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tricornutum by photo-fermentation through optimizing the mode of multiple nitrogen
supplementation and blue light enhancement. The results showed that the mixed nitrogen source
(tryptone:urea=1:1, N mol/N mol; total nitrogen concentration at 0.02 mol/L) added to the culture
system by six times was the best mode in shake flasks. Two-phase culture with light adjustment
was then carried out in 5 L photo-fermenter with an enhanced blue light (R:G:B=67.1:16.7:16.3) in
the second phase, leading to improved cell density (1.12x10% cells/mL), biomass productivity
(330 mg/(d-L)), fucoxanthin content (19.62 mg/g), titer (69.71 mg/L) and productivity
(6.97 mg/(d-L)). Compared with one-phase culture under red/blue (R:G:B=70.9:18.3:10.9) light
and six-times nitrogen supplementation, the fucoxanthin content was significantly increased by
7.68% (P<0.05) but the productivity did not change significantly (P>0.05). Compared with one-
phase culture under red/blue (R:G:B=70.9:18.3:10.9) Ilight and one-time nitrogen
supplementation, the content and productivity of fucoxanthin were significantly increased by
45.98% and 48.30% (P<0.05), respectively. This study developed a two-phase culture mode
with multiple nitrogen supplementation and blue light enhancement, which effectively promoted
the accumulation of fucoxanthin and improved the efficiency of nitrogen source utilization, thus
providing a new approach for fucoxanthin accumulation in P. tricornutum by photo-fermentation.
Keywords: Phaeodactylum tricornutum; fucoxanthin; nitrogen supplementation; blue light; two
phases culture

5 I ¥ % (fucoxanthin) & A AR A h — A&
VRIS MR, TRAE TR . A
ke s p Y, A BB . BRI
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acid, EPA). 4 ¥ E 1 £ ¥¥ (chrysolaminarin,
Chel)ZE mE=4" ), SRIM, ETRANME PN A 5
F o L Tk A SR, mE IS
R FB DA s B R 0 & A A Y ™
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1.1 MEFRE
1.1.1 EFAERE

— ffi ¥ $5 ¥ (Phaeodactylum tricornutum)
CCMP 1327 1 R B /K A= A Py ik 5 B i
BGAERE T G, SRR f2 B3R, iR
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light, R/B, R:G:B=70.9:18.3:10.9), £T i -1 5%
i 6(R/B+B, R:G:B=67.1:16.7:16.3).,
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(0. 2. 4. 6. 8dM10d, £ 1/6 i), Wifh
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(N mol/N mol), #HJE & & & & 0.02 mol/L.
B 55 F A AP T AE 8 000 r/min 2548 F 2.0,
FHEHE B AT 12 B3R SRk
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B HE 1 CREYE(W), BE 2 ML YE(R/B).
PIREIFESS 4.5 RAEEDEHRZE 150 umol/(m's).
otk Bt B pH b (8+0.5) . IR h
(20+1) °C., S &N 1 Limin, % B WA FE
K 150 v/min, PIREALESS 6 KR 2 200 r/min.
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Y=CxB—CyxB, (3)
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(mg/g)FILE YR (g/L); Co Ml By J2& to B Z]
() 7 B R B (mg/ ) FLAE W B B (/L) o

BRI P [mg/(d L) A48

Pex=(CrioxBy=Crxi XB1 )/ (1, t) 4)

K@DH: Cra. Cre FHlETE t(d). ti(d)
Y 5 9 8 R 5 B (mg/g), Bi. By /0 ETE
to(d). ti(d)If YA PR (/L)
136 —t+HkABBRIEMETE

R VAR5 BT 1%k (gas chromatograph-
mass spectrometer, GC-MS){ll &, fig B A
5975 PN B IR AR A AL B AN AR (DB-23,
30 mmx0.25 mm, 0.25 pum), FJf NIST05a ji%
JE X Bk T R (EPA)EA T E 43, C19:0
WAL AT S B E fE 4T . EPA 772 Pepa
[mg/(d-L)F& A (55 :

Pepa=(Cepaz XBo—=Cepar XBy)/(t,—11) ()

KOG Ceparv Cepo FMHETE t(d). ti(d)
BP9 EPA 7 it (mg/g), Bi. By M HIETE ta(d).
ty () A AR Py FE VR S (/L) -
137 &RRHSEIEMETE

4 R A 2 W5 (Chrl) 19 52 BRI 3 A 7 76 DL SC
HR[30]. SRAIRMHE DA, 7€ CYTATION-S
U AR A0 A S VR ) e 5 B (IR R D
398 nm. KK HN 502 nm), FIA p-1,3
RS i VR SMR bR e 2, R R A
ZWEIEA T RN A Y AT

G EATZ M H Pony [mg/(d-L) & A
K (6)FH5

Penri=(Cehri2XBy=Coenri1 XB1)/ (1~ 1)) (6)

K(O: Comirv Comi 3 HIRZTE t(d). t(d)
WA Chrl &+ (mg/g), By, By 20 HE7E t,(d).
ty () A AR P T EU B (g/L)
1.4 HUESHR

K FH Prism 9.0 F1 SPSS # {4 % 5 ds ik 47 ik
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BMGET 2200, S0 BOE 245k A (B A
HEZE (X £9) KN o SR IN FR T 22 70 ik F A
R AR AT e, R AN E A
TRERR R R AFAE I 1 22 57 (P<0.05)
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2.1 #ERPHORAIFRAXML

FEFE P BT R AL R B AN A, =
R EE M B . AR L HR R
SMEREARCIE 1 R, AT rReanR 1 T
o HE 1A AIH, FEREFRESRET, BEE #M
FUEHLE 3G I, 20 R R R R T
P, HF g 3 A 6 WA IR AT g 4R
AN % (P<0.05), J5 & B9 41 it 25 B A
P H AR K il B 13k B i KB (1.27%10° cells/mL
F10.21/d), Ho— WA O B4 S 25 42
T 36.11%F1 16.67% (P<0.05); i J& # 0 4=
W) Rk RN A 7R Rk B B KB [3.26 g/L
223.89 mg/(d-L)], LXTHRALE EHEE T 13.99%F
22.68% (P<0.05). A RiEEH, FRHl &K
R = S 0H = AR A AR B,
RSy 6 W AR IR G T 4 A AR RN
AYENR, BRI P AT Rk
JE AR R SR AN M A K S B, [FES, B
T FE R AR R BA R KME R 2.7 g/L Ml
0.23 g/(d'L), FLXJHEZH B E42m T 30.43%Al
21.05% (P<0.05). AWF5REM, Ik =Mt
B S0% RSk B HIME, Hih g RE
RARRE Bz TAEYERENR AP, [H
FE, M A (total nitrogen, TN)JHFEH K th 7E I i}
SKF R RE[10.23 mg/(d-L)], FLX) IR B4R
F T 11.56% (P<0.05), a4 6 WHNEA FF
2 it v Al DR N U UE R R, 9D BEIR
. BEAIRBA .
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ERPHEEXTHREREQ). £ME®B). HHOMERARED)ZLNRE
Cell density (A), and biomass (B), glycerol (C) with total nitrogen (D) concentration under

nitrogen supplementary mode by time(s) during the cultures in shake flasks. Different letters indicate

significant differences.

F1 ERPHRINBERT =ZABIERME T
Table 1
nitrogen mode by time(s)

Production capacity of Phaeodactylum tricornutum grown in shake flasks under supplementary

Time (s) of nitrogen supplementary mode

One time Two times Three times Six times
Average specific growth rate (1/d) 0.18+0.00 0.19+0.00 0.20+0.01" 0.210.00"
Biomass productivity (mg/(d-L)) 182.50+9.32 189.17+1.57 202.78+10.13  223.89+9.56"
Average glycerol consumption rate (g/(d-L)) 0.19+0.00 0.18+0.00 0.210.00" 0.23+0.01"
Average nitrogen consumption rate (mg/(d-L)) 9.17+0.17 9.54+0.17 10.05+0.33 10.23+0.17"
Fucoxanthin productivity (mg/(d-L)) 2.05+0.13 2.26+0.04 2.97+0.06" 4.03£0.10"
A statistic analysis was performed with one batch as the control, " means P<0.05, " means P<0.01.
&: 010-64807509 P<: cjb@im.ac.cn
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FERER AN AT, MR rh s s R
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48.39 mg/L #14.03 mg/(d-L) (£ 1), H—W&kE
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245 LOobRBERE, 55 4.5 R mE
150 pmol/(m-s), TEZ; 6 KHPFGFEH & 2]
200 r/min, PHFPOGETT ARFFAMMEBE . AV E
A DL S B R A A AR ] 3 FI R 2
JiR o FEFRESRI, FOE(W) MRS . AW
FU A E] 1.16x10° cells/mL F1 3.68 g/L,
SRR 6 AR S RA L, A0 %
R EEIRT 13.19% (P<0.05), AJfEEN N
5 L RIEFEM ECH T L PR o, SR
SR (PR TR, 500 A e b 2
JfL 3z 2 i S BrRotiRm AR TR, S EORE AL
RFRED 5 TR A A K 22— BRI
(R IR AR M- X L AR e | AR ™
L HIALE R REER Y B 2 S TH(P<0.05),
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Figure 2 The content (A) and titer (B) of fucoxanthin in Phaeodactylum tricornutum under nitrogen
supplementary mode by time(s). Different letters indicate significant differences.
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Figure 3  Cell density (A), and biomass (B), glycerol (C) with total nitrogen (D) concentration under white
(W), red and blue light (R/B) by six-times of nitrogen supplement in 5 L photo-fermenter. Different letters
indicate significant differences.

R2 SLAABEPARLRTS 6 XA = ABIEREF TN
Table 2 Production capacity of Phaeodactylum tricornutum grown in 5 L photo-fermenter under different
light qualities and six times of nitrogen supplement

Light qualities with six times of nitrogen supplement

W R/B R/B+B
Average specific growth rate (1/d) 0.24+0.00 0.27+0.01" 0.24+0.01
Biomass productivity (mg/(d-L)) 308.33+0.53 353.33+£20.12 330.00+3.70
Average glycerol consumption rate (g/(d-L)) 0.34+0.01 0.35+0.08 0.32+0.02*
Average nitrogen consumption rate (mg/(d-L)) 13.60+0.01 14.40+0.80 14.60+0.01
Fucoxanthin productivity (mg/(d-L)) 6.37+0.14 7.142+0.01" 6.97+0.06"

A significant analysis was performed with W as the control, * means P<0.05, " means P<0.01.
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T A RKAERERY, WEWI T 4> 6 IRHMEM TR
5 LA e b i AT T

Z1 G (R/B) T 40 M %5 2 A0 A ) i vk 32 3
KB e KAE(1.44%10° cells/mL 1 4.15 g/L), 5
FOYBW) FAH L B3RS T 30.01%F1 12.77%
(P<0.05). AFRFEY, 26L& AR T
SRR, BENS A AR AN B Y
ARG R EA -8 A#AR/B) FAYE
A AL S AN AR R AT, HY
H 28 F1E(W) A L IE A 2.3 (P>0.05), 1T EL 38
i3 6 WANARIZ 25 SR 44 B 246 55 (P<0.05),
U] 5 LG EERE PR 6 M AL
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