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h i g h l i g h t s

" Chlorella vulgaris and Dunaliella tertiolecta grow well in the presence of diverse bacteria.
" C. vulgaris and D. tertiolecta have different associated bacterial communities.
" DGGE detects ciliates before they eradicate the microalgal cultures.
" qPCR shows relative microalgal and bacterial cell numbers from stable cultures.
" Raw culture samples serve as suitable templates for qPCR.
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a b s t r a c t

Eukaryotic and bacterial communities were characterized and quantified in microalgal photobioreactor
cultures of freshwater Chlorella vulgaris and marine Dunaliella tertiolecta. The microalgae exhibited good
growth, whilst both cultures contained diverse bacterial communities. Both cultures included Proteobac-
teria and Bacteroidetes, while C. vulgaris cultures also contained Actinobacteria. The bacterial genera
present in the cultures were different due to different growth medium salinities and possibly different
extracellular products. Bacterial community profiles were relatively stable in D. tertiolecta cultures but
not in C. vulgaris cultures likely due to presence of ciliates (Colpoda sp.) in the latter. The presence of
ciliates did not, however, cause decrease in total number of C. vulgaris or bacteria during 14 days of
cultivation. Quantitative PCR (qPCR) reliably showed relative microalgal and bacterial cell numbers in
the batch cultures with stable microbial communities, but was not effective when bacterial communities
varied. Raw culture samples were successfully used as qPCR templates.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Microalgae are potential feedstocks for fuels and energy due to
their high growth rates and photosynthetic efficiencies (Brennan
and Owende, 2010). Currently, microalgal biomass is produced
commercially for high value products such as human food supple-
ments, animal feed, cosmetics and pharmaceuticals (Gong et al.,
2011). However, to date, the industrial-scale production of micro-
algal biomass for fuels and/or energy remains too costly and en-
ergy intensive (Amer et al., 2011; Beal et al., 2012; Hulatt et al.,
2012).

In nature, microalgal growth is always associated with the
growth of other organisms, notably bacteria (Reynolds, 2006).

Microalgae provide organic and inorganic compounds for bacteria
by excreting soluble material during normal growth, in response
to environmental stress and/or via their lysis and decomposition
after cell death (Cole, 1982; Reynolds, 2006; Hulatt and Thomas,
2010). Bacteria can supply vitamin B12 for the algae that are unable
to synthesize it (Croft et al., 2005), provide CO2 for algal growth, re-
duce oxygen tension (Mouget et al., 1995), recycle nitrogen com-
pounds (Hulatt et al., 2012) and increase the solubility of
nutrients and trace elements making them more bio-available for
the microalgae (Keshtacher-Liebson et al., 1995). However, some
microalgae also excrete compounds that limit bacterial growth
(Stephens et al., 2010). Bacteria may also compete with microalgae
for available nutrients, produce metabolites that are inhibitory to
microalgal growth, infect microalgae or cause lysis of algal cells
(Cole, 1982). Similarly, eukaryotic organisms, such as fungi, may
promote microalgal growth by symbiotic associations (Watanabe
et al., 2005) or compete with the microalgae for available nutrients.
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