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He] B8 COo, AFF 71ol AAEQITE & ATtk @ 52 wlA] 2271 Haematococcus pluvialis?} 8373
18ER AREERLOH, o] dFe A0 A Aol AAe) 3 Al Zdghd wf) 23} 742 E]|4-0] =1 astaxanthin
S AIE ol v FAsk= Zog degleh w2 ol2fdt 5444 ol &dlo] COyt AHAoR FRHE ¥ vkl
oA A7} gk il A0 R COo, 3A-E W 5E B9t astaxanthin AAAF A7 FHESICE = A9 HEe) A
A 5% CO, 5 374 9 7|3 NIES-C ulix|ellA] = o]fojHict, A4 g MExs a7zl [Aghs 8 5%
CO, FYI} st 1l AR o]Folxl 27} A RS 2-883lem, o] 34 53l 9.6 mglL-day®] astaxanthin
IS E 53800t olu astaxanthin® 2 A== CO,°) w5+ W 38} S 27.8 mg/l-day® HERGTE £
T &3l AN H. plwialiss 0183 A7F GF Wi, 2 3782 CO, gshint ope} 1t A w4 Ak
7165 Anlste] A= COo, AR7sR 284 7 s Flo=w 7|tiFnt.
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Abstract — As one of the CO, reduction strategies, a biological method was proposed to convert CO, to useful bio-
mass with antioxidant carotenoids by photosynthetic microorganisms. One of the photoautotrophs, Haematococcus plu-
vialis is a freshwater green microalga and accumulates the secondary carotenoid astaxanthin during induction of green
vegetative cells to red cyst cells. In this study, CO, fixation and astaxanthin production using H. pluvialis was con-
ducted by photoautotrophic culture in the CO, supplemented photo-incubator. Maximum growth rate of H. pluvialis was
obtained at a 5% CO, environment on basic N and P conditions of NIES-C medium. The photoautotrophic induction
consisted of 5% CO, supply and high light illumination promoted astaxanthin synthesis in H. pluvialis, yielding an
astaxanthin productivity of 9.6 mg/L.-day and a CO, conversion rate of 27.8 mg/L-day to astaxanthin. From the results
the sequential photoautotrophic culture and induction process using /. pluvialis is expecting an alternative CO, reduc-
tion technology with a function of valuable biosubstance production.

Key words: CO, Fixation, Haematococcus pluvialis, Carotenoid, Astaxanthin, Antioxidant

LM E 815 grde] iFskar Lom, T2 BRI A7} €02l e,

3|7, A, ARG 52 ofe] Whdellx] dhiks] K13E 51 Qo1 ok

ol o skl AE 7] 54 oA (CO,) S EE At €O, Ml 714 FolA B 712He A AEAE ARgeh=
AT 2ste] FHOR AHEo] Co, Ae] W Az7]sel ek A AEBHARL COo, Al 7] $2] COZ AFIstol AEA el
*To whom correspondence should be addressed. vlo] Ul g TGS W O RA, FAle] FAE vlo] el aE
E-mail: simsj@skku.edu G854 B8k 157 7R A o)} 3 5= Qv 2, 3], HE

46
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IH7} BeEAEAE o S8k A vdES Co, 1%
glol] #@3kowa ws] nlo] el FEEE ofel -8 £
RS FAl) ARE = glom R Co, AP 349 7XIE Kk
=oiskst = Qiot.

B3 vAE 52 sIUR1 Haematococcus pluvialiss= 352 THA|AE
Z=F(unicellular green algae)= &0l 21585 Wil Q)= ketocarotenoid
A& 2] astaxanthin(3,3’-dihydroxy-B,B-carotene-4,4’-dione)= T}
A% = QoA FREI e FFoIh #2 ketocarotenoid!
astaxanthin- 93} (xanthophyll) A4 2] 72 E| 0| = E4 Fo
Sho| ARt 24 ol d o7 Qla) 2 AlDY B-carotene T
lutein 5ol BI&l 4 Hl} o] 39| =2 ksl At Qe Zo=
AL} ol st 11 ksl 7502 Q13 astaxanthin TFJSH AY
=3 &8 Aol Tkt QlaL, 53] ok, A A7 Y
FEI} 209 Al VAR o] AR-EAL QTH4A-6].

H. pluwialis= 2%- 37 373l w2t 4] 7 714 e, 5 F
Mol ARE AL Fhete 549 A AE FH(green
vegetative cells)?} ©]5/do] Qe A2l FA 2 AlEZ FHl(red
cyst cells)2 W ZITE 932 oA a2 g7 ME7) 9HY
Aow AAsiclrt ofe] 7k 25 - x271 Wslel wat Ay
sh= 933 0 nFE Al HM9 AEES A B V)%
of whe} Aol st Aze [k, o]el st A0 FradA o
2] astaxanthing T} 2 HC}(S, 7-9]. 341 astaxanthin F
AL A% A A7 Haematococcus A3EL] A2 S A|EZ 9]
- (induction) WHolli= A4 Y 114, 31 FE AL, oAEIO|E
(CH,CO0") A7}, 2 2% T4, 92 F7}, Alxid oAA
47} 5ol AEH10-15].

ol gt tpekst f= WHE FolX 53] Haematococcus WHFH
of opAEloE H7FE 8 A4 i AR 1 a3
T F0F BaEIL Qi o] WL Q1914 vkl Fel ot
Hjekd Ul ON B]&-9] 550l W A 14 a7E F3l A%
st Alaze] | WskE = ¥Rk olug} astaxanthin S 3

o] glo] thE Aol vldl] 2 astaxanthin 542 ®3Ick
[16-19]. Z12u} 71291 24 s Allzafek Al opAllH|o]E 7k
2 ARG 7] ' o Qlal] a1 A7 5o = Bl mdE
off o5k ujeke] @qf $131/90] At 37974 218, 53] 9]
N FAell= & o= 288 7 QT3]

uf2pA] - Ao A= oAlEIO| EE thalste] 7] 'A€1Q] CO,
= ARgsle] At A dol| Q3 B pluvialis®) induction
S AE3IEE COE 529 Haematococcus “37 AIAEE2] vl
TN ofy2} = TolME eAY e R Ao 2N {7
g HAE F3 399 gdS Adsigien, 9 Yot 5
7H4Q1 CO, 143tE Fal 4% AN L AEZE2] astaxanthin
S A vle] Lol AE SRS 5 Haematococcus A 3ES]
TR A A3l vl Tl A AR Aol dist 2. 714,
= CO, N, P 715 72} Ao Hr). B8k, )P o = wljek
H 5 A7 AES] 355 astaxanthin S A A EGA|E R 9]
FEZ 98l A3 2AF B9 COE ol g3 A J F FEH
(photoautotrophic induction)2 #-8-5}0] 1 &3= ARt} o]
] B2 2 Haematococcus A3EC) 28t astaxanthin®Z2] CO,

B FARE QI

1

J

sd FIREso|= AT 47

Table 1. Composition of NIES-C medium [15]

Component Dose
Ca(NO3), 0.15¢g/L
KNO; 0.10 g/L
Na,glycerophosphate-5H,0 0.05 g/l
MgSO,-7H,0 0.04 g/L
Tris-aminomathane 0.50 g/
Thiamine 0.01 g/L
Biotin 0.10 g/L
Vitamin B, 0.10 g/LL
PIV metal solution 3g/lL
(/L) Na,EDTA; 1 g, FeCl;-6H,0,0.196 g,

MnCl, 4H,0; 0.036 g, ZnSO, 7H,0 0.022 g,
CoCly 6H,0; 4 mg, Na,M0O,2H,0; 2.5 mg

2.4

2-1. @5 3 HiX|

FIAE 53 €O, 1 9 FhRENolE B 1S 9% oL
AF kS Sl F =52 nlA 25720 A pluvialis NIES-144
7~ (National institute for environmental studies, L5 213130
om, 3t Aok vl R NIES-C ¥R & Agssict. miA ] 2242
Table 13} 7o, wjx|] pHE 7.5% A3t & 19457] Het
7 kel ARg-3I3ATE.

Astaxanthin AJ4HS §3F 2l 5 (light induction) THA] o) A+=
Haematococcus A|3EE2] EAQ F5Z 98] NIES-C #iX]| 28
Bl A4S AIAE NIES-N #iA1E AR8-8FIt}. NIES-N #i#]=
NIES-C B} o] Ca(NO,),2F KNOyE CaCl,2H,0 0.13 g/l 2
KCl 0.07 g/L.2 217} tjAlsle] #Az=819] o, v« ] pHi= NIES-C
iR 9} 22 pH 7.5% 143IAT)

O
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2-2. H. pluvialis2| 8%

ek Al ZEAR] CO, T B Bol3h uijek 21 Aol 28l A}
A ALE CO, &3 7k 74 F 1F71(CO, fed photo-incubator,
Fig. DA H. pluvialis T 150 rpm2] &%= 23 °CollA] %18
HjeFslglct. = vieke: CO, TVt A& 0w It 27t
2] 250 mL Elernmeyer Z2}~=10l4 130 mLe] v F-u]2 AA]
sl o, olu] FFE= EF7FAY H452 65 mL/min® 4313}
th 9EE7] W9 F 2ARE F3E-S o83l 1241 et 51
(synchronizedillumination)& ©]501% © ™, =& 50 umol photon/m’s
o]t} & Aol B F= L1250 quantum photometer(Lambda
Instrument Corp., H|5)E ©|-8-38}0] Eekial stHellA S48t

A3 /372 UV-Vis spectrophotometer(Hitachi, &) ©]-8-3}
o] 743t 680 nmelA FHEE Solo] THIF R gt o]
] Sk AlEe] 1z A= AAA 1 vl IAE FHEK
o

™, 7112k vlEAe- vt 2t
Dry cell weight (g/L) = 0.668 x ODgg,

AMAZL] A% A2 GF/C 91712 (Whatman, %=7)E o]8-3}] ¢
I #AIES 80°ColA 24 AIRY B Az T g Ak =%sk

o=ZH dE Uik

Korean Chem. Eng. Res., Vol. 44, No. 1, February, 2006



48 7 -

COz- Air

Pure
cO,
—

Gas
Mixing
Chamber|

— Air Pump

Shaking incubator

Fig. 1. Schematic diagram of CO, fed photo-incubator for culture of
Haematococcus pluvialis and astaxanthin production.

2-3. H 7 38

FhRE 0| AARS: Q15 A A s AR AR mhE AEe
A3 102 vikE =52 Haematococcus A|ESS Q4 B E o]
slo] ket 5 Aago] wiAlEl NIES-N wix|el] A detsiict. 9
AR 2,000 g0] HER SR AAEI o, Hael Ay A
of AEF Al AEL] FEE 0.33 g/I. (OD= 0.5)% AA3 5 CO,
Pt AEH R FuEE oA F7t kst ofu
H pluwvialis®] induction 913+ 3 o 2712 F AL 215 A
Qlabar B 2] A 2103 2] Slek. vk ol F AL
Z202 A& A} W4 (unsynchronized illumination)© 2 ZA$15}31 0.
v, FE F71491 352 083197 200 pmol photon/m?s% 5

74A73k.

2-4. 7|2E|0|E FT&

Al 3% kR o 55 Felahr] 218l 94 8,000 gol A
10827Fe] P ®elE Bl AEES e8It 8 AEs
2. FF= SPH A2 & dichloromethane¥} methanol®] &3 &
w(1:3, v/iv)ellA] Z23}F #247](Sonic and Materials, Inc., 7]=7)%
ol g-ste] iRt olw AlZ Yol FHE Fk2E o) T A
0] ] o= FEuH, o] T2 A U FFZE]| 0= A
o] ¢hxls| & 7R, S AlEL] Eo] ehHs| o)Fo)d uj
7HA] REE AJSB8lQITE, S o] FEE2 10,000 gollA] 1057FH]
A QAEEE Sate] a9 FEjr) ¢ds] o] Foid AHlE g5

S AH20, 21.

2-5. 7I2E|0|E &M

¥ 5240 H pluvialis AXEEZ2HE F24H JI2E -0l =
AHES 7EEHEolE 24 FolXE 53] astaxanthin 37 F
o2 FH3H=, ME U9 astaxanthin %2 5474 tlF
ester-3JEl|2] astaxanthing 2| ¥R ofUz} 1 ester®] F5+% tf
FSlAl AE T E HPLC &4 Al FE2 peako] 3E3HA Hr).
wpebr] HPLC 4] %]l HPLC peakS2] 7|55 Z] peak 14
9 FAE A s Qs FEES At Bpdolnt. ATt
o A13= methanoll] -85+ 0.01 M NaOHZ ©]€-3+ Yuan¥} Chen?]
7} -3l (saponification) S %317 astaxanthin-ester & Bl &S
free-astaxanthin FEIZ AESIT}H21].

7V HkS-o] 97 ¥ free-astaxanthin % &5 Simadzu

slskast M44H 1S 200641 28

HPLC A28 Simadzu, 212)& ol 88e] 44 2 Asisigin,
HPLC A28 5 712] LC-10AD H3229} SPD-10A UV-Vis detector
72 o]Fojxon] He)f 2 07 250x4.6 mm HS-303 hydrosphere
C,s column(YMC Inc., 4#)y& AREEIQIL). o542 % 71=2E
eo|E RS US aR1 HelE A8l ol 7 AlE (two
phase gradient system)S- 223191t} o5/ A2] A2 dichloromethane:
methanol: acetonitrile: water, 5.0: 85.0: 5.5: 4.5(v/v)°]", 1573 B
+ dichloromethane: methanol: acetonitrile: water, 22.0: 28.0: 45.5:
4.5(vIv)E olFo R}, 7 o5 g2 A8 il A2~ (linear gradient
system)el] &J3)] TFE S O0H, 0]/ B 7O R 0~8% 5t 0%,
8~20 &Rt 0~100% &4 7k 20~70% &<t 100%2] W&
712} AFg 59]%]9Ack. HPLC A12~819] 4] §4-2 1.0 mL/min®.
2 Aojdglon, 1] peakES 480 nmellA S AT 22).

3. 24 ¥ nE

3-1. H. pluvialis2| ‘§Z0| gt CO, s=2| AL

A A5 vlks B a8 Co, 1FsE A8l 7] &
Lol wiAlE A4 miR]ell A Z1A] FElS] COo, Tae B3 A
&F %k (autotrophic culture) 2 O H. pluvialis 775 WISk

U’

32 o2 B

CO, a5 CO, 7IHIgh 3719 Egkor whEodl v}
ek 5520 CO, E]F 7IAIE Fsle] olFelRon, 11 &9 7A
9 €O, 5= 742} 0, 3, 5, 10%=2 Fesiirt. LS 8 3
ZAH= 50 umol photon/m?’s?] FEZ 12417} 18 /% 527] (synchronized
illumination)2 ©]F1%lth. 0% CO, Fw (@719 T )elM= 5
9] Adgo] wig- =gA YEReH, CO, =7t T el wet of
o % £ A 2ok 5% CO, T A 7 52
‘37 55 B tKFig. 2). WHHell 10% CO, FolXE =& COo,
LR AT Aol ek Al a3z 152 Aol wotsiitt
(Fig. 2). WebA H. pluvialis NIES-144 58] A7} G wlloF Al
5% CO, 0] #52] AHQN S 913 HH ] el 3

Z21908 ke 5= Qlok. YNFA 07 54 mlA| 2R 1~3%2] W

I

O
Sl
-

o]

0.6F _@— 0% CO,
—m— 3% CO,
05}
a —A—  5%CO,
en
= 04} —w— 10% CO,
2
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2
S
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&}
0.1}
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Fig. 2. Effect of CO, concentrations on growth of green vegetative
H. pluvialis on NIES-C medium. 0% CO, means supply of air only.
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2 EES] CO, $IAN 52 43S YER I AR 5

7] 22N E P A378E Kol gt o]2gk oA = o,
H. pluvailis NIES 144 755 CO, sEol w9 97338 A4 548
A =2 m)A] 259e d1E 5 Qlar, B3, 5% CO, oA
7P L S YRl Z10® & wf TR 54 mlA] 5] b
&l Coell gk W= 93k o= wicket,

32. H. pluvailis2| BIZHM =7| N, P S=2| Z|X{S}

] HA e 8l 33wl 2572 aiek wiA el
7 71241 Jrd o AREE A 1 Al tis) T2
A% Sxol gk I a3E AvEgith gl uhel Ak
(sulfate)o] =52 vlA] 2257 Aol 3 = A9 AT = 4
Fof| AR #2] Aol 1 g3} vlmlsie] & Ao A
QBI3ATE 713 ek viR = ARl NIES-C siA] o] g2 Ak
% (nitrate, NO3) FElZ, 2192 24k (phosphate, PO} ") SE|=
2}y7}; gk} Q). Wb NIES-C Hj«] ol At 9 <likd
o FEE A7 WMIAZIEA NI P 21 HAHgE 9%
H. pluvailis NIES-144 w15=2] wl|of 288 Aasisict. Aited 2
Qlakd2- 22} Ca(NO,),2} Nayglycerophosphate-SH,05 ARE-51
712 A Ad22] 290, 59l 1019 SR 471 Rle ™, 5% CO,
1 50 umol photon/m?sQ] Blo] THE= 7} Aok oA uljok
et 24k 7oA okl 5o 71 wix|ollA] vk
Fo et v A 55 2ARIeH, 11 AFE Table 20014 1]
WaITE E Qtol] ARl NIES-144 75 7] wljx]9] Aakad
9 FRol 7P =& A £5E Holon), Ak Ql
A B o] s 7R el 71 iRl e) vlsedt A
S5 Bk ey aiAue] Ak B ik st sul
oo F7) Al ML 3%l st A&l &) veh 712 vl
ol njal) v] 37 &7} WA ek 53] 10ue] AAatdz) 91
Akdo] F91E 350 N7 P el AlaEe] Ad7del| oist 1 A
a7} A veRSt) ole AFERE £ Haematococcus Al
329 aEE ik s s wiIAE o] &% 71wk 3 i
<= B3l wiekr] el w5 A378e] HA N, P S AlTsrems
AR 5 Qe A oE AlgE.

3-3. 4! R H(light induction)0f| 28+ Ft MIZZ20| IES MEl
3 CO, IHY3EE STt 1SS astaxanthin 44
CO, 113}E 53 % astaxanthin A4S 918 NIES-C 1Y

Table 2. Average specific growth rate of Haematococcus pluvialis NIES-
144 under various initial concentration of nitrate and phosphate;
1x concentration of nitrate and phosphate means each
concentration in NIES-C medium

Nutrient Concentration (mg/L.) Hayg (/day)

Nitrate (NO;3) 1x 175 0.232
2x 350 0.222
5x 875 0.196
10x 1,750 0.184

Phosphate (POZ™) 1x 16 0.232
2x 32 0.218
5x 80 0.185
10x 160 0.168

ol A3 252 Haematococcus AES 53510 NIES-N B]A]
£ o]gsle] Aio] AR vlx] SFo= Agket 7, st A}
B2 COE o838t A7} 4 # f-=H (photoautotrophic induction)
S Ag3l0] 55 astaxanthin $H A2 IFA|EZ O] FEE A
ZaIsick A7 4% F f= Al FE 22202 200 pmol photon/m?s
A719] Hg- o] g3k AL FAKunsynchronized illumination)©] 1.2
], COA= 5%9] 52 A&H o7 Fgsiqir). dnld s &
s, F 2 AlRo] Aol w54 A7 AlsEEe] vloisizl
AN pdMEEE G oR fEEE SRISIITKFg. 3). Tk,
astaxanthin F2&jel tjst 27} ok F = 34 595 Lol
7] 918l Zst ZAEE o] A8EA ok A APRkE: o] 8-
% 3798 Bslo] A4 2 MEZZ f-5 9 astaxanthin A3AF
< sl 1 A9E Fig. 49l vlaste] 34 JERIQITE A
A A fxolA 2 Aol 93 astaxanthin F42- of-§- =&
&2 1] 0, it astaxanthin ABAF £ 53= 1.14 mg/L-day
2 e ofgl] vlsl A7h ok F R el 2 Al
2]t astaxanthin %22 A7) W} §2438] S718190H, 18 &

Fig. 3. Microscope photographs of H. pluvialis NIES-144; (a) Green
vegetative form, (b) Red cyst form.

—O— Induction 1
—i— Induction 2
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g
£ 100
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0 5 10 15
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Fig. 4. Comparison of astaxanthin production by H. pluvialis under
different inductive conditions; Induction 1: Nitrate depriva-
tion under 50 pmol photon/m’s of light, Induction 2: Nitrate
deprivation and high light illumination with 200 pmol photon/m’s
(photoautotrophic induction).
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Table 3. Astaxanthin productivity and CO, fixation rate to astaxanthin by induced H. pluvialis cyst cells

Period *Conversion factor Astaxanthin productivity CO, fixation rate to astaxanthin
(g CO,/g astaxanthin) (mg/L-day) (mg/L-day)
Photoautotrophic induction 29 9.6 27.8

*In calculation for conversion factor, molecular weight of CO, and astaxanthin (C,,H,0,) was 44 and 597 g/mol, respectively.

QEe] A7} G F AEE T3] 9.60 mg/L-day?] A HEE
] 175 mg/L2] astaxanthinS: A4S CH(Fig. 4). o132 2Axd &
Hol A g M3 S AIERO] F 5 gt 7| F7]o]
Ers g AlREellA] astaxanthin F2 ol 1 G0 §la Qv
SIC} Wang®} Zarka[23]2] Aol W= H. pluvialiss 2% X
A2 el E B3 714 @S TuE fAs] COE ol
23 g4 23} ZES AHeE Aow R uelbA
astaxanthin®] T4% FTS ST 4 T3 8-S ko o]F
AR EE, 27} 4% B A= 3700 st ZAtel Qs B3 &
& Fxlo] Wi €O, 148 B! ¥ Yo7} 32 astaxanthin Y4 A
= vERd A o= Al Hrt

18 Fe] A7} ¥ F f= 3 lA H. pluvialisell 23+ CO,
9] astaxanthin® 22| Ak J=7} A 1 A|3E2] astaxanthin Y
A EEE AR s H7FE A (Table 3). olwl] {4 2
Haematococcus A|3EA 23l 27.8 mg/L-day®] %2 CO) -8
ksl 532191 astaxanthin® 2 FgE= 2102 et} webA
£ AFtollA H8H A} P F FE 374> astaxanthin AHAHS
Pt FAlN 7141 Co, s T a7 4 T U ¥
g ow HrET)

.48 B

B3 nlAM| 2+ H. pluvialis= o]-g-3lo] AWESHA] Co, 1733}
9 3ksHd kR E o= ] FAl kS FEskelTE WA
H. pluvialis®] 737l tgt CO,, A4, Aol dist 37} =
7} 4% e Aol 77t A1 o, 5 71AE 5% &
T2 FR1E u 58 A% Haematococcus AE7} 7FE 22 473
< YeRllen, 7] Aakd ) Q11e] HX= 714 A (NIES-C)
Z1Y wl 7P =2 8] A S5F 1otk ks FhEE] o]
T astaxanthin AJAHS $J8t 54 A7 M| A g AER 9
=5 200 pmol photon/m?s H12] ZAK(unsynchronized illumination)
gk FAlAl 5% COE A% 393k A7 44 F = 2%
(photoautotrophic induction)yS &3} o]Fo% o, &34 F &
QA3 Al Ay Aol U = AR Azl o] 38E A8
et olu]l A2 I3 H pluvialis©l 2J3F astaxanthin A2HIL2- 9.6
mg/L-day®] %1 .1, astaxanthin® 2 1$ke)= A 1) Co, 11793}
£ 27.8 me/lL-day® YERGTE

2 AFollA F mAERE o] &3t Hlo] ARl COo, i
A3l 9 o Yo7} Co, Mg B3l ksl 7152 F12E 0]
E BAS AE 5 Qe AR BESE Co, 13 7] Al
AlBIGITE. 0] 712 ©E3] CO, AlAE gt 719 3 el
A galste] 57t Ael @A B ALk AETH 7eE Fo
oM CO, Meld A% 7ex 71E2 318} 3yur) ge A
O gt 53] & At A8 H. pluvialis NIES-144 75~

slskast M44H 1S 200641 28

B wazRel Hlal & 0, A84 E UPo] EdlsE
AR WiE 0,9l Aelel A4 487 4 S 2o Jtherk
Z A

B e 9871459 21417] ZEEjo] A7 ARl o4k
sheks A7 2 Az 7] AR 98] #A9(DG2-201)2.
2 s dFUTh

&=
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