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Abstract

Abstract

As the rapid expansion of non-renewable fossil resources in recent years, a series
of serious environmental and climate problems were breaken out, which make
renewable and carbon neutral biomass resources increase people’s attention more and
more. In the field of substituting the fossil resources for the production of fuels,
chemicals and materials, biomass has broad prospects. Microalgae, which has the great
potential of converting microbial wastes into biofuels, and other high value products
efficiently with simultaneous environmental bioremediation benefits, has gained more
and more attention. Furthermore, owing to its rich contents and types, especially it
contents valuable bioactivators, microalgae was recognized as the primary producers
of PUFAs of the marine food chain, and it has becoming an important source of ARA.
The traditional ARA source comes from animals including animal liver, pig adrenals,
animal blood, fish oil and egg yolk and so on. Due to the low contention of ARA in
these organizations, the ARA yield was quite low and it cost very high. Nowadays,
ARA was mainly producted by microorganism because of its high biomass, rich content
of lipid and reasonable composition of unsaturated fatty acid. However, it is sensitive
to environment, which makes its features deteriorate as time go on and companied by
low lipid production. Additionally, product ARA by microalgae can not only cut costs,
but also can improve ARA production to make up for lack of animals and plant
resources, which in favor of a large amount of ARA used, so that producers and
consumers can both benefit. The red microalgae Porphyridium purpureum is
recognized to produce a series of valuable nutrients, such as polysaccharides,
phycoerythrin, lipids, vitamins and pigments. Also P. purpurem is known to be rich in
long-chain PUFAs, which contains up to 36% of arachidonic acid (ARA) and 17% of
eicosapentaenoic acid (EPA) of total fatty acids (TFA). In this study, the microalgae, P.
purpureum CoEl, screened and maintained by the authors’ research group, was used.
We chose a medium that suitable for the algae growth and fatty acid biosynthesis. Then,

optimization of culture conditions and some key factors were conducted to enhance the
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biomass and TFA/ARA contents and yields.

Firstly, the effects of 6-Benzylaminopurine (6-BA) on the growth and fatty acid
biosynthesis of P. purpureum were studied. During the cultivation of P. purpureum,
different concentrations of 6-BA were introduced in ASW medium and the cultivation
conditions were controlled at 25 <C, 110 umol/m?s continuous light illumination and
supplying with 1L/min of sterile air constantly, for enhancing the production of
polyunsaturated fatty acids. The results showed that the microalgae biomass increases
with the cultivation time. Compared to the control trail, 6-BA of 0.6 mg/L.~6.0 mg/L
promotes the cell growth of P. purpureum. 6-BA of 6.0 mg/L enhanced the biosynthesis
total lipids and unsaturated fatty acids most significantly. However, 6-BA of other
concentrations conducted performed their inhibition of the biosynthesis of total fatty
acids by P. purpureum. When 6-BA of 9.0 mg/L was introduced, the cell growth was
suppressed. Addition of 6-BA at an appropriate concentration could promote the growth
of P. purpureum cells as well as the production of unsaturated fatty acids.

Secondly, the effects of aeration rate, light intensity, culture time and temperature
on biomass, total fatty acids (TFA) content/composition were studied in P. purpureum.
Light intensities in the range of 110~220 pmol/m?s, aeration rates ranges of 0.5~3
L/min and temperature ranges of 25 <C, 30 T and 33 <C were tested. It was found
higher aeration rate and moderate temperature of 30 <C led to more biomass and
TFA/ARA production. However, higher light intensity tested did not contribute to P.
purpureum biomass accumulation but was adverse for TFA and ARA biosynthesis.
Thus, in artificial seawater medium, the highest yield of TFA was obtained with the
aeration rate of 3 L/min, light intensity of 165 pmol/m?s and temperature of 30 <C. In
addition, the optimal harvest time of TFA was in stationary phase and that of ARA was
approximately to the stationary phase.

Finally, effects of sodium bicarbonate (0.04~1.2 g/L) and phosphate (0.00~0.14
g/L) on biomass yield, total fatty acids (TFA) and arachidonic acid (ARA) accumulation
were investigated systemically. NaHCO3 dose of 0.8 g/L was preferred. The highest
TFA and ARA vyields were obtained, which were 408.90 mg/L and 104.35 mg/L

respectively. In addition, TFA and ARA production were significantly enhanced by an
v
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appropriate concentration of phosphate, and the highest TFA yield of 666.38 mg/L and
ARA yield of 159.73 mg/L were obtained at a phosphate concentration of 0.035 g/L.
Interestingly, with phosphate concentration continuing to fall, UFA/TFA and ARA/EPA
ratios were increased accordingly, suggesting that phosphate limitation promoted
unsaturated fatty acids and arachidonic acid biosynthesis. Low concentration of
phosphate may be favored to increase the enzymatic activities of A6-desaturase, which
played a key role in catalyzing the conversion of C16:0 to C18:2, and thus the
selectivity of UFA increased. Meanwhile, the increase of ARA selectivity could be
attributed to w6 pathway promotion and Al7-desaturase activity inhibition with
phosphate limitation. Phosphate limitation strategy enhanced unsaturated fatty acids
(UFAs) and ARA biosynthesis in P. purpureum, and can be applied in commercial-scale
manufacturing and commercialization of ARA.

Keywords:: Porphyridium purpureum; biomass; total fatty acids; polyunsaturated fatty

acids; arachidonic acid
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