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SUMMARY

I. Title

Production of bioenergy using cold resistance polar organisms

II. Purpose and Necessity of R&D

The eco—friendly alternative energy production technologies are needed to
solve the problem with fossil fuel uses. Bioenergy is one of the renewable
energies that can fast recycle the carbon. Even a lot of studies on the
bio—energies are performed and progressed, the research on polar organisms is
not active now. Korea has the four seasons, therefore there are particularly
large temperature difference between summer and winter. Also, it is difficult
to produce bioenergy in the winter. The microorganisms from polar regions
can be the strongest candidate for bio—energy producer in cold winter season.
This study suggests that the bioenergy: from polar microorganism fulfill
renewable energy need and fundamentally solve the problem of global

warming.

M. Contents and Extent of R&D

In order to select the cold resistance polar organism, the effects of
temperature, medium components, light intensity, and CO2 concentration on the
growth rate and final cell density were investigated. The lipids were extracted
and transformed to FAME (fatty acid methyl ester) and then analyzed by
using GC. The residue biomass was pretreated to make the fermentable
carbohydrates, and then wused in producing bio—ethanol by yeast

Saccharomyces cerevisiae.

IV. R&D Results

1. Selection of the cold-resistance polar microorganisms



The 33 species of polar microorganisms collected from the Antarctic King
Sejong station were compared in growth rate at low temperature and the 5
species were selected as the fast growing microorganism. Especially, Kluyvera
sp. showed almost equal growth rate at 35C and more than twice below 25T
when compared with E. coli.

Chlamydomonas sp. ArFO008 was selected as the biomass producer among

10 microalgae from the Arctic and the Antarctic.

2. Biomass production and lipid analysis

The best conditions for the production of ArF0008 biomass was 12-16
T, 100 1mol/m?// s, and air supply without additional CO.. It was found
that nitrogen deficient conditions induced lipid-producing of ArF0008 as
much as Botryococcus braunii, known as high lipid producer.

We confirmed that ArF0008 produced C16 and C18 compounds can be
used as raw materials for biodiesel, The FAME production of ArF0008
was 83-230 mg per 1 g of dry cell weight.

3. Bioethanol production

The residue of ArF0008 after extracting lipids was used for ethanol
production. The efficiency of pretreatment was investigated and the a
—amylase treatment showed the highest. Saccharomyces cerevisiae was
inoculated and cultured in the pretreated samples for 24 h and then
ethanol concentration was analyzed up to 28 mg/g ArF0008 cell. In
conclusion, it was found that more than 25% of the dry cell weight of

ArFO008 can be converted into bio—energy.

V. Application Plans of R&D Results

The biomass technology for the polar microalgae can be utilized in a
variety of culture and biomass pretreatment process of the polar
microorganisms. The optimal culture conditions for polar organisms can be
applied to the food, pharmaceutical and environmental industry where the
development of outdoor cultivating system with light transmission and
excellent mass transfer is needed. In particular, the production of biodiesel
using microalgae during cold winter season is expected to contribute to

confirm availability of the production systems for four seasons.
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Table 2-2. =1 v}o] Qo|uA] A 74 A &

FRAF - A 2T ARBAE | Fasheo Qf%
And oo dmg (9L, VAL §) | BE (%) | 40% -
SERE F5 (M%) | 0% p
whol o wEles % uAR F5 (%) | 60% »
wele. Abs (e, ) =g 80 b
47449 P 59.3%

A 2Ad =9 AGE3f

AMA vrolodm FAAEL AzE ok 6209 gy =R AlF3alde] (Ton of Oil
Equivalent)®2 #Al4FstE 35,000 KTOEo| ™, ©] <5 nlo] Qo gh&o] A9 80%°]4

2 ARG, vpolQolgee T3 nebde] YakFe] WA 80% |42, npel
QT Ae BUS| AAHIFo] A9 oF 60% o4& AX gt nk EU, A 5 F
2 AQASEe AR 4G vpelen s YR Agets 1Ay vlelodne] Ax &
Ry BAE Ay N B4 welonag Anw s 240 2
MAZR, S48 A4k 30 vl edr YivlE A ATE £9 F 9

=

L =

2007 2300%F KL vlo] Lol x|& 2017 7kA] 1279 9F KLZ (o]F 10%+ 52
A) 7vEY &M E 15% 15 F3139 (Renewable fuel standard, 2007. 1. 23).
AFZAA, vpo] oA = A At #d Zlsside] 5dz 1798
S FAsta vk 4244 A FEU4Y (IPHE) 5 AlA F59 Adsa gle
&g vto] QoA ALkske]l THl FUFETE 20251 ThEH A RS 25%E ut
ol oetE®E e (Wpo]ool vk AR 20120 1209, 20150 1509, 20250 350
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AA)sE o Aot} (Kim, 2008). Aventine Renewable Energy Holding Inc.ol A
2 E] nlo]QoerE Astslar Q) wpo] Lo EtEe] 8 F HAAE A
A e ALAAE AEFEAY H4e EAE oblg & 7] wol
of mlsf A Aol $7F AF] MxF{F (FxF)E vteled

2o A
NNeNte s vk
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i
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2. e

20203 7kA] ol U A n]wEe] 20%E Fo]LAF ‘20% Energy Savings by 2020" %
crHheg Axu FAH AY FAAEA T, FAUA 4n|e 12%, FEdEe] 22%
£ vlololyA R FHsts As SR st vk RDAY e ®mE A4 oy
A7le AE, ZeldYa Zr2aq] AP HE oux] F3 Zrade] Al Fo

4

o Ame @4 Asd oA

0

O

A HAS sty of 1809 EHE FAEtn

S FE5E duyxe 575% A, ARk 5% &3,
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ZFol 41%E H-rstar 1 (Jeon and Han, 2014).
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AEAEY A 53 old o
nhol ovl 2 HEHS 9% B

ERRMA (European
Renewable Raw Materials
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B4 oilel 37, FYA B
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New Mexico State Univ.
(Pete Lammers)
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sk ErglE]ol: 20109 12€9 % 2011W 12971K) FZAEHE 7R FH Q)
, B AoF 5o AlgddA At (Fig. 3-1). Al&EE Sl d¥sle] &

2 A & zF= 1A viA] (Table 3-1)o] Z=@3dto] 15CoA wjekst

2011.07.31
2011.02.22 2011.02.12
2011.09.19

2011.01.24
2010.12.22

ety
2010.12.26 L ) I 2011.03.12 | . §

2011.01.27

2011.03.17

Fig. 3-1. W4 FANBA R 22 A
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Table 3-1. W3t AL gxo] AFE3E v x| %A

Medium GYE TSB L&V
Yeast extract 10 g/L, | Tryptone 17 g/L, | Cellulose 10 g/L,
Glucose 10 g/L, Phytone 3 g/L, Yeast extract 1 g/L,
Agar 15 g/L NaCl 5 g/L, (NH4)2504 25 g/L,
KoHPO4 2.5 g/L, K:HPO, 0.25 g/L,
Composition Glucose 2.5 g/L, NaCl 0.1 g/L,
Agar 15 g/L MgSO47H-0 0.125 g/L,
FeSO4 710 0.0025 g/L,
MnSO44H20 0.025 g/L,
Agar 15 g/L

et mAzEFE ZHAF27 B g nAZRF 2000 F FolA B2}
Abatslz]|z] FREOA AFHE 105 (ArF0004, ArF0006, ArF0008, ArF0013,
ArF0022, ArF0024, ArF0026, ArF0030, ArF0032, ArF0048)S A Asle] o]F A&

AM AAEETE w2 T& AAsAH

2. F7 vreelol R v AxFe W

7. =2 ukdeofe] vl
]é_% kﬂ%ﬂi}7];q “Zr‘?]ioﬂ/ﬂ jH%TS‘]—Ofl Q—E_t:ﬂ- ﬁ-%l——c 10 ng] R2A HHX] (Table
32014 GEskel 10T, 15C, 20T ol A 2H2t w) a9k,
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Table 3-2. =4 drelgjo} wjeFell ARE-7E w4 o] =

o,

Medium R2A M9 LB
Yeast extract 05 g/L, NagHPO4 7H20 12.8 Tryptone 10 g/L,
Proteose peptone 05 g/L, | &/, Yeast extract 5 g/L,
Casamino acid 0.5 g/L, KH:PO: 3 g/L, NaCl 10 g/L,
NHCI 1 g/L,

Dextrose 0.5 g/L, y

Composition MgsS0s 0.24 g/L,

P Soluble starch 05 g/L, Eo &
Glucose 4 g/L,

Sodium pyruvate 0.3 g/L, CaCly 0.011 g/L,
KoHPOs 0.3 g/L,

MgSO47H>0 0.05 g/L

7t 2ol HAREES T F (10T HAFEE)/(20Ce HAgEEE) &
< Tgste] AAA Aol wmE 5% MASTE AASE 5FH gt
(Escherichia coli BL21 (DE3))2 2z}Z}; RZA, M9, LB (Table 3-2) #]X]e|A 15T,

o A1 wA 2T e

g Sa2oakasls) A (78° 557 N, 11° 567 E) ¥ gl A Ay s
Zadg 2 ZgnErus £ mAERF 1022 BBM WA (Table 3-3)°llA]
47T, 8T, 127, 20ColA 717 149 3+ wjgele] nAdd S5 AxAME THE
H] 38193 o}
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Table 3-3. =4 " AlZF v ol A& vlA ¢ =4

Medium BBM (Bolds Basal Medium

NaNOs 250 mg/L,

CaClz2H20 25 mg/L,

MgSO47H20 75 mg/L,

KoHPOs 75 mg/L,

KI2POs 175 mg/L,

NaCl 25 mg/L,

Composition | EDTA / KOH 50 mg/L. / 31 mg/L,

FeSO4 70, 2S04 498 mg/L, 1.0 mg/L,

Hz:BOs3 11.42 mg/L,

Micro—nutrients 13.03 mg/L,
(ZnSOs7H20 8.82 mg/L, MnCl2'4H:0 1.44 mg/L,
MoOs 0.71 mg/L, CuSOs5ILO 157 mg/L,
Co(NO3)2'6H20 0.49 mg/L.)

3. %4 whol e 2e] AA Y

7t MAlZFE 2-4CAAA WY, FAFAR 1A 2Ee] FE& F ]
el AAE wixlo] HEHTL d2 7#FE Ydd =(nile red)E GA 3] &3

oz ®ASAT. vwAxR{e AAAE HE:s7] s ddd= A%
=

Ol

~

FEAv 7 (Zeiss Axio Imager 2, Germany)¥ AxioVision 4 software (Jena,
Germany) T2 AMESIATH @ AEE g o] oA 7| (Ehk, excitation)

9} o)A (emission)& 488 nm<} 550 nmth Udyez AAEgS AL v
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—amylase F@7}ste]l 90ColA 303t HsAY, 23 #2] $ a-amylase A&
E 59 (Fig. 3-2). 4 Al m+ Eatst & Saccharomyces cerevisiaes 8% 314

AEtE AAHE F=e

o[ =

Soni@tion (ZC0ming
:;' | + 1‘ ' EE—— 9 -

. enzyme it e

Soni@tion (Z0ming .
= 5 rereviiae
L3 + 9 *lat20 % for

anzyme 24h

& D Man-treatrment

4. AAE glowpo] el ghE 4

el sty AWk (Fatty acid methyl ester, FAME) 242 93] 71~ aZnE
13 (YL-6100GC, Young Lin Science, Korea)E AF£3}9lal H2Lo] 231757
(flame ionized detector, FID)2} HP-FFAP 7€ &g Z % (capillary column, 30 m
x 032 mm x 0.25 um, Agilent, USA)o. 2 HZEZ3 9t AAZEAE oA 257
ke W AlZEF (ArFO008) 5 Al (3500 rpm, 302, 4C)ste] 3+ <
SHTE 23] AAHe oA dAdEee] #AE G F FEAUA. 20
mge] T4 AxE ArF0008 AlRE AFE3le] Sasser AW (Sasser 1990.
Microbial ID Inc., Newark, Del.) o2 X4 & FZE3A0. vlF3 (s
2 mLe ¥]F3 &< (75 M NaOH:CHsOH, 1:1 v/v)< Al&<} &3st1, 100Cel
A 304 RESAIHTH wHE-A S WA 7 CH3;OH:6N HCI,

&
R
Il v/v)& B3 80TolA 10& vhgAH k. o] vhgoE =npz ;

aponification) &

O& ~~

4N F, 5%



4o (hexane:methyl tert-butyl ether, 1:1 v/v) 25 mLE #H7}slx 105 3F AW
(inverting) 3t¥th ¥ oz ko] 3 (aqueous phases)S AAZ I, 6 mL
2] 0.5 M NaOHE 7] &7 Sol ¥tk 6 7+ AWE s & 5 ddse 3
gte] GC #4420z Algatdlth GC T2 192 100CeA 58, 9 S8 4T
2 20T7HA =gslesE AAFAY. FAME 248 93 1543+ Supelco 37
Component FAME Mix (Sigma, USA)& AR&3}5 Tt

vlo] ool gh-g o] B4 HE NS AMEse] AsdE I F s ArRvE
a# 3 (YL-6100GC, Young Lin Science, Korea)& AH&3te] 35Tt GC ==&
88 injector 220C, column 45T, 10%, FID detector 240C%= A4 3s}sit}. vlo]
Qoers BALE 98] HP-FFAP column (Agilent technologies, Inc, USA)S Al-&
skl

oA 21 5 (Table 3-4)& wWi¥etHA AFERE H . d5F5 PAMC
(Polar and Alpine Microbial Collection)®ll 7]€ s} t}.
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Table 3-4. & Aol A A& =4 vhg o}

M3 PAMC No. Strain No. o w4

1 27369 L&V 7-5-GYE Pseudomonas trivialis
2 27370 L&V 9-9-YW Hafnia sp.

3 271371 MB sw 1-B1-Y2 Arthrobacter sp.

4 21372 TSB 3-8 Pseudomonas sp.

5 27373 TSB ww H20 Enterobacter sp.

6 27374 TSB ww shiny Kluyvera sp.

7 27375 TSB 9-14-W-La Pseudomonas sp.

3 27376 GYE 5-12-RW Pseudomonas sp.

9 27377 L&V 5-12-Y-Spr Pseudomonas sp.

10 27378 MB sw 2-T1-RY -

11 27379 MB sw 1-B1-W -

12 27380 MB sw 1-B1-Y1 -

13 27381 MB 1-B1-R -

14 27382 TSB 9-13-Y Pseudomonas sp.

15 27383 L&V  5-8-W-5Spr Pseudomonas sp.

16 27384 L&V 3-3-Spr Flavobacterium sp.

17 27385 MB-sw-Y -

18 27386 L&V 3-9-Br Chryseobacterium jeonii
19 27387 MB-sw-RY -

20 27388 MB sw 1-B1-R Arthrobacter agilis

21 27389 L&V 5-8-W Rhodobacter sp.

7t ool 24ATF B AR ALSEE 2 A Y L7 5e4E
Axs5=7b =3tk (Fig. 3-3). 54l He gotol A vt 20C A= 7hA = A 7ol
At o] Fo]We & & Urh
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rwih rate

C Ere

Specifi

3. 34 wrelelobe} gt A% W

AZol A Aol e 535 AAGAT (Table 3-5). A4 533 Hd+ (E
coli BL21 (DE3))& #17} R2A, LB, M9 Hl Aol 15T, 20C, 25°C, 30C, 35CllA

=
et Axses

Table 3-5. AolA 7o) we 559 F

H] a3kl e

N
'S
=
ol
ol

HE PAMC No. Strain No. o
1 - GYE 5-3 Spr -
2 27369 L&V 7-5-GYE Pseudomonas trivialis
3 27370 L&V 9-9-YW Hafnia sp.
4 27383 L&V 5-8-W-5Spr Pseudomonas sp.
5 27374 TSB ww shiny Kluyvera sp.
6 - o g E. coli BL21(DE3)

R2A v Aol A 1, 2, 3, 4 ¥+ 35CoA AL AHAslx &k, 6 i
H

Kluyvera sp.t +EHz 12 AFS H

15Col A o] =

(Fig. 3-4).

R

Bk 5
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R2A

B15C N0 N25C- N30 N35L
3.0

0.0 ‘lll ||‘| IIII_ |“I |||| ] |II
1 2 3 4 5 6

Strain

e
[=]

Cell density (0Dgon)
=

Fig. 3-4. R2A v A olA A f-2) dre ol 553 gty 2nd A%
Hlml (Z} F5F3E= 15T, 20T, 25°C, 30T, 35ColA 244

ZAqse] AZ FEE vasth)

a5
=
o2 ¢
i
o
S

5

3

LB wixlel Al 1, 2W w5+ 35CelA Aol AslA] ekokar, R2ZAM AR} 15C
olA el =%t (Fig. 3-5).

LB
misC m20C W25 W30E W35C
B0

4- “| ‘l‘ |‘ “ll ||
1 2 3 s 5 §

Strain

o
[=] [=]

Cell density (O Dgon)

=]
[=]

Fig. 3-5. LB #lA el =Afel wreeor 552 tigde] 25 43
HIL (b FFE 15T, 20T, 25T, 30T, 35CAA 2442wk F 600nm

AN FHLEE FAste] AE TS BlusdTh)
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M9 R A 3 TFe ALY K e WbH 5 T EE 20, 25CoA wWE
A At (Fig. 3-6).

M9
misE m20E m25E W30E E35E

Cell density (ODgoa)
-
|

Fig. 3-6. M9 iAo A =Afref drelefol 553} oidare] &= 4%
M3 (ZF R 16, 20, 26°C, 30, 35T A 24417 Bl - 600nm

oA FAEE 2A] AX FEE WuFAT)

ZF WA, 2 5ol AAAE S o A3} 59 Kluyvera sp.7b A& 2 S0 A
Aol et Aow HyHo o & Ut 7 oA HAGEEE Hlus)
= ol &E At R2A ¥iX| ol Kluyvera sp.9t W&we 22 HZF 38kl 15T, 20T,

25T, 30C, 35ColA st HAAFEES ekl (Fig. 3-7). vt e o)
A F& 5 35CoA mldslgdS uw 1.386 h'! o193, Kluyvera sp.2l Hul ¥4
FEEE 30CoNA MEed S wf 1430 h' o2 AxEAt. 35CoAA Kluyvera
sp.d MAAEEE 1348 h'® dgdEd A FAEIAR, 15CA gEe
0.146 h'9l A Kluyvera sp.= 0362 h'z 2\ o] Axbo] watt}l Kluyvera
sp.v AL B F2oA dEATRY o] mE Aow <l HAH
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—a—Kluyverasp. —m—E. coliBL21 {DE3)

15
-
o a

Sl
=) o m
= pe
&
S 0.6
(4]
= -
- &
é 0.3 -

[ |

15 70 25 30 35

Temperature (°C)

Fig. 3-7. 2= W& Kluyvera sp. ¢} e WAFEE (35C 2]
a2 ek %A Kluyvera sp.7F 3w RY 52 AAEEE BT

Kluyvera sp. & R2A WA 64 M FEA CO.E TRk 20 0 ATHE
Ast2 zAbEh T WS 250 mL A7t EEAAE o] gl en, 150 rpmel A X
Gl FstE A F7) EE 5% COt EFH 718 FFAATG (Fig. 3-8). Mgz

[
= B TR FUA WFH A9 Y me
lg_ -

Ayt (Fig. 3-9).
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@ 5% CO,

Qz;s | i vent I

Mixing
E‘Q\—' Chamber

Pure ° 5
Co, 5

Shaking incubator

Fig. 3-8. COz s=x4o] 7153t v A 2H

Fig. 3-9. COz &=l wWZ Kluyvera sp. 7%

=

o GA mAERe g4 L 5 77 A

MAZzFE FFAe] bestel UALS e Fojof a}% H‘ﬂlﬂo}cﬂl g
ARG NGO whol omj i AN %

% h5e u}olgoﬂux] *M} Azglo] FEEE R A A
3t v M AMEF F ArF0004, ArF0006, ArF0008, ArF0013, ArF0022, ArF0024,
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ArF0026, ArF0030, ArF0032, ArF0048¢] 10&< BBM Hjx|ol|A] &} 1647+ &<t
218 F5 ZHCA 4T, 8T, 12C, 20Tl zHzE wjdsliAy 259 AgEs
233kt ArF0004, ArF0013, ArF0028%5°] =x=wlg 1274 AFE39n
ArF0030, ArF0032, ArF00482 10T o]ollA A&7 =

3-10).

i mEL m12T° m20n

0.25

0.

(TR

0.0
ArF4  ArFe - ArFE ArF13 ArF22  ArF24 - ArF2B ArF30 ArF32 ArfF48

P

0l

L

0.

[

LN

Specificgrowth rate (d!)

Strain

Fig. 3-10. W& we] whe 34 vH2fe) 4455

1058 vMAlzEFE 44 12TolAM 399 &b wieks A3, Ax ar7r 2
ArFO008# ArF00247F 15 % R AT (Fig. 3-11).
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Fig. 3-11. A MAZ=/F4 43% v (ArF0008, ArF00247F 3L

T k)

off
=
i
o
ne

AzZ=S ArF0008e] -9 0.65 g/L, ArF0024°] 29 041 g/Lath (Fig. 3-12).
ArFQ008E nlo] v~ AAF T2 HAA S ]

0.8 = = — = =

=
3
|
I
I
1
1

0.4

E.Ii Ii iii.

ArF4  ArF6 ArFB  ArF13 ArfF22  ArF24  ArF28 ArF30 ArF32 ArFag

Oy cell weight (g/1)

=
[

Strain

Fig. 3-12. 54 mAlzRe dx £ v (12T, 399 Wd & 44FS
olgsto] Az F AT FASAT)
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2. vlol o m A~ AL " x]F FBA

7F =R v AlZF ArFO08 AlE 4

A vAEF AR08 #FE el W F, FUHQ BAB B4 PEe
Fal ®Ao] o|FojAth. B4 AT RS olEel DNAZ AHgslel EAsgn

Genomic DNA+ DNeasy Plant Mini Kit (DNeasy Plant Mini, Qiagen, MD,
USA)E FZE39th 5% DNAT T8 84 A3 && &8 &9 SSU rDNA
(small subunit ribosomal DNA) +Hx& Ao s Xt 3 T4 A4 v
Sdeol G FEFF DNA 4050 ng, 10X EX TaqTMbuffer 5 pL, dNTP
mixture 4 pL, AWy Agke]l Lol E ZHZF (0.7 pl, TaKaRa EX TaqTM
(TaKaRa Biolnc., Otsu, Shiga, Japan), DNA £3% &4 025 uL® 39t DNA =
L 94Tl A 28 5<F DNA o|F7lee ddristo s WA 7= A, 45°C°ﬂ/\1

2% &< Zpolv 7k DNA 7Zheell Agtel= vbS, 72ClA 42 &< DNA 7heol
FRAQ ANTPECl A&ste] DNA 7heto] A7 Aol A= AHom wAy
B A A EE FG7A BE 3B RS, 72°C oA 5 Bk wAE 4l
e Bom sl

A7 42 FAFE PCR A=< ol&ataith 971449 #4& ABI 3730 xl
DNA Sequencer (Perkin Elmer Applied Biosystems, Foster City, CA, USA)E 9]

g3, AearIAd FHE AT e SSU rDNA #3739 d714dE&
Genetic Data Environment 2.2 (Mac GDE) Program (Smith et al., 1994)-2 o] &3}
of At ZF FAAe] AVIMEL ol wxE HUIME nluse F4
sttt AEE ;e SSU rDNA A=) A7) L& European Ribosomal RNA
Database®] ZEtv]| =Xy @ A3 =¥ (Chlamydomonas reinhardtii, M32703)2] 2
A gzl o] HPskY. sl BEA 2 EFuit 9714 d A Eo
7bFsdlen, o] FEE E& AT A o] & ATt o5 A AF 42
o] %]l (Bayesian)®} RAxML (Randomized Axelerated Maximum Likelihood) *H
< o]-&stith

o« 4 e MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001;
Ronquist and Huelsenbeck, 2003; Alterkar et al., 2004)2 o] -&3}ich £ X3
H}A o7 MODELTEST v. 3.7 (Posada and Crandall, 1998)2 3Fith. @44 %
H] ®H 2% (Hierarchical Likelihood Ratio Tests, hLRTs) 23 GTR + I + G
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model X @o] A=A wo]AA E4L ddd gD = 1,0003] #HEE S
H, GTR + I + G Wstrds o]&&to] 20000008 ¢ F-2H¢] FE2AF
Ak =3 AFFolA % 2Fo|(Likelihood scores)E 7|F2oZ W

(burnin point)E Aste] WY ZAE o]Fd] ABFTE 20% T AMMAA

(majority consensus) 3F1t}.

RAxXML 7.0.3 (Stamatakis, 2006) Y} PAUP#4.0b 10 (Swofford, 2002.
Sunderland, MA: Sinauer Associates)< ©]-&3dle] 241319t RAXML &40l 9]
€2 Axtd WS RAXML 24 ARgaolth. RAXML 242 TrN + G + 1 %
s 1008 WY AlE2~ oy A (random sequence addition), TBR H.#l %] 29}

3 (TBR branch swapping) 2.2 W74 g4 (heuristic search)e 33} % T

ArF0008+ #9] SSU rDNA 9714 <€ (Fig. 3-13)2 A& A58 1687 bp WA
2670 bpel 29% 48F°] A7IA A wuste] EAAE EASAT o5 Foh
=2 (Chlamydomonas) &(order)¥ ZF=Z = EH(Chlorella) &, F /19 Ho=
FojF o, ArF0008 HldFE Fanmmus &3 A AAHAY (B=1 and
ML=100%, Fig. 3-14). 7] ArF0008% @=rAH-Fstd 14 (KCTC 12698BP)<l
20141 119 03Lol 71l

_42_



TAAAGAATTAAGCCATGCATGTCTAAGTATAAACTGCTTATACTGT GAAACTG
CGAATGGCTCATTAAAT CAGTTATAGTTTATTTGATGGTACCTCT ACTCGGAT
AACCGTAGTAATTCTAGAGCTAATACGT GCGCACATCCCGACTT CT GGAAGGGA
CGTATTTATTAGATAAAAGGCCAGCCGGGCTCACGCCCGACCTGCGGT GACTCA
TGGTAACTTCACGAATCGCACGGCCTTGCGCCGGCGATGTTTCATT CAAATTTC
TGCCCTATCAACTTTCGATGGTAGGAT AGAGGCCT ACCATGGT GGTAACGGGT G
ACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCT GAGAAACGGCT ACCACAT
CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTG
ACAATAAATAACAATACCGGGCGTTCTACGT CTGGTAATTGGAATGAGTACAA
TCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCTGGT GCCAGCAGCCGC
GGTAATTCCAGCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGE
AGTIGGATT TCGGeCeteT CGCGeCEGET CeGCcTCTGGETGTGCACTGCT GTCGATGC
GCcTTTctGTCGeGGACGGECT CcTGGGCTICACT GTICGGGACT CGGGCT CGACGaG
sTtACTTTGAGT AAaTtAGAGT GTICAAAGCAGECGAT CGeCetGAAT ACATTAGCA
TGGAATAGCACGATAGGACTCTGGCcTATCTTGCT GGTCTGT AGGACCGGAGTA
ATGATTAAGAGGGACAGT CGGGGGCATTCGTATTTCAAT GTCAGAGGT GAAAT
TCTTGGATTTTTGAAAGACGAACTTCT GCGAAAGCATTTGCCAAGGATGTTTT
CATTGATCAAGAACGAAAGTT GGGGGCT CGAAGACGATTAGATACCGTCGT AG
TCTCAaCCATAAACGATGCCGACCAGGGATCGGCGGGTGTTCTTTTGATGACCCC
GCCGGCACCTT GAGAGAAAT CAGAGTCTTTGGGT T CCGGGGGGAGTATGGTCGC
AAGGCTGAAACTTAAAGGAATT GACGGAAGGGCACCACCAGGCGT GGAGCCTGC
GGCTTAATTTGACTCAACACGGGAAAACTTACCAGGTCCAGACACGGGGATGAT
GAACAGATTGAGAGCTCTTTTTTGATTCT GTGGGT GGT GGTGCAT GGCCGETTCT
TAGTTGGT GGGTTGCCTTGTCAGGTTGATTCCGGT AACGAACGAGACCT CAGCC
TGCTAAATAGTCGGCGTTCCTTITTGGATCGCTTCGACTTCTTAGAGGGACTATT
GTCGTTTAGGCAATGGAAGT GT GAGGCAATAACAGGTCT GTGATGCCCTTAGA
TGTTCTGGGCCGCACGCGCGCT ACACT GATGCATTCAACGAGCCTATCCTTGGCC
GAGAGGCCCGGGTAATCTTTGAAACTGCATCGTGATGGGGATAGATTATTGCA
ATTATTAGTCTTCAACGAGGAATGCCTAGT AAGCGCGAGT CATCAGCTCGCGTT
GATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCT CCTACCGATTGGGETGTG
CTGGTGAAGTGTTCGGATTGGCCCCGET T GGT GGCAACAT TGACCGGAGCCGAG
AAGATCATTAAACCCTCCCACCTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCG
TAGGTGAACTTGGCGGGAAGGA

Fig. 3-13. ArF0008 SSU rDNA A &5
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JE5 Pleadorina japonica NIES3T7T
-84 Tetrabaena secialis SAG123
(0.95/85 Volvox globator SAG 19980

Chlgmydomonas reinhardtii T3055
Goniim multicoccum NIES1T08
Vitrenchlamys incisa CCAP110
o ?’anfsrharl‘..mpwudnmh T56011
Hemiflagellochloris kagakhstaonica AB244244
Fasciculochloris boldii UTEN145]
Harmaotila bemnista T56006
Heterotetracystis akinetos UTEX16T3
Neaellorosarcina deficiens UTEX1T00
Cephalomonas gramulata TgS0801A4
Heterochlampydomonas inaegqualis UTEX]TT05
Chlvrosarcing stigmatica TTEN9G2
Hafnismenas reticuluta Shizuoka
Chloromonas reticulata UTEXLE1270
Lobm'frfamn ségnis SAGITS
0.9/83 Asteracoccus superbus LANMC 209
Carteria radiesa UTEXLES3S
s it “hlamydomonas sp. 1CEL
09651 ¢ “hlamydemonas sp. JICEW
17100 Chlamydomenas sp. Antarctic2ES
097061 Chlamydomonas kuwadae NIES96E

0.97/100p ArFO00R
|’“"‘| [(.'Mam_rdnmfmm'ﬁp HYNPOOS
0,9981 Crophila amblystomatis T1008253

/100 Haematococcus pluvialis SAG341b

Rusalka fusiformis MIES]123
Lkl‘nrogunmm enchlorum SAG122d

Characium saceatum W34319
L— Brachiomeonas submarina var, pulsifera UTENS03
Asteromonas gracilis M95614

Dunaliella salina WME4320

Crusgnir neglectum NEIS439

Polytoma uvella UTEX 19

[, 86/ 40

0.7%/-

SHTVAY NOWNOCANY THD

DESE 1 Dysimorphococcus globosus SAG20]
Golenkinia longispicula SAGTIE0
Dictyosphaerium efrenbergianum CCAPZIZIA
e L 1 Parachlorelly beijerinekii CKS

Chiorella vulgars ENMCOCET
Actinastram hantzschii SAG2015
Heynigia dictyesphaerioides CCAP22220)
Didymogenes palating SAG3062
Micractiniwm pusillim SAGT93
Meyerella planktonica T221620

Do Psendachlorella pyrenoidosa SAG1E95
Koliella sempervirens CCALA3ZG3
Coccomyxa sp. SAG2325

(L8070
N

SHIVTITIOTHD

0.85/84

Peniwm margaritacenm 1zusd 10
Netrium oblongum SVCE235

(.03

Fig. 3-14. ArF0008¢] A& %=

ArFO008e g =5XolA wigslds M2 te B9 Ble Faste] 44
A h ArF0008 BBMellA 7} £%(4, 8, 12, 16, 20, 25C) d
Zoll A 257 ik & AiHER] Axs=E 54 Hast
&’idr. 1 A3 12-16ColA HH FFEHEE Yebda 25T Hd Ao Ads)
e 4TAdME HHLE 50%0]d s Fdedth(Fig. 3-15). o F
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ArF00082 o] &3 A AL 2525 I6TCE A3k th

120
100
80
60

40

Relative cell density (%)

20

4 8 12 16 20 25

Culture temperature (°C)

Fig. 3-15. ArF0008 ©5¢] %o & Ad&5% vl

ArF0008<] g7l theh FeF R o] iksha o ks
50 & 100 pmol/m”/sel FwelM 1) olitstetas FHEAY 2)
A 3) W (shaking)We SHeA 253k WY F ATFEE

3-16). 1 A3} =& FEolA AxAFo

o BE
3]

Fig. 3-16. mAlz=R wlg &A (A) 71Asw 22 2 gF2s B) FEdxd
o

A2 R W B
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i

20 A1

15 A

1.0 A

Dry cell weight (g/L)

05 A

0.0 -
shaking + air + CO2

shaking + air shaking

B (Z2F=50 pmol/m2/s) m (ZH2F=100 pmol/m2/s)

Fig. 3-17. &% 2 CO27} ArF0008¢] A dol A= 9%

ArFO008 A5+ AF kol 680 nmolA F3 %= 9 AxFHS S48t #A44Y

T3 th ODgo=1 w, oA Ax FZ%FS ok 04 g/L At} (Fig. 3-18).

ArFODOS8
10
L
— g [y=0.4003x - 0.006
RS = et
5 R*=0.3291 T
b s
iﬂ 0.6 ;m"’l-
= t'_'
= 04
3 o
= ®
o p2
0. 8
0.0 -
0 0.5 1 1.5 2 25
DDgag

S EEGA AMF0008 wo] wj k]t whE A Wl AL E T
n7d e

2 Wa BASG QRS

218 BODIPY 505/515 (4,4-difluoro-1,3,5,
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tetramethyl-4-bora-3a,4a—diaza—s—indacene, Invitrogen, USA)&E DMSO
(Dimethylsulfoxide)o] =o HF 5% 0.2 ug/mL= E7}sle] AoA nAZ2HF

1087 wre A H o T2 v (Laser Scanning Microscope LSM 510
version 4.2, Zeiss, Oberkochen, Germany)2 ©]-&3lo] GAH MEE #AFsAT
=49 BODIPY 505615 #3Ass 487 f3 7] 342 242 633 nm
9} 488 nm & AFESISTH 2 AP, 25 W gst ArF0008e] o gt x A
HEE F YAAR 45w G A I AE AAo] o FoAlE o

At (Fig. 3-19).

(B) 45 ¥lFT ArFO008 w5 (78 199 dF 9= Ad (54)& &
YFAER, 9% okg = chlorophyll (A A)S & 5 = FBA, o&8%
DIC AFZl, &% ofefi= vmA Al 7je] Als &3 Aelnh)

o £4% BBM wA%h D27k AWH BBM wiAolx ArFO00SS 257k Wk
F x4 AvZdem BAT A, s ARZANN A4 A FHEE
goseeh. mE, A4 AN #EE U4 pEdemTa  Hesy

(Fig. 3-20).
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2 4)

Fig. 3-20. A4y 7oA ArF0008°l <lgt A4
Chlamydomonas sp. ArFO008 (B) B. braunii. (Z+ 13 9]
FHAR, 1% olg= chlorophyll (
, SEF ofdl= YA Al e AL

Zolth)

(HA4)E & F e
FAA, 8 8% $i= DIC AR

o] methylation 3lo] FAME (Fatty acid

1 F
3-21).

R AL FZ3}lo] saponification A
methyl ester) @ HE AzxstAth (Fig.
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o R ona
— ——OH 1
O—<R1 o)
L 0— === 4 3NaOH —> |—OH + |
R; R/ \ON
o 2 0 a
== —oH
(0] R,
fat or oil (triglyceride) glycerol Ry \ONa
(0]
K/OH
e -\o’/
' o

Fig. 3-21. At 245 91 dA2 344

ZhraRaEada®2 ks EA4eh 2k ArF0008 T B AF T 1701
olF AT 308 FAEE XAk (5811 Heptadecatrienoic acid methyl ester
(C17:3)) ¥ w47} 180]1 olF=A4g47F 321 AWAF (a-Linolenic acid methyl

Aoz Vel 2 9 16:0 (Palmitic acid
methyl ester), 18:1 (Oleic acid methyl ester), 17:1 (cis—10-Heptadecenoic acid
methyl ester) & °| FAEE St (Table 3-6, Fig. 3-22).
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Table 3-6. Z#Fr =222 ArFO008S] 8 A A 74 A% 4
FAME | 34 2473 potention | gan (o)
C14:0 | Myristic acid methyl ester 18.72 351 £ 0.05
C16:0 | Palmitic acid methyl ester 23.45 10.13 = 0.02
C16:1 | Palmitoleic acid methyl ester 23.84 252 + 1.19
C16:2 | 7,10-Hexadecadiennoic acid methyl ester 24.85 1.12 + 0.34
C17:1 | Dis—10-Heptadecenoic acid methyl ester 26.27 560 + 0.06
C17:3 | 5,8,11-Heptadecatrienoic acid methyl ester 26.93 2479 + 0.82
C18:11 | Oleic acid methyl ester 28.16 846 * 0.17
C18:2 | Linoleic acid methyl ester 29.12 258 + 0.60
C18:3 | a-Linoleic acid methyl ester 30.46 20.62 + 047
180.00 %4—' C17:3 c18:3
180.00 E/
| C16:0 m
120,00 1 c18:1
g o C17:1 l
& C14:0 § l ]
Rl 00 7 | c161 :
€0.00| 'g é ]
o

Fig. 3-22. 7} AZvtEI Yo o5k ArF0008e] A4k A

e
b
~
oy

18.7233

24 8500
25.1133

28 9267
291233

28.6867

AZHE]

HL

ofl
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N
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o
X

Nd
el

JIK

—_
fife)

B

fite)
20
pzel
o
g
o

~
23
=
fife)

oo

i

st 7] 7ol

[¢)

o}
ok

fite)
alo
&
o
Y

N

i
T
4
=W

% nitrogen

A2

ArF0008<]

BBM #j Aol M W= i, dady =

s

gl

0

o

°|

==

BBM-N #] %]

RS

[e)

T

ArF0003
e A

% 9F 228 mg/ g cell2 7}

ﬁo

250

200
i

ArF00089] Al

100

Fatty acid (mg/g cell)

=

Ry

Fug A
W] 31

FAME (mg/g cell)
Al7lel

o9l ]

mg/LZ  7Hd =90t (Fig. 3-24).
4w [BBM)

3w (BBM) = 1w (BEM-N)
2w (BBM) + 2w (BBM-N)
1w (BBM) + 3w (BBM-N)

% =k (Fig. 3-23).



FAME (mg/L)
aw(eev)
3w (BBM) + 1w (BEM-N)
2w (B8M) + 2w (BEM-N) |
1w (88M) + 5w BEM-N) [

[} 10 20 30 4 50 &0 70 BO
Fatty acid (mg/L)
Fig. 3-24. A4244 27 A& A7]d & o9 9 & AA B v

AR el e TR Py

—o

AAe FESHT T AFO008 HHE ol §atel ol Lol hES AL,
M, AZ2E W50 mgH ANE FUF Fol R 1 mLA 22 B F D)
2)

%S9 94 302 & a-amylase (Termamyl) 0.1% 7}t 9
3)
O

P

0ColA 30& = E] a-amylase (Termamyl) 0.1% #7}sle]l 90Tl A 308 * g

1) ALeA Fe ASw o] AdaA. 74 AAY F ANE FEIe 2R

A3, Zat Aee 4% o 025 g/Le] 2= AdEe & UAL AgHA
& AFE 002 g/Lel WAAH I (Fig. 3-25 (A)). ArF0008 MX Ax %
F H 5 mg/ g celld] =9 A= FAdeddt (Fig. 3-25 (B)).
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(A) Glucose (g/L)

0.35
0.3
0.25
=
&8 g2
o
o
5 0.15
[C]
0.1
0.05
: ]
Sonication Sonication + Erzyme No treatment
Erzyme

(B) Glucose (mg/ g cell)
7

6

G H

Sonication Sonication + Enzyme Enzyme No treatment

o =

Glucose [mg/ g cell)

]

=

Fig. 3-25. dAg Z=dd & £ YAE v

L}, vlo] 2 o ghe At
AAE G Azol FFHF ImL F7Fg F121°C, 1587 d#stgdt ofvld &%
Saccharomyces cerevisiaeS ODgp=0.20] W50} HEFE & 24X 7 T A EE AF
sto] olghEo] AAEE SAsoh ko] BluEly] fste] 1 g/l %
0.5 g/L9 veast extract’} H7IE WA A= &A wjdsle] EASACE T4 A
Slo] A2 AlzolAM S cerevisiaes wWgS AF oF 07 g/l dEES IS
AR (Fig. 3-26 (A)). A etA] & AlFmAE °F 03 g/Le d&E&&

-
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T Uk 1 g/Le] =93 05 g/L9 yeast extract’} E7FE wjA o= eF 057

g/Le]l CerES Ak ArF0008 Al Ax FTHFFo=m AAstA oF 28 mg

ethanole] AJ4FHE] AT+ (Fig. 3-26 (B)).

(A) EtOH (g/L) at 24h

10
0.8
2
= 06
=
c
204
i
§ '
0.0
Sonication Sonication + Ernzyme Notreatment Glucose+ YE
Emzyme

(B) EtOH (mg/g cell) at 24h

40

Sonication Sonication + Enzyme Erzyme No treatment

Ethanol {mg/fg cell)
[ (%]
=1 =

s
o

Fig. 3-26. A2 4] w& olgs 44 nla

o 4 wpelooluA AL

ATFO008 el 4 AAbE <@l Hulge 15 BBMoIA e &
2HEAL A4 Aol o 228 mg/ g cellolATh o F AL F
AALE ol g3tol RS S NHAS AF Bh AU F ARE o

_54_

w

N

op

ol
O

Ol
L
)

i

=
(=T AR 3

wo b

fo



o A oF 28 mg/ g cell?] ol¥rES AATE HAZH o= 256 mg vto] el X/ g
ArF0008 cell®] AA=S Bt (Fig. 3-27). ArF0008¢] ¢F 25%71 Hlo] oA &

g g dae ouEth

EtOH

Fig. 3-27. ArF00082] Hle] 2o+ /44 H&

A AAEES g w59 Hasty] $ske KNMO0029C,
oA 15T 257F v &st & e oA
S FEstgrt @9 Hug =2 A
9 Axd AR g ArF0008%)

9 exol A4 ¥

ArF0008<]
Chlamydomonas CC-1255 BBM #j] X
BBM-N #j#[ell A wj¢fste] 2= A
ArF0008, CC-125, KNMO0029C <=t

CC-1257F A9 et (Fig. 3-28). KNF0029C2] 7 -$-
A gt} (Kim et al., 2016).

N

b uA grebd AR gargel Wl te Row 9
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Fig. 3-28. BBM HlA| oA wA| x5 A4 a4 Hva

_56_



IH

"0

ayl

B
Hr

B

:|1

A1 4

B!
Bk

B

B ATARe HE Bue vl ooyl 47

N

|

—_
o

o
il

7les #Esk= Aol (Table 4-1).

2

L
il

Table 4-1. ¥ A7744e] &

o

7

I
A

e

2

=
s
o
s
m.o
™|
PR R | RO
A{aﬂ
| EK | o
5&%
AL
2|2
S| o
| A =
ol E | o
nmolﬂE
L
o™
o | =
o <
| =
X || o
LA
TR T
oo )
Gl e i
ERRC R R
Rl e
K| R
— | | M

ros

A

gl

A8

)
o

1ot} (Table 4-2).

3A4d e 34 ulo] o uj=iE ulo]

_57_



oo

Tk
2

I
==

1513
=

Table 4-2. Axpd A7)

3 X ®W " = =0 -
0 G o X
% b Wl o ®
el — 0 {
z YR A k-
X £ @ i = |~ o T s
; T RS S P
o plo ! = i I
do | ™ " £ = o M B ~ = i
iy 0 o . -~
505 R S *oRE |,
L I o 50 o - ol = juts = A]L
Il B B & o K LN
I~ )|
Mo._.ﬁ JJM N i“ mhy o o = o We Wo ol oj =
RIS 2 |xa | T TOLe
B f —_— 0 &
=3 _ o it < nr 0 0 ,_ do| ™ ﬁ._ =2 o %0 i
R A N R N
PR o® |[wor T mao(® w4
WEFIENT | R F B R
! ! ! ! L L I e
o} o ) ) = .NrL "
mﬁﬂ X ﬁwl | o] MM Wi oy
= o 2 vl el = = wo s i
™~ K 5 E.a ° ,ﬂ ﬂ,mi e =0 = AI
axf B i R T w | X o
B/ = = = — 0 X A..#
Powm mu = }A o nrooK i ° e
2 A =
W = ) 10
g EL EL EL
I o L 2

2. At A e

EEERE!

°
=

A WM ZF Chlamydomonas sp. ArF0008

o
w

]
ol

2

Hpo] @ ol §h&-5 AAkel Aot (Table 4-3).

_58_



Table 4-3. & A7702e] FFd A3

AA 51 TR AFAE AH = £
e Kluyvera sp.9} Chlamydomonas sp. ArF00082]
= e = EN HZE Tz
DA e el oo mE AdEE, HE AT vl 24
A= i 100%
(2013) ArFO008 5 Aol tigh e B, COy °
g Ag FF A}
HH 27 12-16C, 100 umol/m2/s
ArF0008 vlol Qi 8tR F A @A H
A (ni 7} A8 ¥ A
S (nitrogen)”} A ¥ BBl\fM] q
ol 5 a Botryococcus braunii®t fASH A=Z A A
© = A A
2APAE | mlo] Su 2 B 8
GC #45 538 vlojotd ¥5<l CI167CI18 & | 100%
(2014) B}
g3l
A vlo] Qmjj 2~ AR Ad FE D AYA 4]
A " e FZ&5 A AL FAME (fatty acid methyl ester)
N Fej 2 Az
A4 & & F& cell debrisE ©]&3lo] EtOH
SAAE 7]yl A3k
) n}o] Q. of -2 Cell debris — glucose — S. cerevisiae 3% —
A
(2015) RNy EtOH A4t 100%
28 mg EtOH/g ArF0008 cell
hvA ] —]E_ = ok (o) Jo‘
Gasse AN /‘ﬂ,n__ T4 AR = oF 25%7) Blo] oA =
A7)l

Aurel g4
24 29 9
EESE
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Table 4-4. & A -7/ &4 =3x B8 43

=
J "
e
e/
al

79l = S5&d
am 27
SCIE) | 71Ek SCIE 7] et =79 =14
1A= ! !
22 = 1 1 1 3
32d 1 1
A (e )
79l = S5&d
am 27
SCIE) | 71Ek SCIE 7] et =79 =1
12hd =
22 = 1 1 1
A= 1 1 1
1. Han et al., ] Pure Appl Microbiol 8 3531-3536. [SSN=0973-7510, 2014. 10.
31.
2. Kim et al., Kor Soc Biotechnol Bioeng J 29: 303-306. ISSN=1225-7117,
2014. 08. 31.
3. Kim et al.,, Kor Soc Biotechnol Bioeng J 30: 345-349. ISSN=1225-7117,
2015, 12. 31.

4. Han et al., Korea patent pending No. 10-2014-0182384, 2014. 12. 17.
5. Choi et al., Korea patent pending No. 10-2015-0016792, 2015. 02. 03.
6. Kim et al.,, Algae, ISSN=1226-2617, in revision*

A2 A A7 & fe)r]o =

MAEFE Sotel AR E olste] WAE 2HE mEA Bl HE HFEE

Wew BEHe Fo FAREE olAnTAE c o

slolovdel AR 5 0de AN VIARFE 34 Fge] ofelg A
.]

A% wiake] Fhseta BEA weel ok wel WAY ode] Aage] S48
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o o.dL o A~HEuwgy-S (transesterification)S E3] vlolov]A R Hglw =
H A AH 2Rk A e ke Suistel A EEgAlg s &8 A
AlA A

Solar energy (Light)

Air, CO;
D
> gé?g%;ﬁg [ouee,, I Bioenergy I
Seawater {F’darr?na}crggﬁg ae) F W 1
* Waste recycle
Inorganic salts™" - N
(N,P, etc) Vot

Y

Lipids Biodiesel

Polar biomass I ————
. CCONVETSION L seuanuununns
separation e >
Bioethanol
------ #  Useful by-product
Fermentation
el
Pretreatment i ! 8

Polar biomass R i

L]

Waste recycle :

b .
*rpan

Fig. 4-1. = A vlAZ5 7]8F nlo]l oy #] Astke] id =

Ao FHoE 10wl dalE vAxFIE S48k eR FAHL gl
197090 A frass AVE Az A
U wESJAHA o] Lo A2
ol dirjete] mAlEF Aol B 1= NREL| A & 19789
A 199631 7HA] ASP (Aquatic Species Program)E <33 nv} o F5F
(diatoms) ©¢F 10W=, =%5 (green algae) °F 8=, 3= % (golden brown

T =z

algae) <F 131F, FHE X5 (prymnesiophytes) ¢F 500 &

5

= =] 2% O
‘é’iﬂ‘r g}: 271(_4.0?-_7
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B sk v} @)t} (Sheehan et al, 1998). °] & 2. AikS 93t wlFF=2 300F ©]
Ae FHaga, Axy A e AzxTE U6 1770% HAS 29 Az
o] Ad g dddels] dav AFHAY 9 2EUAE woW Frte
th(Mata et al., 2010). vlo]o vl At A 7} F&5 wbe 5= x| 23k
¥ Botryococcus©lW F2 AA SRS Folv] 9% AXxg = Ay A

= a

B oA AFE3F ArF00082 Chlamydomonas sp.& HZA ¥Wl¥2%=+ 12-16T
2 el ALde wYrts & Aoz dkdrh ArF0008 #EolA Aatd A
Aol HAdigk 157 BBMolA wjst & 357 A4 Agxds 483 Ao o
228 mg/ g celle] At} o] #& vt AT Ay} nnItH Z2 Chlamydomonas?)
KNMO0029C®}  reinhardtiidll vl&l] <F 50%0°]d A2& v AAkslS i, Chlorella
vulgaris® °F 2/3 F#Fo W&t} (Table 4-5). & wWjd %= ArF0008°] 15T,
KNMO029C7} 4C, C. reinhardtii’} 25°C, C. vulgaris?} 30C= Zh2p &gk}
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Table 4-5. & A2 )4 7]oje S=F Wi

Davey et al.,
2014

Chlamydomonas Chlamydomonas Chlamydormonas Chiorella vulearis
sp. ArF0008 sp. KNM0029C reinhardtii £

-
S

AT Kim et al., 2016 Choi et al.,, 2014

¥
N
o

X
)

230 mg/g cell 165.4 mg/g cell 167 mg/g cell 334.7 mg/g cell

KN03,3 mM
KH2PO4, 544 mM
Na2HPO4, 1.83
mM
MgSQy4-7H20,
0.20 mM CaCls,
0.12 mM;

Y 4] BBM, BBM-N TAP, TAP-N TAP, TAP-N FeNaEDTA, 0.03
mM; ZnSO4-7H20,
0.01 mM;
MnClz-4H20, 0.07
mM; CuSO4, 0.07
mM; and
Al(SO4)3-18H20,
0.01 mM

15T 4T 25T 30C

0%
2
off

o &
tl o2

& Al wel a3 22 vles 7olrh i En

AA, FAYES TP mlolen)2E o[ §F ulol oA A ]E A
Sehotolti <ol va] CO» WS Folmw s1FWst Ug A7es wAe Az
T RoE dFuth BA, TAREL solor)s B w ohe HEE FEYALE
of AHBE o|F FrhE FSehi skl A% Aom UL MARF 7]
Wl ol oo U B, U 5o AdelUAel Hs Azt BArbse
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F2 olH4X| XE SF =n
ol Al Sk Meb HodukA XY s =4

$a2
a
2%
IS
E

»

b

P AR M A = = t= ts £} 27} 27}
SaTtA =S S| o il = X bl b

iR A= FH s | 54 4% 11243 | 6414 7949 2H s | FH &t
dHA =BAIZ] | 202049 | A iy xRy A | 2020149 | Ay

) £A7tAE AT ALR F A7 F A FAHAAN Yore F uETE 19
) A7tz AL7tagt 22 HAFTIEE EXE

) BP (2012). BP Statistical Review of World Energy. &1=j@& 7]&

) TAEA (2010). Red Book - Uranium: Resources, Production and Demand.

) Z4F AEE EUE FE4A9T4E 3

Fig. 4-2. 8 oy#] Add EA 1)1 (Cho, 2012)

AR, Fuet AEH Aol wjF Thet AEEYH Hlo]evaEs BAAE

gloms ebgoln ikgel FAE upoledUA JEe F4E F Yk U

A

A, FAYEL WFs] A SohE YR A Hus &
Lﬁ ] %LH_S]‘U% ‘4177“3 _quv/] 7HHL§ —/;:}\ 32]7]}_346} %—@oﬂ 7(6].]_:]-_ X—ﬂ%ﬁg _/_*’:
31& Aot

2. At H 59

B A gnel wel vy 22 AAAG A o7 e
&WH, npo] Qw2 o)X o] & Al ErAEE FHo] shgdtal, wlo] ke AL
Al 3 div] TOE 9 1.8729 t olAtster s Axt 338 4&
&LZ]HH"JO] 7}s 8k W%E BN 2=E FEor A9 7)Eke] a8 FEo
A A 545 Ader AA Theste A9AAE 248AE Ader vdd

=
ok AA, g U A7 2Ho R 2020 7|FoR FEHEEE AR d 5% &
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7h FERE vtoleds ArE 10% 7HE Al Azt 3,660 wF E9] CO. A3 &t

R, A, AEiAY e AAAAE B A vleleolux AgE IT,
BT, NT, ET 43 tZo] vz a4, AAuagony 3448 ow dud
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tol Qv AL Aok 540l FrAbste] AR-& AsAketd <xlghx WA glo] A
& ootk sEvsE vES Be SkelA ARl v utej ey

43 (Renewable Fuel Standard, RFS)< %9 %ol® 2012d 7|Fo® ol
= 16719 wlele v d A=A 555 ATt (Kang, 2015).

op

ol

AAH oz wrel X Aol AA 8279 defol Al 2021l = 18539 e
= 5 ol 7S Aok dSo] dn Al whe] ey A The-Hl 15%E v
25 ol oy X7k 2kx 8 AolutE S mestH 20219 wlAlEF nko] S
WA o] AAA TR 2789 el F4Enh vAlER vhol Qo UX Akarel
50% % sl akntol ool A7} AN AT AFAshE, 2021 ) Fehol el A A ET
1399 & FFo] & Zeo]t} (Kang, 2015).

v =t2 DOE (Department of Energy)E TAS®E MAZXFZEH £ d=
Akl oha ek 0 28 /)% e F2an 9tk (Oh and Na, 2015). 4% &
AA A7 #EmE Fr] dF ZEIa9e DOE  “Genomes to Life (GTL,
2001-2020)" ol 5| &= Synechococcus & <& #F¢d MAESY FdA 42 9 75E
ghel e A7 FaEa ok DOEE 20209 74 wAlZxf A= 18¥ 9 714
= 15 g9y FFoRE e ved Afeks A sk, 2022374 &

1091 Ad/d AL Axzdl AY 9 HEEHE= & st Ak
“Advancement in Sustainable Algal Production (ASAP)” Al o2 SoujeF (90
174 A3) % 500 kg &7 vte]evfj/d ABE S5 o Aot (2012-2017, 2.
AR g4y]). “Targeted Algal Biofuels and Bioproducts (TABB)” Z =138 EZ3)
E2Q oJAtstet A T B L AWA S A A EF o]§& AFTIIFA Hlo] @A

A AT e Fokol] 1.3-25FHW dEEE FAE Aol (2015-2019). &
T A= A 533 9G4S 8 20139 FE v AR, v28 vle]em s, ¥
JEZEE wloledm AAV|EE FHsm vt (“Biorefinery projects for
Mil-spec renewable hydrocarbon fuels”, 1.8%%F &2 Fx}). FHLol& AlofrlE|
gob "lojetjd A4~ LRAEZ FX&gi=d], vloje vl Hgite] dnw olgd
AleprtE glol HERAEE HASeles A7 ZRAETE @Wol XHH Aot

(Planning & Budge Office, 2015).
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A= FHsl vt (Planning & Budge Office, 2015).

ELPd T GreenStars T2 o Z wAMZEF vloleg ol Ve s
(2012-2022, 1.6¢ =), F= 20208704 263 = Algal Biofuels
Challenges (ABC)°l| F#t& A &ojt} (Oh and Na, 2015). L&+ Shamash L&
aol wiAste sxf &l g et A5 3 Fol At Shamash
2O H d7H0] A e Adrde Jfeke QA =
AR A mAETolA v Xtk gAkIt ol wiejedder WY
3t A8 IS EE XY= Aeltt (Planning & Budge Office, 2015). =Y
Fraunhofer Institute for Interfacial Engineering and Biotechnology (IGB)T™ *
apol e vl ArkE el AEs d5E x#sta gk (Oh and Na, 2015). Z#2s,
271, 29 dolA L3} AMRFEFEE FURE sto] oF 50 E(H AlA A
°F 3%, 2004¥1)e] mioledvha S §Hdstar irh ~dRle EUsl €=t 7 7
W vlo] Qo ehES AAH24RE E, 2005%)3t L lew, 1 wro| Z<juElo] 13%F &
o= 29, ¥#=, 5A oltf (Planning & Budge Office, 2015). “Biofuel vision
for 203070l M= A-+2 7 Apolerfs SR B o®E Yike AFzsta o
of EFAR 2B%7HA Holeds AMEE TS FREE dtal k. Faul
%2 (O Phase I (200611720101) ¢+ 7152 7le9 57F ¥ A 727 vfo] Qo &
M7l S 7l el slAdelH, @ Phase IT (201041720200) @ A 2
Qolgta Arle R B A AGEA mle]ovis FRIE Ao, @
Phase III (20201 ©] %) ‘thek®] A 27 mpoleolgre Aid7le 7|8t dHE =
2 st v} (Planning & Budge Office, 2015).

A E 1990-1999¢ el iAol A 7|2 vAEFE ol &3 olihstEra
b 9 ghskgEA ALk #e Y AT ZEIdE SATsdTE e
(1990-1999, 19} 277k &e]). 20009 F8F o]% NIES® Tsukuba tiehs T4l <
WAlZF vtelev A A7t v &A4stE 2 9tk (Oh and Na, 2015). =2
% Xinao SCI & Technology Dev Co., China Petro, Zhao Kai Biological

o il Lo

Engineering Research and Development Center Co., Inner Mongolia Baotou
Jinjiao Group, Yangpu Green Energy Technology Co., Jiaxing Chi Bio Energy
Co. & Tge mAzF HoleduyA A7E &4 o]tk National Key
Technology R&D Program, National Natural Science Foundation of China &
Foll A=A Abstd FHATIE W8 Foltk (Oh and Na, 2015). F=< Hlo]

e A% (MIE REe HETR0 AAY FElA $95n Yok A

e lo



Office, 2015). Fa= ®f=19] 3ot} nle] ey AyitdFe] 5% =0 F 169
gEo g3, ol 20119RT 40% s Folth A= olgE AAbRko]

4
25% 0.2 F5sled 59 g HE WA Y (Planning and Budget Office, 2015).
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