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Abstract: 

 Microalgae produce metabolites that are economically and industrially viable. Due to their growth rate 

and non-competence for land resources with agri products they gain more importance in sustainability point 

of view. In nature, microalgae and various bacterial species exist as symbionts or partners with benefits. 

Modern science extracts the same combination of these organisms or design similar combinations for potential 

production of microalgae in various sectors like energy sector, biofloc technology in aquaculture, agriculture, 

etc…In this study, benefits enjoyed by both the partners and enhanced productivity of end products are 

discussed.  
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1. Introduction: 

Adams et al.,(2019)Sustainable development was the central concept in World conservation strategy 

published in 1980,that is IUCN 1980.Seven years later,Brundtland 1987,World commission on Environment 

and development called for a major shift of culture and policy or a Global agenda for change. In May 1988,the 

President of World bank spoke links between ecology and sound economics in the statement of World bank’s 

policy(Hopper 1988). Thus Greening of development started in 1980’s. Sustainable development replaced 

the term economic development when it became the driving concept in Rio Earth Summit,1992 held by 

United nations Conference on Environment and Development. The representatives of one hundred and 

seventy Governments attended this conference and made a public proclamation to support Environmentally 

Sensitive Economic Development. Fetene et al.,(2012) Convention on biodiversity,1992 is the first global 

agreement that speaks about sustainable use of components of biodiversity. Most of the biodiversity resources 

act as the economic buffer to rural and urban communities. Most of the world’s biodiversity is affected by 

human activity to a full extent. The stability of the ecosystem is directly affected by biodiversity loss. 

Therefore  holistic approaches should be adopted for the conservation and sustainable use of biodiversity for 

the benefits of the community along with that of nature. De Mendonca, Henrique Vieira, et al .,(2021) Over 

consumption of feed stocks ,utilization of natural resources and fossil fuels by exponentially increasing 

population of humans and their needs have created immense pressure to our ecosystem by triggering the levels 

of pollution and over exploitation of existing resources leading to degradation. Microalgal biotechnology is 

an imminent tool to convert waste water, carbondioxide, various organic residues into marketable biomass 

that can be used as biofuel, feedstock, raw material for industries, etc… 

Symbiosis is the relationship between two or more organisms that live close to each other and enjoy 

benefits mutually through biological and chemical interactions. In nature we can come across many organisms 

that live in symbiosis which is an adaptational behaviour and by disturbing one component, the entire system 

will collapse like in the case of zooplankton and the coral reefs. In this review microorganisms micro algae-
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bacteria exhibiting symbiotic relationship can be seen in detail. HongYing Hu et al.,(2018)  cultivated  

Scenedesmus sp LX1 in secondary effluent system  and isolated ten growth promoting bacteria from the 

medium which had the ability to secrete Indole Acetic Acid ,a growth hormone which enhanced the biomass 

production of the micro algae, the process being initiated by secretion of signal molecules from algae to 

bacteria. Thus he proved that two types of interactions are involved in synergistic mutualism, one is by 

exchange of resources and materials and other is by signal molecules exchange. Natrah, Fatin  et al., (2014) 

studied the interactions of bacteria and micro algae in aquaculture. The molecular and biochemical level 

of study on these organisms is complex and species specific along with exchange of nutrients among 

themselves. The combination of micro algae and bacteria together yielded better results than cultivating them 

alone. 

2. Economic potential of bacteria:  

2.1 Lactic Acid Bacteria: 

 Sheeladevi et al.,(2011 )states that Lactic acid is an organic acid that has immense value in food 

industry, cosmetics, pharmaceuticals, precursor for chemicals like, acrylic acid, di lactide, propylene glycol, 

ethyl lactate,…and in the synthesis of Green solvents (Lactate esters).Homo fermentative bacteria like 

Lactobacillus casei, L.plantarum, L. delbrueckii, produce sole end product lactic acid from source glucose. 

On the other hand, heterofermentative LAB convert glucose into ethanol and CO2 along with lactic acid. The 

optimum growth parameters were pH 5.5, temperature 37o C, 10% inoculum level and fermentation period 

of 72 hours and the cell density of the LAB were measured by optical density (OD) at 480 nm in a Double-

beam UV-VIS spectrophotometer. Out of 150g/lit of Glucose L. delbrueckii produced 135g/lit of lactic acid; 

L. plantarum 120 g/lit and L. casei 112.5 g/lit. Lopes et al.,(2014 )in his study describes PLA as a biopolymer  

with excellent biocompatibility and biodegradability which makes it fit for biomedical applications like 

suture, bone fixing material, drug carrier etc…It is obtained by direct condensation or ring-opening 

polymerization of monomer D-lactic acid/L-lactic acid. PLA is one of the prominent raw material for 

bioplastic production. Datsugwai Mohammed et al., (2013) isolated Lactic Acid Bacteria from fermented 

milk products like yoghurt,wara,nono and found 26species are potential producers of bacteriocins.The most 

potent organisms were L.bulgaricus and L.lactis which could produce approximately 6000(Au/ml) 

bacteriocins which can be used as biopreservation agents. Irene Tan et al.,(2007 ) used  (fermented tapioca) 

‘tapai’ and (fermented durian flesh) ‘tempoyak’, chilli puree and fresh goat’s milk  as sources for the isolation 

of lactic acid bacteria (LAB) and found sixteen strains to be homofermentative producing L-lactic acid. 

Muhammad Irshad et al.,(2014) in their review about lactic acid production discusses optimization of 

various low cost agricultural wastes which are rich sources of  ligno cellulose that can be used as substrates. 

The various waste products are Corn stalk, wheat straw, apple waste, pomegranate waste, barley waste, peanut 

husk, banana waste, sugarcane waste,…Sahoo et al.,(2019) from his study observed that Lactobacillus 

delbrueckii and engineered strain of Lactococcus lactis on co culturing yielded 44.8 g/lit of D-lactic acid 

which is approximately two folds greater than monoculture which is 19.2 g/lit and on serial culture obtained  

17.98g/lit from a low cost substrate like whey permeate. 

 

Picture 1,2 “Molecular structure of Lactic acid” 
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Picture 3”Fermented products” 

2.2 Biofertilizer: 

 Nagalalakshmi et al., (2014) Phosphorous plays a major role in cell division, respiration, 

photosynthesis, energy transfer and storage. Most of the phosphorous is available as insoluble phosphates of 

iron, aluminium, calcium. Phosphate solubilizing bacteria increases the bioavailability of phosphates by 

production of organic acids that can chelate the cationic group. The organisms with phosphate solubilizing 

capability are Rhizobium, Pseudomonas, Agrobacterium, Azospirillum, Acinetobacter, Bacillus, and 

Phosphate solubilizing efficiency can be calculated by measuring the halozone around colony growth in 

Pikovskaya’s medium. Vivek Kumar et al., (2001) in his study inoculated phosphate-solubilizing bacterium 

P. striata,to vermicompost and found the results to be 1.10(g/100g) of phosphorous initially and at the day 

60,found it to be 1.97(g/100g) with 1%MRP. 

Cassan et al., (2020) Azospirillum spp. are known for its plant growth promoting activities like nitrogen 

fixation,phosphate solubilization, phyto hormone secretion…Other than this, various species  of azospirillum 

are capable of bioremediation and recovery  of contaminated and depleted soil. Co inoculation of azospirillum 

with rhizobia in leguminous plants act as better biofertilisers enhancing productivity,similarly azospirillum 

with green microalgae as symbionts extend their application far more than agriculture. Galindo et al., (2019) 

studied the effects of Azospirillum brasilense inoculated in wheat plant along with calcium and magnesium 

silicates fortified to the soil as silicon source. The results with or without inoculation of A.brasilense showed 

increase in wheat grain yield. That is silicon application increased the number of spikes per meter and also 

number of grains in a spikelet when compared to lime application. Hence fortification with Si should be 

intensely studied in various aspects for better crop productivity. Hungria et al., (2010) A. brasilense strains 

Ab-V4, Ab-V5, Ab-V6 and Ab-V7 increased grain yields by 24-30% in maize plant and A. brasilense strains 

Ab-V1, Ab-V5, Ab-V6 and Ab-V8 were very effective, increasing yields by 13-18% in wheat plant. 

Raja Banerjee et al.,(2014) extracted Melanin pigment from safe viable source of species Azotobacter 

chroococcum which is a nitrogen fixing PGPR-plant growth promoting rhizobacteria,that can be used as a 

protective agent against UV radiation and gamma radiation. Kovacki et al.,(2001) states that Azotobacter 

spp,free living nitrogen fixing bacteria in rhizosphere of various plants can also produce phyto hormones like 

auxins, Giberellic acid, cytokinins and enhances plant growth. Vivek Kumar et al.,(2001) observed in his 

study about the  increase in nitrogen (N) content by enrichment of vermicompost with Azotobacter spp. Initial 

concentration of N content in the vermicompost was found to be 1.40(g/100g).On inoculation with 

Azotobacter chroococcum (Mac27) ,N content increased to 2.72(g/100g) on 60th day. 

Other than direct mechanisms of improving growth factors of PGPB,they are also involved in indirect 

mechanisms like production of biomolecules like siderophores, biosurfactants, exo poly saccharides, 

enzymes, antibiotics,…improving the tolerance of plant to various abiotic stresses like drought, high 

temperature and salinity stress and bioremediation of contaminated soil in the rhizosphere. Naili  et al. ,(2018) 

studied the two halotolerant bacteria Piscibacillus salipiscarius E5 and Halomonas sp. G11, isolated from 
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two salt lakes in Tunisian desert as co inoculants in wheat plant. On inducing salt stress at altered levels in 

the wheat plant along with co inoculation by these two organisms improved shoot length, root length, and 

enhanced crop growth. From these results it is clear that halo tolerant PGPB can be used as an effective tool 

under stress conditions towards sustainable agriculture. Mukhtar et. al.(2020) studied five halophilic 

bacterial strains Bacillus safensis HL1HP11 and Bacillus pumilus HL3RS14, Kocuria rosea HL1RP8, 

Enterobacter aerogenes AT1HP4 and Aeromonas veronii AT1RP10 as inoculants in maize plant under salinity 

stress. Out of the five strains, Bacillus HL3RS14 showed increased shoot length (52-131%) and increased root 

length (48-124%) when compared to the control. Under salinity stress, there was increased production of 

proline, glycine betaine and MDA-malondialdehyde contents of leaf tissues and hence the results state that 

halophilic PGPB can be used as effective seed coats and biofertilizer under stress conditions. Banerjee, 

Aparna et al.,(2019) observed harsh environmental conditions make salt-tolerant plant growth-promoting 

rhizobacteria (PGPR) to produce biofilms and EPS to alleviate salinity stress to the plant along with 

production of phyto hormones. Bacteria like Azospirillum, Microbacterium and Rhizobium are rhizobacteria 

that produce EPS. But halophilic bacteria like Halomonas, Kushneria, Planococcus, Thalassobacillus and 

Oceanobacillus alleviate salinity stress when co-cultivated with plants under salt stress.Alexander et 

al.,(2020) found in his study the potential of halotolerant bacterium Stenotrophomonas maltophilia BJ01,in 

peanut under salt stress to increase proline content, auxin, amino acid content, and protection of chlorophyll 

pigment. The potential to thrive under harsh environments and nitrogen fixing ability of this strain makes it 

ample for plant growth promotion under salinity stress in leguminous plants. 

 

Pictures”4,5,6 of “PGPR” 

3. Economic potential of micro algae/cyanobacteria: 

3.1 Bioethanol production: 

(Rempel, Alan, et al., 2019) cultivated Spirulina platensis in open miniature raceways and the biomass 

obtained was hydrolysed enzymatically to breakdown polysaccharides into simple monomers for efficient bio 

ethanol conversion. The yeast S. cerevisiae CAT-1 inoculum was used for fermentation process to yield 13,945 

kJ.kg−1 bioethanol and biomethane obtained from residues of saccharification and fermentation process in 

total. In this method, 83% energy efficiency was observed. Takahashi et al., (2000) in their study used 

Escherichia coli KO11, containing the pdc and adh genes from Zymomonas mobilis and genes for resistance 
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to chloramphenicol integrated into its chromosome, for bio ethanol fermentation. They used corn steep 

powder as the substrate and obtained a yield of 39.81g/lit of ethanol. From mixed sugars hydrolysate medium 

obtained approximately 25g/lit of ethanol and from hydrolysate of sugarcane bagasse obtained a yield of 

30.65g/lit. Peer Schenk et al.,( 2012) discussed in their review about increased lipids and fatty acid content 

of micro algae due to stress factors like salinity, increase in temperature, induction by irradiation. Nutrient 

starvation conditions increase accumulation of lipids which leads to increased biodiesel production especially, 

nitrogen starvation led to 16.41% increase in lipids in chlorella vulgaris, 15.31% increase in Nannochloropsis 

oculate, Scenedesmus sp increase was found to be 30% and in Dunaliella five times increase was observed. 

3.2 Power generation: 

Habib et al.,(2012) in their study utilized municipal waste from Dhaka city, Bangladesh to generate 

biomethane by anaerobic digestion .This is used as the primary source of energy for their Magneto Hydro 

Dynamic Generator which works on the principle that high temperature gases on applying magnetic field 

produces electricity. They created an algal pond which uses carbon di oxide to produce biomass which yields 

algal biodiesel which is the secondary source of input for their MHD generator. Combustion of biomethane 

and biodiesel gave input high temperature feed. The working efficiency of the generator was 60% yielding 

90.6MW electricity in 24hrs. 

3.3 Biogas production: 

 Biogas is a gas mixture comprising mainly of methane and carbon di oxide which is used as fuel or 

feed for energy generation. It can be obtained by fermentation of organic matter by various microorganisms 

like bacteria, fungi and yeast. Raw material for biogas production can be collected from agricultural wastes, 

municipal domestic waste and industrial wastes which are rich in organic content. Selection of these wastes 

as raw material leads to sustainable development along with proper disposal of wastes. Dobre et al.,(2014) 

From their overview makes it clear that in the two steps involved in methane production from various organic 

wastes, pH should be maintained at 5.2-6.3  and C/N ratio must be between 10-45 in the hydrolytic step .In 

the second step of methanogenesis, pH of the medium must be  6.7-7.5 and C/N ratio must be 20-30.For single 

stage digestion C/N ratio must be in the range of 15-25.Also pretreatment of the substrate, optimum 

temperature and proper retention time will enhance the methane production. Achinas et al.,(2017) in their 

study analyses about biogas production potential in Europe and lists that top five biogas producers are 

Germany which has 8000 units, Italy has 1491 units, UK has 813 units, France has 736 units, Switzerland has 

633 operating units .The total production potential in European Union is 7934(toe) in the year 2009 and the 

production almost doubled in the year 2016 with an yield 14120(toe)-Tonne oil equivalents. There are so 

many hurdles in converting diverse range of waste products into value added products, like pretreatment of 

the waste, microbe that can utilize the waste efficiently, inhibitors produced during the process and so on. 

3.4 Versatility of Spirulina:  

Spirulina has a wide usage in aquaculture improving the immunity as well as protein content in fishes 

and other aquatic fauna. El Kassas et al.,(2015) from their study found Myristic Acid  and Pentadecanoic 

Acid  which are saturated fatty acids present abundant in Arthospira platensis were found to be more 

beneficial for Brachionus plicatilis rotifer to improve their growth rate and protein content. Wuang, Shy Chyi, 

et al .,(2016) in their study reveals the potential of spirulina as a phyto remediation agent removing ammonia 

and nitrate efficiently from fish waste water obtained from  catfish (Pangasius hypophthalmus) reared in 

Temasek Aquaculture Facility,Singapore .Also A.platensis thus cultivated in waste water can be used as a 

biofertiliser in crops like Bayam Red, Arugula and Pak Choy .Growth factors like plant height, number of 

leaves, chlorophyll content, root length, dry weight increased by 20-50% approximately at the harvest on 

applying spirulina as fertilizer. Holman et al. (2012) showed that six months old lambs of sheep fed with 

spirulina gained more weight than control depicting its potential as an efficient animal feed. Kulpys et al., 

(2009 )showed that dairy cows fed with spirulina gave milk in high quantity with high protein enrichment. 

Peiretti and Meineri (2009) studied the effects of spirulina supplementation in rabbits and found increased 

productivity, health, meat content rich in PUFA and protein. Toyomizu et al. (2001) showed that spirulina 

meal can act as good chicken feed increasing muscle redness in broilers; Sujatha and Narahari (2011), 

Qureshi et al. (1996) observed in their study on white leghorns, increased body weight as well as enhanced 
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protein content in egg yolk and better immunity. World Health Organisation has approved spirulina as a 

prominent tool against malnutrition and anaemia owing to its high protein, PUFA,wide array of micronutrients 

and vitamins. It is a GRAS level algae that can be utilized as a food supplement by humans. 

 

3.5 Waste water treatment: 

Ahmad, Farooq, et al., (2014) There are various mechanisms involved in pathogenic coliform 

removal by algae cultivation in sewage waste water. Algae produce long chain fatty acids which are toxic 

to coliforms, and competition for nutrients also counts in the survival, release of oxygen into the 

environment and utilization of carbon di oxide increases the coliform die-off rates. By adhesion or 

attachment to algal cells, coliforms can be removed. Rhizoclonium implexum was used in this study which 

was very effective in faecal coliform and total coliform removal to 100%.This proves algae can be utilized 

in sewage treatment plants. Robert Penchovsky et al., (2021) discusses in their review about most potent 

organisms in waste water treatment or bioremediation process and various types of photo bio reactors and 

raceway ponds that are in practice. The most common organisms are Pediastrum sp., Chlorella sp., 

Scenedesmus sp., and cyanobacteria Gloeothece sp, C.vulgaris, C.sorokiniana, Halochlorella rubescens, 

Sphaeropleales, Algae-bacteria consortium in treating diverse range of waste waters. Olivia Spain et al., 

(2020)The functional groups carboxyl, hydroxyl, sulfate, sulfhydryl (thiol), phosphate, amino, amide, 

thioether, phenol, carbonyl (ketone), imidazole, phosphonate, and phosphodiester present in the cell wall 

of micro algae have the properties  in metal binding and hence they are efficient in heavy metal removal in 

waste water. Even dead algal cells which are in dry powder form are more efficient in adhesion of heavy 

metals like cadmium, chromium, arsenic, copper, lead, zinc, mercury and are used in the heavy metal 

removal. Chan, Alison, Hamidreza Salsali,  Ed McBean et al.,(2014) found three algal species Chlorella 

vulgaris, Spirulina maxima, Synechocystis sp. removed 81% of copper and 94% of zinc from waste water 

in 10days. 

3.6 Biofertiliser: 

Supraja , Bunushree Behera,  Balasubramanian., (2020) A mixed consortium of microalgae 

consisting mainly of Chlorella sp., Scenedesmus sp., Spirulina sp., and Synechocystis sp., are cultivated and 

the dry biomass is extracted. The algal extracts were sprayed to the tomato seeds and foliage for 20 days 

observation. The results obtained showed positive effects on fresh weight, shoot length, chlorophyll content 

in the plants thus proving algal potential as biostimulants. Chatterjee  et al., (2017) Some frequent varieties 

of cyanobacteria in paddy fields are Anabaena,Nostoc, Phormidium  Aulosira, Cylindrospermum, Fischerella, 

Lyngbya, Plectonema, and Stigonema . Salinity is the main factor responsible for shifts in diversity in paddy 

fields; Blue green algae and brown algae are most commonly used in agri fields for nitrogen fixation and 

amelioration of sodic soil. These microorganisms are good chelators of metal ions, through gelatinous sheath 

formation, they chelate trace elements like Fe, Cu, Mo, Zn, Co, and Mn from insoluble forms and make them 

available for plant growth. Kaur, Rajinder, Dinesh Goyal et al.,(2019) in their study observed that out of  

four ARM blue green algal strains used, viz. Anabaena variabilis (ARM 441), Nostoc muscorum (ARM 

442), Tolypothrix tenuis (ARM 443) and Aulosira fertilissima (ARM 444) using different carrier materials, 

i.e. fly ash (100%), soil (100%), montmorillonite (100%), fly ash + soil (1:1) and fly ash + montmorillonite 

(1:1), fly ash with combination of soil (1:1) was observed as a good carrier material giving high grain yield. 

Jadhav ,  Talekar et al.,(2020) found that in soya bean plant application of blue green algae, increased plant 

growth in terms of number of leaves, number of branches, increased shoot length, etc.. 
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“Pictures7,8,9,10,11,12,13 of Micro algae” 
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Pictures  13,14 “Heavy metal bindinding by micro algae” 

4. Synergism by co culturing:  

 Xue Feiyan et al., (2010)Mix cultivation of Spirulina platensis and yeast Rhodotorula glutinis in the 

monosodium glutamate wastewater increased the total biomass production (3673mg/lit from 1905mg/lit of 

sum of single cultivation) and lipid production (467mg/lit from 148mg/lit of sum of single cultivation).The 

photosynthetic activity of S.platensis released oxygen into the environment which was observed by increase 

in (DO) Dissolved Oxygen of the medium. This oxygen created aerobic feasible environment for the yeast 

metabolism reminding us of the evolutionary concept of the oxygen deprived prehistoric days .The yeast 

produced various metabolites like ethanol, ethyl butyrate, 1-propanol which are used by S.platensis. In the 

bioremediation point of view ,synergism between these two organisms yielded 73%COD removal and 35% 

ammonium nitrogen removal. Oh et al.,(2014) patented the combination of Rhizobium sp. KB10 and 

Bolryococcus braunii and saw that  coculturing increased the algal production by nine times and observed 

enhanced oleate-C18 production. Wrede Digby et al.,(2014) in their study observed the following  results 

.Thraustochytrid sp and T. chuii and A.fumigatus on co cultivation yielded increased biomass production, 

lipid production and enhanced bioremediation potential of the organisms due to synergic effect in waste water 

treatment. In co culturing methods, bacterial cells induce flocculation efficiency of microalgae which is 

witnessed in the study by (Wan, chun et al., 2013).Solibacillus silvestris increased the flocculation efficiency 

up to 90% in Nannochloropsis oceanica during harvesting. Similar results were obtained by Bacillus sp. Strain 

RP1137 in flocculation of Nannochloropsis oceanica by Powell, Hill et al.,(2013) with increase in rate of 

harvest  forming aggregates in 30seconds. Pepi,Milva et al.,(2003) showed that coculturing or symbiosis 

between microorganisms can lead from degraded polluted environment to sustainable development. 

Pseudomonas putida, Acinetobacter venetianus,and Alcaligenes faecalis in mixed cultivation showed 

enhanced potential in degrading hydrocarbons n-alkanes and n-alkanols to alkanoates and fatty acids which 

are economically viable. 

 Xu,Ming et al.,(2020) Endophytic bacteria S395-1 and S395-2 isolated from biogas slurry, on 

cocultivation with Chlorella vulgaris was tested for its efficiency in treating waste water and enhancing biogas 

quality. This symbiotic relationship between the microalgae and endophytic bacteria resulted in COD removal 

efficiency 93.32% from the biogas production setup using waste water as well as 92.60% nitrogen removal, 

92.72% phosphorous removal, and 69.82% carbon di oxide removal.  Guo ,  Tong et al.,(2014) studied the 

photo autotrophic and photo heterotrophic interactions of  Chlorella vulgaris ATCC13482 with symbiotic 

bacteria Pseudomonas alcaligenes, Elizabethkingia miricola and Methylobacterium radiotolerans. Out of the 

three bacterial species only Pseudomonas alcaligenes enhanced the algal production by 1.4 times along with 

increased chlorophyll content.  Ferro, Lorenza et al.,(2019) found that Chlorella vulgaris on co cultivation 

with Rhizobium sp,under mixotrophic conditions, yielded three times increased biomass production and 
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thirteen fold increased fatty acid content along with TOC removal-58%,total nitrogen-41% and total 

phosphorous -44% from the municipal waste water. 

 Sandhya ,Vijayan et al., (2019) The marine microalga Isochrysis galbana MBTDCMFRI S002 which 

is used as fish feed is cultivated along with two bacterial symbionts- Alteromonas sp. (MBTDCMFRI Mab 

25) and Labrenzia sp. (MBTDCMFRI Mab 26). Both Alteromonas sp. Mab 25 and Labrenzia sp. Mab 26 

exhibited mutualism, receiving nutrients from the microalgae I.galbana and improved the growth rate and 

biomass accumulation of the algae by producing siderophores and indole acetic acid. Cao, JiaYi et al., (2021) 

studied the effects of heterotrophic bacteria Alteromonas macleodii upon coculturing in the microalgae 

Isochrysis galbana. Coculturing increased the carbon fixing mechanism and photosynthetic activity of the 

micro algae. (Hill, Eric et al., (2017)The coculture of the cyanobacterium, Synechococcus PCC 7002 and  the 

methanotrophic bacterium, Methylomicrobium alcaliphilum 20z yielded increased biomass production 33.04 

± 0.55 Cmmol h−1 m−2 compared to single culture of the individuals 18.57 ± 0.09 and 14.47 ± 0.04 Cmmol 

h−1 m−2, respectively. In this co cultivation, green gas houses methane and carbon dioxide are converted into 

microbial biomass. Biller et al.,(2016) studied Prochlorococcus, the  dominant oceanic cyanobacterium in co 

culture with heterotrophic bacterium Alteromonas macleodii MIT1002.They studied the transcripts of  the 

encoding DNA after cocultivation and obtained the results for  the cyanobacterium as it  experienced increased 

stress tolerance factors ,increased synthesis of biomolecules and ribosomal proteins and increased photo 

system activities including carbon source usage. Beliaev, Alexander et al., (2014) observed unicellular 

cyanobacterium Synechococcus sp. PCC 7002 and the marine facultative aerobe Shewanella putrefaciens W3-

18-1 to their growth in a co-culture and inferred the effects of carbon flux distributions on photoautotroph–

heterotroph interactions. The bacterial species are good chelators of iron and increased the iron availability to 

cyano bacterium in this co culture. Stevenson et al., (2005) In natural aquatic environments, heterotrophic 

bacteria are found to be in close associations with cyanobacteria which have the potential of nitrogen fixing. 

Rhizobium sp. WH2K and cyanobacterium Anabaena sp. SSM-00 are observed in this study. This symbiotic 

and mutualistic relationship is always species specific. This assemblage was isolated from a brackish marsh 

located in Woods Hole, Massachusett. Lian, Jie et al., (2018) in their review on co culturing speaks in detail 

how micro algae-bacteria associations result in increased biomass production, high salt tolerance and thermal 

tolerance of the microorganisms. Their study reveals that bacterial co cultures in algal production led to 

reduced consumption of fertilisers and nutrients. In the downstream process, flocculation efficiency is 

improved due to algae- bacterial co culturing. Bacterial metabolites produced which have antimicrobial 

properties, prevent harmful invaders and increase algae survival rate. In waste water treatments, synergic 

effects result in better removal efficiency of nutrients, pollutants and heavy metals. 
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Table 1-Bacteria-Micro algae in coculture 

S.No Literature Organisms in coculture Benefits 

1 Luo et al.,2014       Microalgae (Selenastrum 

capricornutum)& Bacteria 

(Mycobacteriumsp. strain A1-PYR) 

  Faster degradation  of  Pyrene 

by                                                                                                                          

      Consortium. 

2 Seyedsayamdost et al., 

2011 

Phaeobacter gallaeciensis,   Emiliania 

huxleyi   Algae 

Phenylacetic acid,growth  

Hormone,& antibiotic ( 

tropodithietic acid) by 

bacteria,  Carbon fixing by 

algae. 

3  

Amin et al.,2009 

 Roseobacter and Marinobacter 

Scrippsiella trochoidea,micro alga 

Siderophore vibrioferrin by 

bacteria,Dissolved organic 

Matter by algae. 

4 Praveen,Prashant, Kai-

Chee Loh   et al.,2015 

                                                                                                                   

Immobilized   Chlorella vulgaris and     

Pseudomonas putida                                                                    

PositiveCO2/O2 gas 

exchange, 30%increased 

chlorophyll content in algae 

5 Kazamia,Elena,                                       

et al.,2012                                                    

L. rostrata and  M.loti                                                                                                            Exchange of vitamin B12 and 

carbon source for survival 

6 Xie B, Bishop S,                               

Stessman D,                                               

et al.,2013                                         

 

Sinorhizobium meliloti 1021  Bacterium 

and  Chlamydomonas reinhardtii alga                                                                                                   

Enhancement of thermal  

tolerance in algae 

7 Kim, Byung-Hyuk,                               

et al.,2014                                                                                                             

 

Rhizobium sp,&  microalgae C. 

reinhardtii, C. vulgaris, Scenedesmus 

sp., B. braunii                                           

Enhanced growth rate 

8 Mohamed et al.,                                             

   2008                                                                                                  

Mycale laxissima  and   Acido bacteria                         Prevention of pathogens  in 

aquacultured sponges                                                                                  

9 Wang ,                                                       

Hui et al.,2012                                               

 

 

Nannochloropsis oceanica IMET1   and 

bacterial strain HW001       

Biofuel harvesting 

10 Tiron Olga , Bumbac C,                                                                                                          

Postolache.C et al.,2014 

 

Mixed consortium of chlorella sp. & 

bacteria                                                    

91%COD removal,68% 

N,38%P removal   

11 Liang,                                                                        

Zhijie, et al.,2013                                                   

 

Chlorella vulgaris,  Bacillus 

licheniformis                                       

86% ammonium,93% 

phosphorous removal   

 

12 Rasouli,    Zahra                                                         

et al.,2018                                  

Chlorella sorokiniana, Methylococcus 

capsulatus                                                                                                                                                                                                                                                         

          

                            

Single cell protein 

13 G. Mujtaba, 

M. Rizwan,                                            

K. Lee, et al.,2015  

 

Chlorella vulgaris AG30007 and   

bacterium Pseudomonas putida ATCC 

17514   

Better COD removal,80% 

nitrogen removal, 60% 

phosphorous removal 

14 Makut, Bidhu Bhusan,                        

Debasish Das,                                         

And Gargi Goswami                           

et al.,2019 

                                                                    

Chlorella sorokiniana strain DBWC2 & 

Chlorella sp. strain DBWC7, microalgae 

and bacterial species  Klebsiella 

pneumoniae strain ORWB1   & 

Acinetobacter calcoaceticus                                                                       

strain ORWB3                                                     

Biomass 2.84g/l nitrate 

removal 82.27% COD 

removal 93.59% 
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“Pictures 15,16 of micro algae co culture with symbionts” 
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5.Conclusion & Perspective: 

 From this study it is clear that microalgal cultivation can yield high productivity with limited water 

supply & nutrients and less land resources. Cultivation of micro algae like A.platensis is a zero waste economy 

or circular economy .It is cultivated in high alkaline water and water should be exchanged in tanks in 2-3 

months after few loads of harvests are done. This waste water can be used to cultivate plants tolerable to 

salinity stress and thermal stress like aloe vera, jatropha, pongamia pinnata which yield various products of 

economic value. Microalgae produced is rich in protein fatty acids and exo poly saccharides and the dry 

powder form of algae can be used as substrate for various metabolites production. Bacterial species are also 

exploited in many fields. Fermentation products, extracellular and intra cellular biomolecules production are 

done by diverse range of bacterial species. Synergic effects of microalgae-bacteria are very ancient in the 

process of evolution. Presence of bacteria in algal culture was considered as contamination in old times. But 

recent studies have revealed the fact that certain species of microalgae –bacteria can exist in symbiosis 

yielding exponential growth rate in biomass production as well as metabolites production. Apart from these 

direct benefits, these microorganisms are involved in elementary cycles (N, C, S, and P) in nature which are 

very complicated. Greenhouse gases like methane, carbon di oxide, benzene, and toluene are released by 

microbial action which induces global warming. Mankind is not aware of this scale of methane production by 

infinite lump loads of bacteria present in nature. The need of the hour is carbon cutting which can be done by 

promoting micro algal cultivation which are photosynthetic organisms that can fix carbon biologically in 

exponential growth phase when compared to plants. Species of bacteria and micro algae that can exist in 

symbiosis should be explored intensely so that mankind is benefited directly by the products obtained as well 

as indirect benefits added to the biosphere in the form of reduced greenhouse emissions. 
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