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Abstract The microalgae have been studied for a source of biodiesel production. It is important
to select the microalgae, which grows rapidly in local environmental conditions such as temperature
range and ingredient of local seawater. The aim of this study was isolating microalga, which
has rapid growth rate and high FAME contents in wide temperature ranges, for microalgal offshore
cultivation in Korea, one of the country with four distinct seasons. Firstly, we had isolated a
green microalga, Tetraselmis sp. KCTC12236BP, which has faster growth rate in low temperature
(5 and 10°C) than Tetraselmis suecica and Dunaliella tertiolecta 1LB999 from Young Heung Island,
Incheon, Korea. This microalga was cultivated in outdoor circulated tank photobioreactor
(CT-PBR). As a result, this microalga could grow in wide temperature ranges (6 to 29°C), outdoors.
After that, the biomass was recovered, and 13.2 g biodiesel could be acquired from 110 g dry
biomass. These results indicate that the isolated microalga, Tetraselmis sp. KCTC12236BP is proper
to biodiesel production using outdoor cultivation in Korea for all seasons.
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Table 1. Composition of MBL and f/2 medium (1 L basis)

Artificial seawater (MBL)

NaCl 247 g
KCl1 0.66 g
MgClL6H,0 8.48 g
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FeCl;6H,0 315 g
NazEDTAzHQO 4.36 g
CuSO45H,0 0.0098 g
Na,Mo0O4,2H,0 0.0063 g
ZnSO47H,0 0.022 g
MnCl,4H,0 0.018 g
a0 53

ARE ol gk Fejeh A2 18S 1DNAY
7144E A4 9 24 A3 55 T3 T DNA
2] 7] E (DNeasy Plant Mini Kit, Qiagen)E A}-8-3}
Wl NEZHE AlE DNASE FE3% o1, o]

83kl 18S IDNAS] @714 E E4<& S o

A3t A Z 2] 185 IDNA A7IAE&
7] flsf Zetolw & Al 2Hsk it (Table 2). ©]
Uie Abgste] S FAAke] G S THE
§ (polymerase chain reaction, PCR)< %3l
Zi‘:]-. PCR2 pfu DNA T &4 (PrimeStar
S DNA Polymerase, TAKARA)E AF8-3t3 3, =3
2 299 A zERFAAM FET 75 DNA 40

[H o 4Nt & Mz of
JPA 2 S‘i r% i o
ol -
> é‘; = OI-H

ol b

o I



J. Mar. Biosci. Biotechnol. 2016, p. 39 - 44

Vol. 8, No. 1 [Research Paper]

ng & AHE3IATH PCR 2Ho2E Z7|WHAS
94°Col| A 387F AAIZE 3, 98°Col A 10, 50°Coll A
5%, 72°CollA] 30%2] HH3-< 30 3] REESS AL, v
A9k DNA Al 5 231 2 A SR T

Table 2. Primer used for 18S rDNA PCR

5-GTCAGAGGTGAAATTC
iE}OI D1 TTGGATTTA-3

kel 5.AGGGCAGGGACGTAAT
Zglol® CAACG-3

MH HE 52 24

Hio] Qw2 BAS 93 A ME FHFES i
Aok FAlEF gl MEE electrolyte solution,
Isoton®I1l] & 413}e] Coulter Counter (Multisizer 3,
Beckman Coulter, Inc., Fullerton, CA, U.S.A)E 53l
MEZ A71¢ NE F=25 st

A

i
N\
off

=2 E ZFe| M20Me WEy

22 2 FAHI Tetraselmis sp. KCTC12236BP2)
Ao Aol RS RIstF T oW, Dunaliella
tertiolecta LB 9999} Tetraselmis suecica’s ™ T2
2 AT 2EA R vpHE & 250 mL AHE
B3 E AHEER o, 2 vl A& MBLe £33}
of FHIZE WA 100 mLE AHE3St 7] B2 AlZ
2 0.1 gL ¥E52 FHE3}a, 10°Coll A 50 pmol/m?/sec
o BEZ FYEL ALHOD ZASEA 120
oS Aokl WA, olel, L= 208
5°CE ®Askar, 11 9] 2L BT TS Bk
Tetraselmis sp. KCTC12236BP«] A 2ol A o] A
< ERISHALY. o] W, NZ2T O 2= Dunaliella tertiolecta
LB 999% ©]&3t3th

A

= ol g5te] SslolA Bl
oM, 99 NP LS BAHA RS
P ES7]

= AF 15 mel o] 1 mé d5Fe

2 AFS FHE Ao, dEsidte ¢
AFE 7HAIL Yo E HFEE 2] 34
ool =gl okl &

2
rd

o Mo
ﬂ*{N' P
e oo l

u
=
)]
7
l‘F‘(
[EIS
Oll

55ho] L7t
wjerelo] ThAl Wikl Fo 2 gkl §YTE
23] B2H0] w@sts 4 TPAT =D, <
] oo %%?01] @3 AE 44 YR 5 sl
=
=

E
N

tertiolecta LB 999 :rLoi /\]-Q—o]—cjl:]-

F715h olatatea EFINAQ% ol4bshera) S
cEg §ETo HEE AAT ANAFYBS
Fal Fstnl FAlo) MYAE o f2T
£ B3 A% 02 MBI F e fUF
B B3 £x W BAS <85 PHos )
Fsteart. olm, WA SRR Q1A ghkrhel A
AAT MBS B ARE BEES AAT A
sl 12 MAE EFT AL eSO, W

o hEE A % 5 Qlajrista o] £9]o]

23 Hjo|2C|He| M=

T FAERS 7] A 3093t vl S Terraselmis
sp. KCTC12236BPE 3]=317] 913t <=8k z334)
ENHS71Y &3 A 3ARE A ST £k
e ARE Aol E SR A AL, 2 AE AN S
FHHE AAEZE AMGSEY kRN AAFE AR E
st 1 & oA EE AFE gL &2 AdE
o st A AE3|FE AT MEE &



J. Mar. Biosci. Biotechnol. 2016, p. 39 - 44 Vol. 8, No. 1 [Research Paper]

Fg7)o Fo} Fa} 40°Col FA3 S TAAXS 2} 7} 22 0] WA H
o FAAZ AAE F5SGTE A8 FAld 300 wEke] FAHEAS AL

mL WS} 5 mL g 4H95%)S Ll 7HE sk

_,
N
N
o
i—‘ﬂ
>

N
N,
of
152

O
6=
L)
I, o
i)
Jo
F ,

H

o - 5 4 3
6AIZFESE B Rk 3 O ekt 1
A3 A5 250 mL n-FAkO = 33] 27 F, -8 FFo| | YW SH
A 53t ZutolenAdS Atk xrkol oY APEest 42 &5 rMERF THES 1ol
A axFstol A B8 SR8 Hlo|euAdS 5 o) 2 w2 MBLY| £3)5te] ZuIgk wiA| el HEs}
SHaiTt. 3 EBEH Hd 5220 10°ColA 50 pmol/m’/sec?] F =
2 FF5S A5H0 7 2AEFEA 24 Well Plateol] A
Ho|2C| o] 24 2z27) wjoFstaTh Wlokak 2 o AR o] Py
FE3 HloleUAL 7} EnkE T8 9)(Acme TFE Agsta, o] 100 mL F97HA] FEE 7)Y
6000 GC, Younglin, Seoul, Korea)E ©]-&3l] FAMES & A1 10°Col A 50 pmol/m?/sec?] FE=E AL Ei %
I} A& B389 T) Capillary Column (HP-INNOWax,  AFSFHEA], 100 rpm o2 WHIAIA A EE 6] 45t Th
Agilent, Califonia, US.A., Z2°]: 30 m, A7 0.25 mm, A2 HEE o] 83t 18S IDNA H7|IAES 4%

7 0.25 um)S 018381, 7% 3 mUmin®] F7F A, Figure 13 20] 685 bpe] T %—sﬂ 188
25 o] GO R o] &3 28 M-S %7 DNA T 9] A7AFAM IS 1)S AL = U3
E 25 140°ColA 13F AXEH  240°C7HA] t}. o] A7 ES o2 3ke] NCBIQ] BLASTE
5°C/min% 525t HFEL2T oA 1087 A XA ALgste] eSS AR A Tetraselmis striata$;
FAME standards mixture (F.A.M.E. MixC4-C24, SUPELCO, Tetraselmis carteriiformiss X33t Tetraselmis®] &
Inc., Bellefonte, PA, U.S.A)2} WA ZF #2] FAMES] FE3 1DNA AFo] 100% L3 A3E 53l
AAANZES ¥aste] FAME®] 73R4S AAISHA A, Tetraselmis <79 &3l dF2 A=

( A) 1 TGAAAGACGAACTTCTGCGAAAGCATTTGTCAAGGATGTTTTCATTAATCAAGAACGAAA 60
61 GITGGGGGCTCGAAGACGATTAGATACCGTCCTAGTCTCAACCATAAACGATGCCGACTA 120
121 GGGATTGGCAGACGTTTTTTTGATGACTCTGCCAGCACCTTATGAGAAATCAAAGTTTTT 180
181 GGGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACC 240
241 ACCAGGCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGAAAACTTACCAGGTCCAGA 300
301 CATAGTGAGGATTGACAGATTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGC 360
361 CGTTCTTAGTTGGTGGGTTGCCTTGTCAGGTTGATTCCGGTAACGAACGAGACCTCAGCC 420
421 TGCTAAATAGTTACTCCTACTTTGGTAGGAGGTGAACTTCTTAGAGGGACTATTGGCGTT 480
481 TAGCCAATGGAAGTGTGAGGCAATAACAGGTCTGTGATGCCCTTAGATGTTCTGGGCCGC 540
541 ACGCGCGCTACACTGATGCATTCAACGAGCCTAGCCTTGACCGAGAGGTCCGGGTAATCT 600
601 TTGAAACTGCATCGTGATGGGGCTAGATTATTGCAATTATTAATCTTCAACGAGGAATGC 660
661 CTAGTAAGCGTGATTCATCAGATCG 685

(B) Platymonas sp. CBS 152475
Phaeodactylum tricornutum
Tetraselmis subcordiformis
@ Tetraselmis sp. 12236BP
Tetraselmis striata
3 Tetraselmis striata
3 Tetraselmis chuii

o Tetraselmis sp. RCC126

Blastnames soloe sp v Tetraselmis sp. RCC123
Green algae
Diatoms ¢ Tetraselmis sp. RCC120

unknown

Tetraselmis apiculata

Figure 2. (A) Sequence of 18s rDNA of isolated strain, (B) Phylogenetic analysis of the 18s tDNA of Tetraselmis sp. 12236BP
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Figwre 3. Growth of isolated strain Tetraselmis sp. KCTC12236BP (@),
Tetraselmis suecica (@), and Dunaliella tertiolecta LB 999 (H)
at 10°C
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Figure 4. Growth of isolated strain Terraselmis sp. KCTC12236BP(@)
and Dunaliella tertiolecta LB 999 (H) at 5°C
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Figure 5. Growth of isolated strain Tetraselmis sp. KCTC12236BP (@)
and Dunaliella tertiolecta LB 999 (M) in outdoor circulated
tank photobioreactor
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