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Enhancing fucoxanthin production in Phaeodactylum
tricornutum by photo-fermentation
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Abstract: The aim of this study was to develop a technical system for high-efficient production
of fucoxanthin by photo-fermentation of Phaeodactylum tricornutum. In a 5 L photo-
fermentation tank, the effects of initial light intensity, nitrogen source and concentration as well
as light quality on biomass concentration and fucoxanthin accumulation in P. tricornutum were
investigated systematically under mixotrophic condition. The results showed that the
biomass concentration, fucoxanthin content and productivity reached the highest level of
3.80 g/L, 13.44 mg/g and 4.70 mg/(L-d) under the optimal conditions of initial light intensity of
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100 pmol/(m*:s), 0.02 mol TN/L of tryptone: urea (1:1, N mol/N mol) as mixed nitrogen source,
and a mixed red/blue (R:B=6:1) light, 1.41, 1.33 and 2.05-fold higher than that before optimization,
respectively. This study developed a key technology for enhancing the production of fucoxanthin by
photo-fermentation of P. tricornutum, facilitating the development of marine natural products.

Keywords: fucoxanthin; Phaeodactylum tricornutum; photo-fermentation; red/blue light; mixed

nitrogen source
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Figure 1 Physical photo and schematic diagram of
5 L photo-fermenter!*?.
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Figure 2 Spectrum of natural white light and mixed red/blue (R:B=6:1) light.
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Figure 3 Cell density (A), biomass concentration (B), content (C) and yield (D) of fucoxanthin in
photo-fermentation under different initial light intensities.
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Table 1  Production capacity of Phaeodactylum tricornutum under different initial light intensities

Items Initial light intensity (umol/(m?-s))

20 60 100
Average specific growth rate (d™1) 0.21£0.09 0.23+0.09" 0.23+0.13"
Biomass productivity (g/(L-d)) 0.21£0.02 0.27+0.00" 0.29+0.02"
Average glycerol consumption rate (g/(L-d)) 0.21£0.05 0.25+0.01" 0.29+0.00"
Average nitrogen consumption rate (mg/(L-d))  7.40£0.20 8.40+0.10" 10.20£0.60""
Fucoxanthin productivity (mg/(L-d)) 2.29+0.30 2.96£0.05" 3.54+0.18"

A significant analysis was performed with 20 pmol/(m”-s) as the control, ": P<0.05; " : P<0.01.
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(5 d), 56 KEFRMEHR 0.07d ", ARFFREN,  BBAESE 5 KRGk ARE, s mty
FE AN A P P R T DL R R A B R e IR RRER, SEAKM
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Figure 4 Cell density and specific growth rate (A), biomass concentration (B), content (C) and yield (D) of
fucoxanthin in photo-fermenter under different nitrogen sources.
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Table 2 Production capacity of Phaeodactylum tricornutum under different nitrogen sources

Items Mixed nitrogen source NH,CI

Average specific growth rate (d™') 0.24+0.01 0.180.00"
Biomass productivity (g/(L-d)) 0.28+0.02 0.19+0.02"
Average glycerol consumption rate (g/(L-d)) 0.29+0.04 0.19+0.01"
Average nitrogen consumption rate (mg/(L-d)) 14.00+2.00 5.56+0.24"
Fucoxanthin productivity (mg/(L-d)) 3.74+0.06 1.26+0.10"

A significant analysis was performed with mixed nitrogen sources as the control, ": P<0.05; : P<0.01.
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Figure 5
photo-fermenter under different light qualities.
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Cell density (A), biomass concentration (B), content (C) an
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Table 3 Production capacity of Phaeodactylum tricornutum under different light qualities

Items

White light Red: Blue light

Average specific growth rate (dﬁl)

Biomass productivity(g/(L-d))

Average glycerol consumption rate (g/(L-d))
Average nitrogen consumption rate (mg/(L-d))
Fucoxanthin productivity (mg/(L-d))

0.28+0.00 0.2740.00
0.34+0.02 0.3240.01
0.30+0.02 0.29+0.01
13.440.25 14.600.05
3.90+0.06 4.70+0.04

A significant analysis was performed with white light as the control, ": P<0.05.
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Table 4 Comparison of fucoxanthin production by Phaeodactylum tricornutum in various photobioreactors

Strain Cultivation system Condition Biomass Biomass Fx content Fx productivity Reference
(g/L) productivity  (mg/g) (mg/(L-d))
(g/(L-d))

P. tricornutum Photo-fermenter 0.1 mol/L glycerol, 3.80 0.32 13.44 4.70 This
0.02 mol/L T+U, R:B=6:1, study
100-150 pmol/(m?-s)

P. tricornutum Flask 0.1 mol/L glycerol, 0.02 mol/L 5.53 0.35 11.67 <5§.32 [18]
T+U, R:B=6:1, 20 pmol/(m*s)

P. tricornutum Flask 1.5 mL/L Laminaria japonica 1.59 <159 17.60 <2.79 [37]
hydrolysate, 0.34 g/ NaNQO;,
WL, 2 000 1x

P. tricornutum Flask 1.29 g/L Spruce hydrolysates, 3.31 0.25 (max.)  5.10 ND [38]
Yeast extract, 100 umol/(rn2 'S) (carotenoid)

P. tricornutum Flat panel PBR 1% CO,, 0.75 g/L NaNOs, 0.37 - 59.20 2.30 [12]
WL, 150 pmol/(m?'s)

P. tricornutum Bubble column Semi-continuous 12.08 1.00 7.00 ND [39]

PBR 0.1 mol/L glycerol, 0.85 g/L (carotenoid)

NaNOs, WL, 465 pmol/(m*-s)

P. tricornutum Cylindrical column 1% CO,, 1.45 g/L KNOs, WL, 4.05 - 10.30 4.73 (max.) [16]

PBR 300 pmol/(m*'s) (max.) (max.)

T+U: Tryptone:urea=1:1 (N mol:N mol); R: Red light; B: Blue light; WL: White light; PBR: Photobioreactor; ND: No data.
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