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Abstract Fucoxanthin has been reported as bioactive compounds exhibiting strong antioxidant,
anticancer and anti-inflammatory activities. Owing to its a wide range of applications and poten-
tials, commercial production of fucoxanthin from algae has been attracted many attentions.
Although, most of seaweeds and diatoms contain fucoxanthin as major carotenoid contents, low
productivity of fucoxanthin still hinder the industrial application. Here, we newly isolated and
identified indigenous marine diatom Odontella sp. BS-003 as a resource of fucoxanthin production.
The characterization, optimization and production of the fucoxanthin, along with other bioactive
compound omega-3 fatty acid from odontella sp. BS-003 were analyzed in this study, and the
results represented optimal culture condition (two-fold silicate containing F/2 medium) significantly
enhanced the algal biomass productivity. The maximum biomass (1.83 g/L), fucoxanthin (3.88
mg/g), along with omega-3 fatty acid (10 %, w/w) were obtained from the 10 L of photobioreactor.
Based on the results, it is speculated that the microalga Odontella sp. BS-003 can be a promising
natural resource for the production of bioactive compounds.
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Scendesmus almeriensis$} 22 B2 PN Z/F= Hl
E7LER, ol 2B E, FEI)IA 22 §F 7HEH
rolEE tigF A4t & vk dE A A [18].
FA™DS st A oF 10959 F2Fe o
P = BTl YA o R o]8HeE TS EH F
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Promega, USA)E 2] 3t Genome DNAE ©] 83}
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o}, PCR2 GO Taq DNA T¥& 4 (GoTaq Green
Master Mix 2x, Promega, USA)E AF-&3FR AL, H|A|
ZFEHE FZE3% DNAE AHE3EY T [21]. PCR =
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st viA)) D FR2 8iA 74 559 28ie) F4&
A

s}
o o M Mt o lo of O ©

92 F2-Si(+) vlA] (60-90 g/Le] NaSiO; + H,O

dat= WANE ol&ske] WA Aol WE 44
glst ot w92 25T, 100 pmol/m*/s, 120 rpm2]
é.‘—Ei ‘SPOC] 543 APkt W g7t <
2 Z(Dry Cell weight, DCW)= fﬁ st &
3f *é 2 AEE It A ZAZFFL 25 mm
Glass microfiber filters (Whatman, UK)& O] f3te] of
FEH FAZE 105CAA 3A7F B ARAA 1 F
AE FAHs #d o579 A4S E4sA

{2 % Cell density 24
28 75 7€ MARG F o) F59 4t

EoUE FRE ©l&3t 15-18CY &%, 100 1
mol/m?¥/s2] F¢, 120 rppme] WHFEEZ 10 L #E
FAE Q37| (Biotron GX, Haml science medical,
Korea)ol| Al 3] &4 vjFS 59 3 APt vl ek
712k &Rt mA| 2R/ S SAE] 918t 24 A
AR QAT AEseE AXAZTF SAHS 5
3 Cell densityS &?AsFATH [23]. AMEDA=FT 2 25
mm Glass microfiber filters (Whatman, UK)E ©]-&3}
o] oJtgl #AE 105TCollA 3AZTE Bt A=A &
1 FAE SAHs mAl 2R s B4

Nile Red g 0|25t ZSMX|Z &0l
Odontella sp. BS-0032] T4XA& &2lsl7]

3to] Nile FAHES AT [24]. oMl 10 ng/L
o] X = Nile red powderE &3 A17] €4S 1 mL
o & vl 1 uLE F7HS & of 1& ¢
st WA WS $, Nikon Eclipse 80i
(Nikon, Japan) 333 @v]7d-& ©]-83} Nile red E

of oJg FAAAES AT e A AL
s 2t & Pt

AE e 24

F A4 F=F WHL Bligh and Dyer methodE ¥
gt AME3IATE [25]. 2F 5 % 107 cells/mL

Hj 9k 10 mLE 4,000 rpmO-E 2087 LA 223
a5kt 89 Odontella sp. BS-003
o 15 mL®] FZ-81)j(Chloroform:Methanol=2:1, v:v)
£ Y93l =333 7](Vibra Cell, Sonics & materials
Inc., USA)ZS AFR3te] 5 & 5k A Z2E v 319
T} 300 ipm =2 Tl o)A S o] &3t v H
AZ2RE AZAS 15 & ¢ F23400. =2
& Oﬂ S 10 mL& H7}8FaL 4,000 ppm 2 10
A Edste frl8met & SO08 e H,
1 B S5 Eelste] {71878 PTFE ZE (0.2
pum, Watman, UK)Z &3} 3 Cell debrisS A A 3}
ATk Cell debrisE AAT Ame AT
(Rotary Vacuum Evaporator, Buchi, Switzerland)E ©]
&3l FE28ME AAT F ARE Azt AE
o] FAE FANAH. SAE FA= F=o A&
Sk wlo]mj~o] 27| FA L} vlste] % of dew
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,000 pm e & 15 B3+ YA 223}
T A4 25 2AsAT [26].
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F7H o= RESA T WA EEY 57t
Fe AT 2 ol Methylation £ (6N HCI 325
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Methyl tert-butyl ether 200 mL) 1.25 mL& 713 &
Aol AZ 10 ¥ 7t wHste] A4k FE31A

ot F=39 AW4E &H ) Base Wash &< (NaOH
10.8 g, &5 900 mL) 3 mLS E3ste] AWk
AAg 7, o] F 1 mLEs H3te] {71808 PTFE
IE(0.2um, Watman, UK)Z 33 & GC(Gas
Chromatography) 418 vialoll AT &7 Al 5.9
C17 WH3EFE4 (Internal standard, Fluka) 50 pL&
F7rete] ik £48 AEE RFEIT AR
GC (Shimadzu GC-2010, Japan) #2]-8 ©]-&3}% 1
Wax colume (Zebron, ZB-WAX, ZH2%:250C,
Phonomenex, USA) % FID detector(flame ionization
detector, HN=:300C)S Al&3le] A4S HE
sttt Aol AHEH F &S 1 1L, & A=A
e 25 o= AT A 48 A% =
= EZZA Supelco®] FAME mix 18918 (C8-C24)&
ARESETE A & AR Aot FEEE
ANE o) ¥l §, A s AlLlek st

Mo BN

Odontella sp. BS-003°] A} 4% HPLC (High
Performance Liquid Chromatography)E ©]-83} % Th.
54 =3 Odontella sp. BS-003 10 mgoll 100 %
Ethanol 1 mLS &%t ¥ 1 #7F Homogenizerg ©]
£3lo] MAE FF31AL, 13,000 ppmeZE 1 B3 ¥
A Zeste] A4S A £7]1-87& PTFE HE(0.2n

m, Watman, UK)E ©|-8&3l #3333k A4
FEE2 HPLC &4 8 vialdll 4 &4 & 1YstA

T} HPLC 42 —r]?'b‘ﬂ 20 uLe MEZS FUs P
Y AIRE 25 & 2 IFH AT HPLCE Agilent

A)

ooz
20 um

AL2] Agilent 1260 Infinity Binary LCE ©]-&3}%3 1L
Column-2 Waters Spherisorb®S5 ODS1 4.6x250 mm, 5 m
Cartrige Column (Maple St. Milford, Massachusetts
USA)< AH83+9 3L, Column &5+ 40CE 3H T
AMAE FE]dh= &2 0.1 M Tris-HCI pH 8.0, ace-
tonitrile, methanol, ethyl acetate”} ©]-8% Tt A&
H gl 5+ t&% 2tk 15 0.1M Tris HCl(pH
8.0), 84 % acetonitrile, 2 % methanol (0-15 l"i—) 68
methanol and 32 % ethyl acetate (15-19 ). 2L < 6
9] post-run FUH A5 AZE o] & &

Y3t Column We &S £9 12 mLE X]"\
HAoh B4E AAeE J1FE FFEAS 4 v

wate] H>FstaAT [27].

%l mlo]l A2 I IE S 53l
4 &8 § BS-003 &—"r—‘:— g < ol &3 FehE

O 2 Odontella®t A3+
o 5= (Fig. 1A). 3-2]% BS-0032] DNAZ
%44%& 18 tDNA 71X EE NCBI/]
BLAST Z 2185 ©]-83}% Geneback®] Ribosomal
Hlaste] Asd-S ZHARSHA T
A& AAE A3} Odontella aurita®}t 96 % At
Ziﬂi FAE ] A vARFES ER1T 5
AT} EZL Clustal X2} MEGA 4.0 ©]-8-3t] H
B8 A3 Odontella rostrate®} =2 FAIEE
el o] Odontella sp. BS-003. 2.2 ™3} th (Fig.
1B).
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L H

(B)

99| Odorieiia rostrate ECT3828 (JX413552)

Odonteffa sp. BS-003 (KM892969)

T3874 (KMO09579)
Odontella aurita ECT2738 (HQ912688)
Odontella aurita ECT3612 (KM002895)

53 Cerataulus smithii_ECT3891 (KC309489}
dontellalongicruris KMMCC 1426 (J0315659)
Triceratium dubium ECT3888 (KM0OO9611)

69 0dontellathomboides ECT3905 {KC309515)
Mastodiscus radiates ECT3822 (HQ912675)
Campylasira cymbeliformis CGC-1 (WQ812623)
Brockmanniella brockmannii CCHMP 151 (MF140305)

Amphitetras na KMMCC 1564 (JA315688)
heamalleus CCMP143 (DQ514845)
= Eucampia groenfandica RCC1996 (JF794043)
100 \—Eucampiazuumacus CCMP386 (EF585584)

——
002

Figure 1. (A) Light microscopy image of isolated strain, Odontella sp. BS-003. (B) Phylogenetic tree based on 18S rDNA gene sequence
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ZFe| i = X3
A 24 wE BS-003] FAS dotrr] {3
et dae] o]l e wiAE o] &3t 25T,

00 pmol/m%s, 120 rpm .2 59 F<F ikl tt. HY
& A 71E9] sFr AT viAQ F28) A ol A
£ 0.63 g/LY nlo] OUH* 55 YT (Fig.

H Hof F ulj Al A
OJ 0.78 g/LS YEH]
A AsF] HHE Hl 2] o

2. 71 WA T Fa EE
NFELE W Y EE 5
o, 719 W

0.6 A

0.4 A

0.2 A

Biomass (DCW, g/L)

0.0

F/2 F/2-Si(-)  F/2-Si(+)
Medium

F/2-N(+)

Figure 2. Effect of different silicate and nitrogen
concentration on the growth of Odontella sp. BS-003

=22 F2| g‘é‘
275 BS-0032 18T 2 &%, 100 pmol/m2/s2]
B 120 rpm) E‘?l—”—?—l?_i 10 L 8] B & §9h3

Z1eA 5 3F HH% st AR 2 A A s B35
59 BF A ZH=FTFl 1.83 gL
o E%é}‘ﬁﬂﬂﬂ, o] wj upo] Qumjx AL (.342
g/L/days YEFHIATH (Fig. 3).
ZFFEo| AHESE F KW =N
Nile red G415 E3}o] BS-0032] Al U A A
A 3 g HES A3 AE o B Yo
TAA o] 239 AS AFASAT (Fig. 4A). ©]
A3E EUE BS-003 #+52 F A4 g5 BAES
23 A7 F Al ME Ax FF iy 38
%Sl As AT T AT o] FA = TE A=
FQ1 Chlorella vulgaris©l V13l F 150-180 % =2
& 27 &S eEhTH (Fig 4B) [28]. ©] uj
131 AAEES 013 g/l/day® =& XS BT

HHX]EE} 2HH«I
BS-0032 Hj 3t A3} 0.64 /Li 7]%—311219} = =
o7l gl AL AT &+ 2

=

EU & BS-003< v Fs}r] H“HHL Fﬁw} 474
S & F AU, o] F ] AFPelAE F4E 24
13

P2 HiAE AdEsia.

N
y

1.6 A

1.2 A

0.8 -

Biomass (DCW, g/L)

0.4 A

0 1 2 3 4 5
Time (day)

Figure 3. Growth curve of Odontella sp. BS-003 under optimal
conditions using 10L PBR.

BS-003°] A4t 2445 &4 8H7] 918k Ak
skt 1 2, BS-003 75
HE Ax25%F 3 16 %2 FAME©] 25U, X
A= AR caprylate(C8:0),  cap-
rate(C10:0), palmitate(C16:0). palmitoleate(C16:1),
hexadecadienoate(C16:2),  hexadecatrienoate(C16:3),
stearate(C18:0), oleate(C18:1),
Elcosapentaenoate(C20:5)0 A<=
(Figure 4c). =3 FAME?] A ES 43 23},
Cl16°] A A4k 60 % EA)
%2 F RAZ 52 FHFS EUth 53], DHA,
DPAS} 3 S4&< T8l AFlsl okt sk 23}
AL 7E3 Ash o R S 28 E A3t o
71 3 5 4% AW oA a3t doka &
Z1 EPA(Eicosapentaenoic acid)7} 10 % 2.2 &4
sh= 2108 Hol BS-003 77t EPA 35U 2A
AHE 7Hs st e BolETh

-’
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(A) (B)
40

o=

30 4
25 ~
20 A

10 4

Lipid content (%)

BS-003

©
X others

80% A

# Eicosapentaenoate(20:5)

¥ oleate(C18:1)
70% + W stearate(C18:0)
60% w—

50% - hexadecadienoate(16:2)

% hexadecatrienoate(16:3)

% palmitoleate(C16:1)
40% A
% palmitate(C16:0)-4

0/ =
30% B caprate(C10:0)

20% A # caprylate(C8:0)

FAME composition (%)

10% A

0% -

BS-003

Figure 4. (A) Fluorescence microscope image of Odontella sp. BS-003 dyed with Nile red. (B) Lipid content and (C) FAME

composition of Odontella sp. BS-003

Ma =Y

HPLCE 537 BS-0039] M4 4 23 F33d
o] 3.88 mgg O 2 A M4 36 %E AAT= Ao
2 Hol Aio] 8 TR AL & F AT
(Fig. 5). webAl, AvAS T FElshs £4 A
E AT ARo] vF] FAIR S Ffsta
o] AL e Ao ddEo Wt F WA

2= 229 a7l 2.65 mg/gSE 25 % EA5H,
o|2}ol| = HEI7FZ®, Tholol 'l 2] 7+2FE
ol EE et & Mas AT vl 1.06

X

il
_);1_1{
N
p'ﬂ

Ir
Y
ftlo
ot
ro
9&
3R
=
N
)
2
o
fru
-
K
r

IFEEZ S5l 9l BS-003S FA4E AY
A% A H YA ZA ZA) o] FESHAL

X oo o M

£ o

beta-carotene, 13%
(1.35 mg/g)

Figure 5. Pigment content of Odontella sp. BS-003

24 %

2 AESs Bl =2 vlolevi AT F&
B4 F3dE W3 A Ak wol i3t
UE FFE NS At RS Gl A2
Mol A e v ZFE EESAT A S
o] &3t Fejgd T4 2 18S DAN H71AE 4
S o] 83 F1H FHES S A Odontella aurita
oF v F-AFEHS YERH o] Odontella sp. BS-003¢F
TE Wttt Al 8% 1 2F Odontella sp.
BS-0032 7| s H Al =R/ vl AQ1 F2E T 24)
ol A FEE T v oA 0.78 g/Le
L Hlolem2 BEE Yo, A Y =4
O & 55Uz X7 )72 vk Tl vio] emj
AY4FEF 0.342 g/l/day, A1 Q. A4HEF 0.1269 g/L/dayoll
=239} (Table. 1) T3, HPLCE o] &3+ A4

Table 1. Characterization of BS-003 under optimal culture condition.

BS-003

Gowth rate (max, /d) 0.54(£0.3)

Biomass DCW (g/L) 1.83(x0.014)
Lipid content (%) 38(£3.2)
Biomass productivity (g/L/day) 0.342(+0.002)

Lipid productivity (g/L/day) 0.129(+0.001)
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A& T3 BS-003°] FIEIES A Ax TH
OiH] 36 %= 1 % FH3a A= A-S &AsHA
A, AL B8 53] ow7F-3 A AR 10 %
(wiw) Frete A& g1t metkA, EeldT
BS-003& =& nlo]ouj s AT FAZE, Q
W7F-3 A gAkE o5 SRek o] vAIERR

b AFEA LAY E HE8E

o] =& 20189 AHX(FHr|EHHFAIF)Y
ALoz  (AERAIY HlolQuj 2~ AT
2015M3A6A2065697 (22 ZAE| 0| ALSY), ol &
2pEel Ao w & A H F 8 S EALY
(25150184), T+=23 ™ &8 A 7 (www.kribb.re.kr) <]
FRAFY A e XY o) 3 EHASFY T
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