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          A B S T R A C T                      

Introduction  

Associations between algae and bacteria 
are common, and studies have generally 
focused on the benefits provided to the 
bacteria, such as support of bacterial 
growth by dissolved organic carbon 
released by algal cells (Rier and 
Stevenson, 2002). Certain microorganisms 
have been shown to provide their host 
algae with growth factors, nutrients, or 
protection. In aquaculture, micro algae are 
widely used as an indispensable food 
source in the commercial rearing of all 
growth stages of bivalve molluscs, larval 
stages of crustaceans and early growth 
stages of fishes (FAO, 1996; Norman et 
al., 2010). An extensive review of the     

nutritional aspects of micro-algae used in 
mariculture of bivalve molluscs, 
crustaceans, and fish is presented in 
Brown et al. (1989) and this micro alga is 
believed to play a role in stabilizing the 
water quality, nutrition of the larvae, and 
microbial control (Riquelme et al., 1997).  
Algae can be produced using a wide 
variety of methods, ranging from closely 
controlled laboratory methods to less 
predictable methods in outdoor tanks.    

However, due to the nutrient enrichment 
for micro algal development, the 
possibility of developing microorganisms, 
like bacteria are high in various systems.  
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In natural systems phytoplankton interact with planktonic (free living) and attached 
epiphytic bacteria both synergistically and antagonistically.  The specificity of the 
association with micro algae and bacteria differs in terms of adhesion mechanisms 
and metabolic cooperation.  Present research was carried out to study the effect of 
bacterial isolates namely Bacillus sp. and Pseudomonas sp. from algal culture 
systems on the growth of micro algae such as Chaetoceros calcitrans and 
Nannochloropsis oculata. C. calcitrans (F= 15.34; P<0.05) and N. oculata 
(F=12.52; P<0.05) showed significantly higher growth, in treatments with Bacillus 
sp. and Pseudomonas sp when compared to control. 
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They are common inhabitants of micro 
algae cultures and may even contribute to 
the success of these cultures by leaking 
essential vitamins into the medium 
(Mason, 1963).  Since many bacteria and 
micro algae are demonstrated to have 
close interactions, the bacterial population 
developed in the culture interacts with the 
micro algae. The numbers of bacteria in a 
micro algae culture is usually small during 
exponential growth and increases as algal 
cells die and release organic compounds to 
the medium. Chaetoceros calcitrans and 
Nannochloropsis oculata are widely used 
in aquaculture industries, as it is 
comprised of nutritional value suitable for 
most marine filter feeders especially for 
larval rearing of penaeid shrimp and 
bivalves (FAO, 1996; Ju et al., 2009). The 
present study is aimed at establishing the 
variation in growth of the algae when 
cultured in association with bacteria viz. 
Bacillus and Pseudomonas that are 
isolated from the mass culture systems of 
micro algae.    
                                        
Materials and Methods  

Pure cultures of these micro algae C. 
calcitrans and N. oculata, were obtained 
from the Central Marine Fisheries 
Research Institute, Cochin, India and are 
maintained at 25 oC with 2000 lux 
fluorescent light with 24 h light period, 
using Guillard s F/2 medium (Guillard, 
1975) and axenic cultures were developed 
(Hoff and Snell, 1987; Gopinathan, 1996). 
The stock cultures of algae were 
maintained to a cell density approximately 
3.0 x 108 cells ml-1 and transferred to the 
test flask to attain initial cell density of 6.0 
x 104 cells ml-1. Bacterial strains (Bacillus 
and Pseudomonas) used in the present 
study were isolated from the algal culture 
systems. Water from the algal culture 
systems were filtered through 40  mesh 

and inoculated to Zobell s marine agar 
plates.  Most frequently occurring colonies 
were selected, isolated, purified and 
characterized following Buchanan and 
Gibbons (1974).  Bacillus and 
Pseudomonas cultures thus isolated were 
selected for the present study because of 
its proven role as probiotics (Intriago and 
Jones, 1993; Gorospe et al., 1996).   

A completely randomized experimental 
design was followed for assessing the 
effect of two bacterial strains on the 
growth of microalgae.  Selected bacterial 
isolates were inoculated aseptically into 
Zobell s marine broth and incubated for 48 
h. at 37 oC.  The grown cultures were 
centrifuged at 3075 g to harvest the cells. 
The cell pellet was then re-suspended in 
10 ml sterile neutral buffer and serially 
diluted to achieve the required cell density 
before inoculating the treatments. Two ml 
each of the diluted bacterial suspension 
was used to inoculate the treatments.  
Soon after the inoculation, initial micro 
algal cell density (cells ml-1) and bacterial 
counts (cfu ml-1) in control and treatments 
were determined by haemocytometer 
counts and spread plate method on nutrient 
agar plates respectively. Samples were 
drawn aseptically from the control and 
treatments using sterile micropipettes at 
designated time intervals, serially diluted 
and the cell numbers of micro algae and 
bacteria were determined.  Micro algal cell 
density was assessed on a daily basis and 
bacterial count was taken in every third 
day. All the experiments were done in 
1000 ml Erlenmeyer flask with four 
replicates. The mean algal density in 
treatments and control on 12th day of 
culture, when the cultures showed 
maximum growth, were compared using 
one-way ANOVA. Tukey's test was 
employed to detect significant differences 
among treatments at the 0.05 significance 
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level. The data are expressed as mean ± 
standard deviation of four observations.    

Results and Discussion  

Growth of C. calcitrans and Bacillus sp. 
when grown separately as control and in 
mixed cultures is given in Fig. 1.  C. 
calcitrans attained first peak of growth on 
8th day both in control and with inoculum 
of Bacillus. Maximum cell density of C. 
calcitrans recorded in control (1.58 x 106 

cells ml-1 on 8th day) was much lower than 
those achieved in the treatment with 
Bacillus (2.19 x 106 cells ml-1 on 11th day).  
C. calcitrans attained a maximum cell 
density of 2.09 x 106 cells ml-1 in 9th day 
and the peak extended up to 12th day  
when cultured with Pseudomonas sp (Fig. 
2). The growth of C. calcitrans is found to 
be significantly high in treatments with 
Bacillus and Pseudomonas (F= 15.34; 
P<0.05) when compared to control.  

Growth pattern of N. oculata, when 
cultured with Bacillus sp. is given in Fig 3.  
N. occulata attained a cell density of 6.0 x 
106 cells ml-1 in control on 8th day and 
stationary phase prolonged for two days.  
Whereas, N. occulata grown with Bacillus 
and Pseudomonas attained peak cell 
density on 13th and 11th day with 1.34 x 
107 cells ml-1 and 1.28 x 107 cells ml-1 

respectively (Fig. 3 and 4). The cell 
density of N. oculata was significantly 
higher in both the treatment groups, 
though the peak was achieved bit later 
than in the control.  Significantly higher 
growth of N. oculata, when compared to 
control could be observed in treatments 
with Bacillus and Pseudomonas (F=12.52; 
P<0.05).  

In control, both Bacillus sp. and 
Pseudomonas sp. attained maximum 
growth by 6th and 9th day respectively and 

showed a meager decline in the population 
still 12th day. Stationary phase of the micro 
algae, N. occulata was found to be less 
prominent when grown with bacteria as 
we observed by a sudden decline in 
biomass after reaching the peak.  However 
in C. calcitrans the stationary phase 
prolongs upto 4 days when grown with 
bacteria (2.00 x 106 cells ml-1, 8th to 12th 

day) and retain its cell density of 1.50 x 
106 cells ml-1 up to the end of the 
experiment (14th day).  

In nature the bacteria and algae probably 
co-exit under most conditions, as they may 
be shown to do in continuous culture 
where only slight inverse fluctuations 
between algal and bacterial biomasses can 
be observed (Daft et al., 1975). Bacteria 
may stimulate algal growth in various 
ways. These range from the very specific 
effects caused by the production of 
extracellular essential growth factors to 
more general effects such as those in 
which the bacterial flora may alter the 
partial pressure of CO2 and partial 
pressure of O2 and in this way affect the 
algal photosynthesis, photorespiration and 
ultimately growth (Tolbert, 1974). The 
relationship between algae and 
heterotrophic bacteria develops primarily 
when bacteria assimilate dissolved organic 
matter (DOM) that is generated from algae 
via processes including rupture and 
degradation of cells during grazing, viral 
lysis, direct extracellular release of 
dissolved photosynthate, and algal 
production of exopolymeric substances 
(Krembs et al., 2002). Co-variation 
between algae and bacteria is often 
thought to reflect the reliance of bacteria 
on algae for their organic carbon 
requirements (Gasol and Duarte, 2000) 
given that up to 50% of algal primary 
production is released as DOC and algal-
released DOC may support up to 95% of  
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Figure.1 Growth of micro algae, Chaetoceros calcitrans and bacteria, Bacillus sp. in              

control and mixed culture 

 

Figure.2 Growth of micro algae, Chaetoceros calcitrans and bacteria Pseudomonas sp.                
in control and mixed culture  
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Figure.3 Growth of micro algae, Nannochloropsis occulata and bacteria, Bacillus sp.  

in control and mixed culture  

  

Fig.4 Growth of micro algae, Nannochloropsis occulata and bacteria, Pseudomonas sp.  
in control and mixed culture.  
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bacterial production (Lyche et al., 1996). 
Algal-bacterial co-variation could also 
stem from similar responses of both 
groups of organisms to common regulating 
factors such as the supply of inorganic 
nutrients (Coveney and Wetzel, 1995; Rier 
and Stevenson, 2001).  

The results of the present experiment 
revealed that the addition of bacteria in 
algal culture media, in the case of two 
micro algae such as C. calcitrans and N. 
oculata showed marked increase in cell 
density when compared to the control. 
Mouget (1995) reported that algal growth 
enhancement by bacteria is mainly by 
consumption of photosynthetic oxygen. 
Bacteria, such as Pseudomonas diminuta 
and P. vesicularis are found to stimulate 
the growth of algae.  Microbiologically 
pure cultures of green and blue green algae 
consumed amino acid from growth 
medium without any protein degradation.  
The test microorganisms such as 
Pseudomonas sp., and Bacillus sp. were 
found to exhibit good amylolytic, 
proteolytic and lipolytic activity (results 
not shown). Substantial proteolytic activity 
was detected in bacterial, mixed algal and 
bacterial culture and in natural reservoirs.   

It was reported that bacterial activities in 
terms of exoenzymatic rates and secondary 
production were two folds higher in the 
water within macroalgal beds, than in the 
open water. These preliminary results 
suggest that high macroalgal biomass 
represents a hot spot of bacterial density 
(Sadchikov and Marakov, 2000) and 
activity that may affect microbiological 
quality of water (Bartoli et al., 2005). 
However there are report between bacteria 
and algae for inorganic nutrients and 
potentially inhibitory compound to 
bacterial growth (Fisher et al., 1998), the 
present study did not report any bacterial 
inhibition in mixed culture. Hasanniya 

(2002) reported a positive effect of 
Pseudomonas fluorescence bacteria on the 
growth rates of Chaetoceros sp, 
Skeletonema sp, Tetraselmis sp, and 
Chlorella sp.  Our experiments revealed 
that there was significant improvement in 
the number of algal cells when cultured in 
association with Bacillus sp. and 
Pseudomonas sp. The increase in the 
relative concentration of micro algae 
contributed towards improving the global 
efficiency of the system. The antibacterial 
activity achieved by the enhanced growth 
of micro algae (O Farrill et al., 2003) 
against shrimp pathogens such as 
luminous vibrios could be an added 
advantage in developing such systems. A 
survey conducted by Martin et al. (2005) 
revealed that out of 326 algal species, 171 
species require exogenous vitamin B12 for 
growth, implying that more than half of 
the algal kingdom are cobalamin 
auxotrophs and algae acquire vitamin B12 

through a symbiotic relationship with 
bacteria and Yu et al. (1988) reported 
some Pseudomonas synthesize vitamin 
B12, which could be used by the algae for 
their growth.   

Pearl (1992) reported the interaction 
between bacteria and blue green algal cells 
involves a complex interchange of 
materials, which are important, both for 
the establishment (chemotaxis) and 
continued nutrition of both organisms.  A 
bacterial consortium which normally act in 
natural environment for the break down 
and release of the nutrients from dead 
algae may also play a role in nutrient 
recycling and subsequent growth of 
promotion of the micro algae. Similarly, 
the test microorganisms being 
heterotrophic with good exoenzyme 
potential could help in the release of 
locked up nutrients and thereby enhancing 
the growth of micro algae.  
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The extra cellular proteolytic activity of 
Bacillus subtilis cultivated together with 
the algae increased by 1.5 to 2 times as 
compared to monoculture, suggesting a 
stimulating effect of the autotrophs on the 
proteolytic activity of bacteria. The 
stimulating effect is believed to be exerted 
by polysaccharide naturally excreted by 
the algae (Sadchikov and Marakov, 2000). 
In the present study it is concluded that 
Pseudomonas and Bacillus have a positive 
interaction in culture of Chaetoceros and 
Nannochloropsis and further study is 
needed to know the actual symbiotic 
relationship between these micro algae and 
bacteria.  
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