) were tested in 

this experiment and showed satisfying results due to their overall acceptable Artemia salina survival rates, 

allowing them to be studied for further development in outdoor production fig.(6,7). 

 
Fig. 6: Artimia salina hatching steps under light microscope. Cystes before hatching under 40X magnifigtion power(A), 10 

hatched larva in 10 ppm extract under 10X magnifigation power (B) and magnified larva under 100X mignifigation 

power. Photo is taken by Ahmed Mohamed 2015. 

 
Fig. 7: Toxic activity of the extract of the most promising strains (13EG and 17EG) in 3 different concentrations 

on Artemia salina 24h age shrimps. 

As reported by Muylaert et al. [26] algal toxicity is not a problem except when we apply biological methods 

like anaerobic digestion to convert biomass to biofuel or when the biomass after lipid extraction are going to use 

as animal feed. Figure 5 illustrate that the most promising species (13EG and 17EG) are completely not toxic as 

the survival rate at the highest concentration (1000 ppm) is more that 70% which enable us to use these strains 

in outdoor cultivation. The most robust strain (17EG) was molecularly identified as Chlorella sorokiniana 

CMBB 151 with a similarity 100 % and E value of 0.0.  

 

Conclusions: 

Two unicellular strains out from 19 are seems to be promising for outdoor cultivation, as they can withstand 

fast growing under 40°C with high lipid content. Lipid content increased by 0.8 fold 0.7 fold in 13EG and 17EG 

strains respectively when subjected to exceeded incubation period under high temperature.  These robust strains 

can also grow fast in different growth media as compared with the other isolated strains and they are all not 

toxic in advance. 
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