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Improving Production of Biomass and Fucoxanthin in Mixotrophic
Phaeodactylum tricornutum by Optimization of Carbon and Nitrogen Sources

WANG Shan, YANG Runging, SONG Peigin, WEI Dong’
(School of Food Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Fucoxanthin is a kind of carotenoids that participates in the photosynthesis of marine
algae and has multiple functions such as anti-oxidation, anti-cancer, anti-obesity and anti-diabetes,
showing important applications value as the biological medicine and functional food. Marine diatom
Phaeodactylum tricornutum has high content of fucoxanthin, which is considered as a new source of
algae-based fucoxanthin besides brown seaweed. Aiming to improve the fucoxanthin production,
P. tricornutum CCMP2561 was applied in this study to systematically evaluate the effects of organic
carbon, nitrogen sources and their concentrations on the cell growth and fucoxanthin production
under mixotrophic (photo fermentation) conditions. The optimal combination of carbon and nitrogen
source was 0.10 mol/L of glycerol, 0.02 mol/L of total nitrogen mixed by tryptone and urea (1:1).
Under this optimal combination, the maximum biomass concentration, fucoxanthin content and yield
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were achieved at 3.94 g/L, 20.83 mg/g and 81.97 mg/L in P. tricornutum respectively, which were
3.15, 11.64, and 36.59 times to those before optimization under 2 000 Ix of light intensity, 20 C of
culture temperature and 150 r/min of shaking speed. The optimal medium and approach for

mixotrophic cultivation developed in this study could provide a newly practical technology for

significant enhancement of fucoxanthin production in P. tricornutum.

Keywords: Phaeodactylum tricornutum, mixotrophic culture, glycerol, nitrogen source, fucoxanthin
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SRR RESE , FTHEAT AT CO, DB G AFRAEK,
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PREZAE) HEAT A Ot k) A KB, WFoe &, 5 H
B LB IR (Can A A B R CH B SE ) AH L, DUH
T A AT B DR HE IR 1 SR = M e e T DR AR R K
A R S P TR R S AR R L LL 0,14
mol/L H 1 A ik I8 XT — A 4 48 B AT e TR G o A
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O A R = o 3.31 ¢/L AT 0.52 mg/Lf,
T A RO B TR 72 BE IR AR I 10 45 B9 A R
B SR AR AR B, T AR AR I i o B T A K
H 59.20 mg/g., kA 2E AT I R FE R AT
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HEBR B .2 000 Ix) AT RIS 55, T 4 C K46
AT
1.2 RFI5NE
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HACH 22 7] ;BD Accuri C6 45 4 a4 . W F 3 [
Beckman Coulter 22 7] ; Modulyod ¥ #4201, W F
5 [ P 2N F) 68905975 HU A AR T B HAY . 1 T
% [ 2 FEAR R A R W) TDL-4013 2 5y 3 B .0
BT 1 R AR T

1.3 HARFAE

131 A e & MR M 2 Bk (£ 1)
R R = AR E M E S AT KN
K /2 553756100 250 mL =i, 2400 100
ml, B TREEO0 AR B IR 35 3%, B 32 N
(20+1) C,¥ 111 H GG IR B 24 (2 000+500) Ix,
PERHE MR 150 r/min, H55F 10 d.

x1 MRWI2EFREHEMR

Table 1 Composition of modified f/2 medium

R 20.00 g
NaH,PO,-H,0 10.00 mg
FeCl;-6H,0 3.15 mg
CuS0,-5H,0 9.80 g
ZnS0,4-7TH,0 22.00 pg
MnCl,-4H,0 180.00 pg
Biotin (VH) 1.00 pg

132 HaRENS=ZABBEELERPEEEZER
T B FAHn KGRI = A e B
TR H R 172 $5 3Rk LIRS IR 4k R 00 (7 A
i 0.01 mol/L), JmAK Al ¥k B H il A BLas 5, ik
JE 5 %8 M 0.0.05.0.10.,0.15 mol/L, #4191t 40
JL %% B SR 1x10° A~/mL, #8715 pH 8.0, & 41 3 P47
FECTETE DG IREE R 35 37 G 9 IR B Ry (20£1) °C,
7 H HOLXT G IR 58 5 0 (2 000£500) 1x, 5% 32 150
/min, 35 5% 10 d, B PR BURE 05 — A48 15 o 40 i
PR KR GE AT I LA A R B 2R T )
g reat, A LR A IR IR RI AT, FE TS5 000
r/min B0 3 min, 577 FIEW BRI BES R G T
WELIARES Y, BN T —20 CUKAA h k17 1E G 425
B e 8 H

133 RBRAEMNER=ABHEERE RS
EREHSHAFEHH 0 KEREN=MBE
HOPP P R TC A 12 Bi 3%, L 0.10 mol/L
A AR, o AN A TR AR S 0 RIR (R R B
0.85 /L JRFK 0.30 /L JBE H W 1.17 o/L) , i A
WY R 0.01 mol/L, H AR I ZA4F 1 43 Hir I 12X [7]
132,

134 MEGQHRREMSZRAFA=ZABMELAKRA S
RHEFREOSHAFTETOY 0 BEEFREN =M
WIEM TR EEZH LA (/2 K575, D
0.10 mol/L H i R8I, 43 S AN [) J5 2 v 4 g

NaNO; 75.00 mg
Na,Si0;-9H,0 30.00 mg
Na,EDTA -2H,0 4.36 mg
Na,MoO,:2H,0 6.30 pg
CoCl,-6H,0 10.00 pg
Thiamine HCI (VB)) 200.00 pg
Cyanocobalamin (VB),) 1.00 pg

E AN (0.58 .1.17.1.75.2.33 /L) N &R, & S &
435134 %) 0.005.0.010.,0.015,0.020 mol/L, H 4y K5 3%
FA A BT E 1.3.2,

135 REARMNER=ZABBELER L ER
FRESHKEFENOH w0 KERTN = MEE
PR IR R R JC A 12 Ji 34 UL 0.10 mol/L
SR R -3l AN N i S = 5 1 = e 7
FIPR (233 /L) JBEE R R ZE (1,17 ¢/L Fi10.30 ¢/L,
TR 101) R F R SR BN (1.17 /L F1 0.85 ¢/L,
TARE 1), RA AR AR 11 #TIR
A BRHRIE N 0.02 mol/L, FH AT RE 75 24 A4 #r il
A 1.3.2,

1.4 Sk

141 e % E R B0 A 1T 40 i 2%
W, W 2 mL =AM T8 BB R T 2 mL 205
HE L, B RV, B Ak Ye R R R L ALK
JE (29 1x10° 4~ /mL~5x10° 4~/mL) , £ 300 H Je J¢ fifi
2R e L U A A S A T A % R s X AR
142 4% RAMTREERNE AR, W
OOt R OB R E eSS M, W
B2 mL 3% T8 08 1,8 000 r/min & 03
min, 7 I, ZRAR K VR B O PR B e e B T
HEAR 80 CHET 2 1E Bt , I I S BT i M,
BAFERBE 3 PAT, BCF AT P bR
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143 A KEE DAYEITEIAKER Y
(AU, He A K A B A 5

_InWo-InW,

A

KW, W S BRTE 10 BN E A 6 /L
144 BARAZERATRE BRELEATTERK
J&Z 5% HIWG Ay DR2700 43 060 B2 11 D0 17 e 25 4k )
7 No. 2714100, HUAf 35 77 3 15 W, 7 B ot 1 Uk
&2 BAHN 2~150 mg/L, In A BE 50 5 76 T i 2
DRB200 I 105 Cilf# 30 min, JHf#5E 5% H =
R, A AL (TNA [ TNB) & B 5 min J& , F 43
JEOEEE T DR2700 #F 4790 %8 , B A A i
145 2EFZREo# KHEFKEREL 10
mg $E A BB BR W URAE A 0 SR P TS 1 4
BRNV etV mw=1:1), R 1 mLAR, U7 76 4
JO B AR 7 AR 30 s, TR AR R 5 min, B0
WA BHWT 15 mL B 08T, 2R RERREE
FOBY S Y A 5 IR T AT SR, A 38 XUHE P9 A
SN ESCAE AA HLIE R R R B RRUT
fik (MTBE) & & 3 (R FLEL 1:1, % i & 5 50 0.1%
BHT) ¥ 245 2 1 mL, T4 % 8 K (W HPLC 4
Br, SRR IO B R A T T,

TR R A HPLC 2 (HPLC &4k H
Waters XL 1525 %% Fll 2996 — M 45 [ 51 K6 I £5% ) : >R
JH YMC {53%45: (Carotenoid column C 30 £ ,4.6 mmx
150 mm,3 wm) ; ¥ HAH UL E A 0.80 mL/min, A1
40 °C,#EFER N 20 WL, PDA Kl 135 B 4G I 3%
Ko 440 nm, W& F i B R i 0 8. D sh Al i P
Fist (A) VR T 5L FE MTBE (B) $EA 786 B8 BE i, e I
25444 :0~6 min,95%—80% A 5% —20% B;6~12 min,
80%—60% A .20%—40% B;12~19 min,60%—55%
A 40% —45% B;19~20 min,55% —95% A .45% —
5% B;20~23 min,95% A 5% B, DL 38 ZARUE S
) A5 B st T R ] DS SRR AE W RO 3 18 AT e AR
b o R € 3 R B R W R AT &= )
BB EER T Y S B R TR A B (mglg) o
1.4.6 #HEHH R H Origin 9.0 F1 SPSS % 14 *F
BHE AT AL BRI GE T2 4 B, A S 5 A 4R
- E AR HETR 22 (meanxSD ) Fon , K FH AR E 7 22
GIATT IR SO B A g AT S R IR A AT, AN
] 7 ) 2 ) o 1 2 Mk 25 5% (P<0.05) o

EETEEI

21 HBAREWN=RABEREKNEREEER=E
SHEFENENE

e R = M e R K A R T
SPECRER OLE 1, R L AT, S A SR R CH
0 mol/L) AL, ¥ H i &4 0.05.0.10 .
0.15 mol/L, AT &b 25 5 125 = 11 48 $i5 58 14 40 i 2% 1% (P<
0.05) . JEFREE I ,0.15 mol/L H il &5 F 41 g 2% i
R AR o 3R B e RAE, 43 518 1.72x10% A~/mLL il
0.26 d', J& F 7211 1.35 F5 A1 1.18 % (P<0.05) , W32,
W 1 TR B H v B 3G, A0 i R AR
ORI P T B R e T R R R
Ak FaH . #E 0.10 mol/L HiMM B, A4 fiy=
R R A BORT 7 i) K B s {E He
M4 93 & T 30.40% .43.49% .200.00% Fi
291.52%,

[ —a— 0 mol/L
18 - —e— 0.05 mol/L
16 L —A— 0.10 mol/L
—_ —v— 0.15 mol/L
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<t
f=}
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2 ogl
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2
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20 At a 1 6.0
18 NN i % a %
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Fig. 1 Effects of glycerol concentrations on the cell

density, biomassconcentration and fucoxanthin

content in P. tricornutum
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R2 HBREXN=ZABERESEERNZM

Table 2 Production capability of P. tricornutum under

different glycerol concentrations

Tk s/ | PHAERKE | AYETR | AEERT R
(mol/L) ER (mg/(L-d)) (mg/L)

0 0.22+0.01" 85.30+1.06° 2.24+0.01°
0.05 0.24+0.01* 109.90+2.61" 4.44+0.03"
0.10 0.25+0.01* 122.40+2.96° 8.77+0.15°
0.15 0.26+0.01* 113.70+2.55 4.00£0.02"

W AR T a b e 20 FoR 8% 5 P<.05,

Ceron Garcia % AR A 0.10 mol/L H il 55 3% =
M AE e, N DURAS S R A ZE M L R R 168.96
mg/(L-d), /& A FR&M TR 7455, Liu 55 A& H =
FOREHE BEAE 0.10 mol/L H i A9-F 25 Ho AR K s A
YAy RO H 3R AT Y 1.64 A5 1.60 £i51, 3
ARSI A5 A i FA R ARid ik, R BC-H
WA S = A B H i AEhE A R B H
R AR L A B ATP 1R A B R — B
filil (DHAP) Fil 3— iR H il % (GAP) , Jf i#f A < 7K 3C
PEARZ 5 AU X RTEITR AT, =5
e F5 35 AT LA G o A R ZROR AR 22 18] )2 0 fig R AE
K P W A RN A VR TR & A — &2, AT 3R 3l =
fatE 48 BT CO, FIAT LR I [R) A2 AR ik K 3
FEIRFR ST P 50% %3 Bk B 1l A0 5k 1 2 R TR
FH AR, X AT BE S BT B I R B
MR HE A B R A, AW S5 SRR 2 BUH T
WP 0.10 mol/L hy fealh Tk B, AT ifF = /148
BB AR ORI S A W R A
22 REMENBFR=ABIEEERKNEEES
RESHEFENEI

UNGIEEE R0 5 S ik -Eich YO RS
AUA MR RS mmsm LK 2, HE 2
(a) P, RH OG- 55 B8 7R R0 3R O 1R A P PR 2% 44 i
FH AR MR AT AR K IR I 4 0 T 2 A, KSR
S5 R 4 % B TR B e KAEL, O 1.21x10° A~ /mL, 53
e i R A RN PR 2R R AR BT Y 2.16 4% 3.00 £ (P<
0.05), B, FHIAKE RN 039 4, BE & T
B ER 40 A PR 25 A IR (P<0.05) , L3 3, e A
KW, TEHFRFMT LURE R 5 = Mt
B, HOE I H R K ORI 3E T A R AOR SL
(P<0.05), X FRIAA LA AT LS 408 0 = f 16 35
BEAR AP W 2(b) A 3 B AR I M A

PR, Az v R = 5 T R T o BRI T A
KB f M, W3 R TR IR A RN IR O B BT (P<
0.05).

140
120 b —=— AHEREH

100}
E
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E 60 -
% 40 |
=
F 20+
0
250 p -
ez it T 4 16.0
N 7 «
ol 1140
b § )
b 11208
a; 15} 217 2[7 1 10.02%
IH b b 180 @
ﬁ 1.0 § § 1o ﬁ
o
0.5 140 2%
120
0 0
RN RE RTE
(b)

ANIEF R a b Z A FR B3 P22 5 P<0.05,
B2 REMENRR=-"RBERARTE, EWEMEE

HERESBHHIN
Fig. 2 Effects of different nitrogen sources on cell

density ,biomass concentration and fucoxanthin
content inmixotrophic P. tricornutum
R3 AEMEANEFR=ZABIEENE~ERNZN
Table 3 Production capability of mixotrophic P. tricorn—

utum under different nitrogen sources

SRR AR | AR R

BV (mg/(L-d))

it R M 0.31£0.01" 160.70+1.56" 9.14+0.34"
&S 0.28+0.01" 146.60+2.12¢ 8.57+0.45"
73 =S 0.39+0.01* 224.40+2.26 29.58+0.78"

A AR a b e Z R W22 5 P<0.05,
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ik SCIR S N R IAE A S50 T LURE AR
B, = MAWIEEE A Y S TR AT,
H2A PR R T i B B 35 22 R AR B,
T 200 6L A A TR) 2% 4 1 W SR PR 3R P i 1Y e A
THFE LA PR £ 5 /0 | P b PR 2 0T G S5 A i = fh 4B 4
AR R, MR AR R AT A
P SRt EMN S WK 2(b), X IR
PR e 75 25 AT DAH 0 A B DR IS, = 1 e 48 3 40
38 8 H IR A AR K FE 9 ATP A NADPH, R firg
iR £k AL SR b e B SR Iy TR i T = i 4
i 3 X T T AR 1 WA, 5 3RO A S A HL AT 9 AR
PIFARWI G, [RIE 5 88 5 22 0T 4k 40 HAO7E 7R 4k R
PREFM T REEFEEZER, 50 iRE 8, R
R R B, = R T i S ) R AR R R
T 8 S BE R , ] LA 1 200 bl it A K A i R
S T, o A R O SOl B AR AR K
PSE e Y UE RV RN
23 BEABRENRA=ABIEREKNEER
BERESHMTENZN

i R 1R U R X e SR = AR AR TR BE AR KRS
PR S e R s WA 3, i 3(a) ]
Y 20 i 2 B A TR AR R R R i AR L KRR
SEOR, 7E 0.02 mol/L JHEER Ik BT 40 it 2% 1 38 )
e RAE, M 1.61x10° 4~/mL, & 2 & T H A ¥ (P<
0.05). WK 3(b)Frow , bl # JB A 11 R v B i 4 v
AU R T BB =2 3G N, #E 002 mol/L
JEE AL T AR SRR
O = i Y3k B R R AE, WLIE 3(b) Ak 4, 5K
BEJE B R (0.005 mol/L) A HL, il e T
110.71% . 112.50% ,156.89% F1 441.11% , [H 1tk , $2 &
B 25 1 R Tk RE A5 I 0 = A A AR R A ) i
FE B R4,

SRR A R, DL T VR A R N
(64.29 mg/L) Ny A I EEF5 = M 48 B ARG 0 A P &
7 FE SR AR BT VR BE A R B (32.09 mg/L) 1) 1.44 5P,
75 55 (300 mg/L i B2 #h ) BF = £ 48 45 3 10 A4 )
FIA B8 B 2 T i BUR MR (75 me/L fH R EN) T 1
1.75 fi5 i1 1.30 f505, %S4l “F0F 5% & B0, 78 B AU 2%
R, KREBE IR A RaE R K gmis R A i
FERI 2 2] SRR A SRR a FUA BE R R
A BRI XU B TS R 1 U S AR TR A
WA BE RN BN TR, W, e

0.020 mol/LR A Wk /2 il B = M da 4 i A= K M
R RN BRI E

180 1
160 | —&—(0.005 mol/L T
—o—0.010 mol/L v
140 r —~—0.015 mol/L 1
| —v—0.020 mol/L n

S
S N
oS O

N

A5 /(< 104N /mL)
(=) o]
(=} (=}

[SS I
[=J ]

(=]

Al W 7777 BT a 200

Ly Sk b :

3 R A E % a 4180
¢ 77 _
30l b % {160 B
7 2
c ;JS {140 £
25} B
2 % 1120 &

o

= 2.0 d 1100 B

: d 4 8.0
oS =
ol 460 g,‘

440

0.3 120

0 0
0.005  0.010  0.015  0.020

JBEEE R R JEE /(mol /L)
(b)
AR a b ed ZEE R i F M2 5 P<0.05,
B3 BREAKRENRF=-ABERARZE. £WEM
EREERENSBH W
Fig. 3 Effects of tryptone concentrations on the cell
density ,biomassconcentration and fucoxanthin
content in mixotrophic P. tricornutum
R4 TEBEEABRRENRFA=ZABIERETEENTT
Table 4 Production capability of mixotrophic P. tricornu—

tum under different tryptone concentrations

BRER MR | PR LA K | R R | R R

J£/(mol/L) (mg/(L-d)) (mg/L)
0.005 0.37+0.01°¢ 171.20+1.98¢ 11.14+1.36"
0.010 0.39+0.01" 284.40+2.55¢ 35.54+0.95¢
0.015 0.42+0.01* 330.50+2.26" 46.99+1.05"
0.020 0.42+0.01* 363.80+2.12° 60.28+2.21*

AR a b c.d ZHFR BEERR P<0.05,
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24 BERBENRA=ABIEREKMEEREES
RESHEFENEMm

R A B IR FE SR = B B A KA B
F RS R LA 4, E 4(a)PTH,
FEfE B AR S IR B NIR G AR T, 4000 % 8 15
FE 45 10 RATik B RME, K 1.82x10° 4/mL, J&
Al R A5 1 2B B Y 1.13 % (P<0.05) , F
B AE KR AR AR N IC B EM 2R, WLk 4,
DS R AR RO IR BRI, = M4 By B
FIHFEHF N 16.10 mg/(L-d), J& LA BEE AN
RIS HY 1.14 1% (P<0.05) , 155 [ 25 1k A1 A 1R 54
IR GRS T OB EEZES, WES, =M
1 A= )k A R O o RO AL TR 5 AU
AR 2 HY W T AR (AR (P<
0.05) . 75 B8R 11 V55 i R 40 FLDR 22 TR A /U 1 2%
TR, MWD R YRR SRR R
JoT 5t A3 HOR ™ 1 43 1A 21 3.94 ¢/1..389.52 mg/(L-d) |
20.83 mg/g 1 81.97 mg/L, 435Il J2 {3 FH 41 e 2 1 ik
BB 1.07 1% .1.36 15 . 1.28 155 A1 1.08 £i5, W& 5, 4%
BRI, = MAAB TS A TR A AR T B A KRB
o F B — R4, v] B AE 2l R AR A R AR T R %
b A AR B LA S I T AR AR R R
C A IR TS | i IR & 2008 s 5 e i o — A 2
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Fig. 4 Effects of mixed nitrogen sources on the cell
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Table 5 Production capability of mixotrophic P.tricornutum under different nitrogen sources

T HAERKER/A | BEEFEE R/ (mg/(L-d)) | EWER/ (mg/(L-d)) B K i (mg/L)

0.40+0.01* 14.10£0.28" 363.20+£3.39 60.15+0.61°
Try+Nt 0.42+0.01* 15.80+0.57* 381.70+2.38* 76.01+1.71°
Try+Ur 0.43+0.01* 16.10+0.28* 389.52+3.28" 81.97+1.91°

F AR TR a b e ZHIFRRBEEZES P<0.05,
EYEMAEERTE, R E S TR &M
ECm (010 L. 8 5534550002 ol 90
FI R AR AR A AR (1:1) 8 &R ), 245 19 5 3 B
it R G R L A H v B R AN vk F 7 (81.97 mg/L) & H i & 8 1Y 5 m K CF
BE RGBT = MAdeTe s A K n s R 1 h G SR A SR AR A A e R AR TR
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