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High-Value Materials from Microalgae. Oh, Hee-Mock*, Aeran Choi, and Tae-Ick Mheen. Korea
Research Institute of Bioscience and Biotechnology, P O. Box 115, Yusong, Daejeon 305-600, Korea — Microal-
gae are a diverse group of photosynthetic organisms and abundant in every ecosystem in the biosphere. They
are common in aqueous environments including marine, brackish and fresh waters and in some habitats that
lack eukaryotic life such as some hot springs and highly alkaline lakes. Microalgal biotechnology that is
facused on the microalgae-based production of a variety of useful materials such as pharmaceutical com-
pounds, health foods, natural pigments, and biofuels is considered as an important discipline with the develop-
raent of biotechnology. In addition, the mass cultivation of microalgae can also contribute to improving the
environmental quality by reducing the concentration of CO, which is one of major gases lead to global warm-
ing. Consequently, it seems that the microalgae can be used as an efficient, renewable, environmentally
friendly source of high-value biomaterials such as chemicals, pigments, energy, etc. and the microalgal bio-
technology will most likely represent a larger portion of modern biotechnology.

Key words: Microalgal biotechnology, high-value biomaterials, bioactive compounds, pigments, health food

ZF(algaey= oF 40,0005 B2 F77} dElA Sl b
<+ ojelkak EAS A AETeR Ak Aol ok
SEHE Qs o= d=lA ou1s, 43). vld| &R
(microalgae) F22] 4842 71 2 UduiR) A7fR A
F o= AL, o]oks £, A3RHEA, ARR, diAl
Uz 502 vl vleksiol. A F-8E3H 2 vitamin,
carotenoid, phycobiliproteins, polysaccharides, 2] biomass
+°l 8.5

nlH 25 k] P 2 A AEAANl A &
< G5 R G A drte] S S8 M=
B 7-gdlehe Aold. AF7 F2 FE, AE AT 5
& WAL E biotechnologyZt WAl o, Tl = =5
25 F8A4=AE ', AL, 0831323 Bl algal
biotechnology k2] Wxle] =4 7| %l

B oM mAlERRe] dauoks Bte] ke ¢
kgt HA FollM TIPEAY 8BS AR A
oz AYPHI = A7 Y RS Ve, S
AA pYHI 9l HAVE NEHRES 203t =
g 2 g4 BAs e AHTdTIes vEeE
& o] EAE Arde g s aviska
2b g,

*Corresponding author
Tel: 042-860-4321, Fax: 042-860-4598
E-mail- heemock@kribb.re.kr

kvl

0f0

=89 &

30
Ju

A EFE EolA R, oJabslelA 55 0]83)e]
WA A W goz e woFd + A, 42
43). A EF2] Jh)oks E31e] AR biomasst Table
19 AR vie} o} kst F59 F4EHE e
[52].

HYRZAE

Biomass. PN ZHE AFCE o] 43 P RA o ZA
Spirulina platensisS} S. maximas o} Z&]7} o)A o 2H-E]
AlE0 2 Algr]olx] ghowm] HAo)x o}Ze)7} FHF ¥
3}=¢] Chad®} Mexico SHo|A A1E2 2 o]&51 glv}
[13). Nostoc flagelliforme> S=olAl Anje] A 02 Fa}
7\% 817, 49]. 2 8] HEF F 4 dxe) Fe
SANAM AFL2 AMETRs ¥av) ghek33, 50]. BlM=
Tl koA 19654 48 vt AR EA
Eo2 A Chiorella® A2 AALe AAbsl.em, 19654
aprol = AW JFEERel Spirulinas TPYAH o2 )
et A gl ks ARk

Spiruling= HHAEEFe] 7132] 46-71%2 #i-¢- F2(Table
2)[4], ylinolenic acid(GLA), phycocyanin, myxoxanthophyll,
ceaxanthin 5 k2] <-4-3 vehll 2o] thek g4o)
3ley Al ofe}l FECAIAl A el} vitaming
Algshe AZFREAFoR AFHT G2, 29].
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Table 1. Commercial compounds produced from microalgae.

Table 3. L-ascorbic acid concentration of microalgae.

Type Compound

Proline, aspartate, alanine, histidine,
serine, threonine, phenylalanine, leu-
cine, ornithine, glutamate

Amino acids

Lipids Lipids, fatty acids, sterols
Alkylguanidine compounds, arachidonic

Pharmaceuticals acid, microcystin, anatoxins, gallotannin,
aponin, malyngolide

Pigments Carotenoids, astaxanthin, chlorophyll,

biliproteins

Trehalose, glucose, sucrose, sorbitol,
glycerol, glycolate, mannitol, mannose
Containing p-xylose, p-glucose, p- and
L-galactose, methylxylose, p-glucuronic
acid, etc.

Phytol

Bi, Bg, B2, C, E, biotin, rivoflavin, nico-
tinic acid, pantothenate

Polyols/Carbohydrates

Polysaccharides

Primary alcohols

Vitamins

Table 2. Chemical components of human food sources and dif-
ferent algae(% of dry weight).

Commodity Proteins h(}:ffiil;?e;s ipids N;:cigsslc
Rice 8 77 2 1
Egg 47 4 41 -
Milk 26 38 28 -
Chlorella vulgaris 51-58 12-17 14-22 4-5
Dunaliella salina 57 32 6 -
Scenedesmus obliqguus ~ 50-56 10-17 12-14 3-6
Scened?smus 47 ; 1.9 )

quadricauda
Spirulina maxima 60-71 13-16 6-7 3-4.5
Spirulina platensis 46-63 8-14 4-9 2-5

Spirulina® 745 S-epuleko] 7Fs38kal, 3424 (35-37°C)e|
o] 371 (pH 10)22 vl wA] wjofo] §-o]3fe] A AA
Moz oo 7]gdo] Aatel] Feddli ol AAZ w|=
2] Earthrise FarmsellA& A5 (pond) wlFE S3led 360
(1995)2] Spirulinas AR AL, o] o = Cyanotech
Corporation(®] =), Ballarpur Industries Ltd(l1X%), Siam
Algae Co.(8]=), Wuhan Microalga Biotechnology Co.(%
=) ToME W ok SpirulinaRHE 2A7FREAE A FE
A, o7& AR 55 AAY, Helsia ol

HAHEN. FRFA| 2] docosahexaenoic acid(DHA),
eicosapentacnoic acid(EPA), arachidonic acid(AA)} 22 71
Ab&B- 3 3} 2 HHAF(long-chain polyunsaturated fatty acids,
LCPUFA)e] &4 o7} ElEH16, 48). vlH2fF SolM F
EF, FEET, ZAHERER, EEEF o] ek
LCPUFAE AAbshe 722 oA Qi) B3] x4

L-ascorbic Specific formation

Microalgae acid (mg/L) (mg/g cells)

Ankistrodesmus braunii

UTEX 187 0.35 0.57
Bracteacoccus cinnabarinus

UTEX 56 0.37 0.23
Chlorella emersonii

UTEX 1801 0.92 0.40
C. miniata UTEX 24 15 34
C. pyrenoidosa UTEX 1230 2.2 1.2
C. pyrenoidosa UTEX 1663 0.70 0.64
C. regularis var. umbricata

UTEX 1808 18 0.69
C. saccharophila ATCC 30408 0.90 0.82
C. salina UTEX 1809 0.18 0.15
C. sorokiniana ATCC 22521 0.99 0.50
C. variegata UTEX 28 17 5.7
C. vulgaris UTEX 29 0.25 0.048
Chlorocloster engadinensis 1.4 1.4

UTEX 307 ) ’
Coccomyxa elongata

UTEX 267 0.37 0.88
Cyclotella sp. UTEX 1269 0.55 0.80
Dictyochloris fragrans

UTEX 33 043 0.77
Euglena gracilis UTEX 753 0.17 0.20
Navicula incerta UTEX 2046 0.92 0.58
Neochoris alveolaris

UTEX 836 0.42 0.85
Nitzschia laevis UTEX 2047 0.97 0.81
Poteriochromonas danica

UTEX 1298 2:5 0.33
Scenedesmus brasiliensis ATCC ND i

30431
S. obliquus UTEX 393 ND -

Phaeodactylum tricornutums- ZXHIAES] 35% o]Alo] EPA
2 FAE E Aoz EuFIR{51].

DHAY 227§9] shaddatsl e7]e] o|FA(22:6)2% o]
Folzom, 7t T AL FAE Ak 20-
25%, 22|31 ke 50-60%F AABhRs F AARA A W
o] B¥ 3= Aukite|th 2], AR EF Crypthecodinium
oA F&3 DHAE T3t A1 84 242 vl 27
BxAFeE Je] Pl ole6).

EPAYE 20709 w29} 5709 25220508 Ze
LCPUFA°|e}. v\ 2T FollM Nitzschia, Nannochloropsis,
Navicula, Porphyridium 5°) EPAS- o} 343 #lo g o
212 glch. EPAS] H5-2 A 9] o|ikS 2HE 5 9l
W, EPAE X33 vIH 2R AxA 7 AAEsEAH. 1
lol| = A ZFoNA] ascorbic acide} -2 484 FALEHA|
o] FFo] K Table 3)[45].
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Carotene. P-carotene A]F2| B34 ARSpIRIA, 3}
AEE 3R A o= de] AMEE St ZEel] v
= FDAY 9J5] B-carotene®] A} E37) QA= ¥ &
A, T X BA o ooks w8t - xR F
23| 7kl olot

Dunaliella salina25¥] %% B-carotene v} AME3}E
IHTHG0EE k)l ZFAHEREA, F5(Western Biotechnology
Ltd, Betatene Ltd), ®]=F(Microbio Resources Inc), o] 2~}
ol (Naturebeta) 5ol A AJA= L Qle}[21, 44].

Astaxanthin. T2 Haematococcus pluvialis=5€]
ketocarotenoid?] astaxanthin®] AAte] 7| & ¥ o1 gjo
v}, astexanthing&Fe] ¥] 4 Qol=(1% dw) @] 2
sloF & A2 o} g)et.

Zeaxanthin Spongiococcum sp.o|A] AAke] @o] ==
Aoz odex 9l o] & WM S encentricum|A L
AAabske] 2 Ao B IE T ) rh0.35-2.8 mg/g)[54]. =,
Nannochloris®} 7339 % violaxanthin, zeaxanthin 52} 2]
FAYA R AMEE ALE QAkshe AR deiA Qv

Phycobilins. Phycocyanin, phycoerythrin 5] phycobilin7]
M 4x F2 Chlorogleopsis sp., Dermocarpa  sp.,
Anabaena sp., Spirulina sp. 52 92FEFE 974 £elE
4= 21t¥[34]. C-Phycocyanin®} allophycocyanin-> phyco-
biliprotzin® 2] v|AESH 22 cell sortingr]ol]l 3FFAE
Ag o] 857}, IFE] arrayE screeningdl=d] 31o1A]
AREE L )T 18]. SpirulinaZX€] ©]2f3t allophycocyanin
7} C-phycocyanin®] AJARE 8-o|3}3L vl geo] HA == A
Aol $,.¥H27].

SEEE

MElEMEN HEFE AT oA SRt £
Fo) 49808 ANeh] FAHLE 23} TR BF
g 4 olom, 4RlRNEAE BRAE ) o5 A
2 ¢k o2 12} A7 (primary growth phase)?] w}A|
1o 2 BE] ZX]7](stationary phase)® Soi7H= whA| o &
AEt} Z2F5A(phycotoxins) =X ] AL §-83)
olokdlasde AHd 4 old

ZFEA4E B85 (g toxinkg body mass) Z-4-2] E-o]
RS ole B4 oz TEE ol Fa 2FE
A2+ cyclic peptides, alkaloids, polyethers, glycolipids &
o] glv}. G &7 Anabaena flos-aquae, Aphanizomenon
Sflos-aquae?} AAVS= A7 S(anatoxin)  Microcystis
aerugirosaZ} A= ZFAFE-(microcystin)S-- 71l H-2
2 ARE-3kar Qlukal A o8] whebr] zpAA oA o
=2 Akl gt 713, 37 Foll ek A7) we] o]
Sl Slet39].
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Table 4. Categories of bioactivity and the range of agents
detected.

Biological effect Substance

papain-, trypsin-, plasmin-, aminopeptidase-,

Inhibitor chymotrypsin-, elastase-, protease inhibitor

Antiviral B-carbolines, sulf.olipids., cyanovirin, indol-
carbozole, calcium spirulan

Cytotoxic lyngbyastatin, fischerellin

Fungicide fischerellin A, phenolic, phytoalexin

Algicide glycerolipids

Bactericide kawaguchipeptin B

Cytostatic symplostatin

Hem, o7 7hA] 3] g o] Al 12y
HA7A I 53] dFRbe] EIF duiA QS Woldt w
2hA mHEFERE FEEE QAR A=l vlelvl A
7, o, AT, A 58 BAE FAe A2 4E N
o HA =97 el & 4 Qe A=EAdEHe] '
9 7 9 EA o] Table 494 2}47].

ok, A, dAT, ShfolY s, A AT} 22
ket A A S| v ETel 23t WAL 73t
#HeZ HIEG14,36,46]. FEZF  Tolpothrix
byssoideaZ X €] FZ3F AA3FEQ] tubercidin P-388 F
A W8 jn viro BAJe] Y= AR RUFHH =
ZF¢ ChlamydomonasZF-¥] %38 L-aspinarigenase™
Fe A= 8F] S dAsY v T FHUATA
(National Cancer Institute, NCI)= ZF-25€ Y= E
Zle] ghel o8 qe-g 3t 9l2m, sulfolipids7}
HIV virusel] SH3led in vitro A o] 21S-& B3k v} g},
T3 H o= FEF Nostoc ellipsosporumelir] F23+ A
Bxle] whEe] cyanovirine] S5 el J8FS 1] 4
HIVE 284318 4= 9lgo] Barsgidt.

QINUBREE.  Spirulina= I HAE S35 zPd3)
£ TolFa AA A frell B} e AeE dEA dd
[4]. o1& &3}= 257} 233l Y= 34, carotenoid
A A vitamin B Sl &8 Ao g 2= glv} =t
Spirulinax Abgolvt FEo o3te] FAHRA X3l
linolenic acid® &3t 912w, ¢ linolenic acid:=
prostaglandin®] 445 FA18h= Ao o=jx gl

FZ2Rel Synechococcus®| FEF0] AE AL S5l
712 2 ¥ 352 o]= phycocyanin, allophycocyanin
# 72 phycobiliproteinsol] & 722 oA gloH4].
Cystoseira barbata, Fucus gardnerii, Phyllophora nervosa
9] dE=F= P42 cholesterol FEF WFo] 13 gto]
W AR E ke 5 glon, o] ol & Xfdl EihE
betainesl] ]38t Ao 2 A Qo wI Pz T
Scenedesmus obliquus, Spirulinao| A% ZF2] Al o]
cholesterol %5 W¥5t=d 77} o] HalEgc}.
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HAMA  Phycobiliproteinsy g&F9} F2F Sl £
0 Behy mEALZA AW EDS) S46) @} phy-
coerythrin(PE), phycocyanin(PC), L8] allophycocyanin
(AP)°] M| 7HA 2 FEH. o] F M FollvA]d] o3}
of 7= F5E VA 90% oS FFoE W
&+ 4= ole}. =8 3kA), strepavidin, biotin 3} k¥l A%}
AL PAs= 5o sl WA phycobiliproteinss Al
o] 733t e S FEE] f18k Awe] Felie] gl
HAAZA FFEA Y 7]5 0] 3o AAEZ phycobili-
proteinsy= flow cytometryt} fluorescence-activated cell
sorting®] -8~8-%]3L )

LYAts EXIEE. wHEFE AHLE A= PCo,,
PNOs, H,0 53 2 F71824E BC, PN, 2HE 3+
& uRke] {718 B Ao s A nHER
T dAFELE ol frdske s wikRil S Mg e 2A
oeFgt Sl AFES e QAks 4 ol 3 o]
|53 Qe 27 Aalshe WAFs R BAd I_jEE
glucose®} glycerolelt}h. &, ZF7}F 13C0,2] &) slellA A
apHAl A AEE QAR o] &2 ThEslEe] A
R3] BC-glucoseE Ak 7lolet. o|e} Zro] {7}
=3 A E WAbFso g FAH AREE dAHRE 9
7] $13t A B2 ARSRIT

S LH2| microalgal biotechnology

I FEAL R FAEA Qe TS Al S
A At Fgeleh 2E nYERNE FEAEARIS Y
B3z} sk AFv SosiAl SAE D ot £ak 2o}
¥ okl mpeb S ME FEAERIS] i Y o]
S25E AgaA)e] el Higt I d7v) 2xE=H
et

wAH R0 ARdA ool gt ATF-EA] fAkeFAle] A
=Ho|2A] Chlorella 5-2] wiokell AgE AF{10, 25), FA
o] ALB& wM [ N3, 26), Isochrysis galbana=-
He 7% ExsipAle]l EPAS} DHAS AJAH40] So] 4
v} e}, soF =252 e EPA AJAkY] A o)
#3r AF2M Chlorella phyrenoidosa’= 25°C, 10 W/m?el]
A AzZFE] 352%S EPAR EA8l= Zlo2 B uEg]
oH31]. =3t DunaliellaZ4-€] B-carotene®] Aol Tl
T3k ©A17E Qbel] carotene AJAMI S SFIA T B,
41] 5ol =t

AR A FOZ o] 45E HNZHREAM $Yo =3
3L R Chiorellag A4 AAKIE SAIAS Bsl) 9
Sto] AAHGE)S 19974 AZF 3608 759 whax wjoky
ol 28} Chilorella AAVAN)E- 225 om 1999\ A 13] =
A Chilorella 2 EX--E F231HAM ChiorellaS 7A7}R F
AVE, A, ok 7l ofalE EHaEe] Als SoE B

73 sbsied Algslr] Alzkslsie).

A 2FE] AP o] 8- oJobE, N4, wEtkE, Y
setebE 5 TP £-4-840] 3 gl Akl e
2A 1 BAe] FrIslR lod, HpxiEle} FH o2 K
1 olg #HeZE EHH 2 gloh. e A FAYERRS
7] & AR dEFr)ee] ¥5E, xR S B
AE wlA 2Tl ot AR 31 gAdel o3t Ak
o] o ZAIX <l 797} Wol, mlHZH] AkIA o] 8- A
ek 891e2 2439

Anbr oz Sujel|A] wM2F AR 1980
Aok R AEH o2 A AFE7] AlFslgieh. FH ol S
r8Ede] Ak 9 3R] Heokr 1 AT 9 S ol
3 713 glont, obx] u|M|2HF X 1 7)2y)E fjule)
FAS T Q7ET vk iy

=t

—

e

oM =Re RE=H

dn
ok

55|58
SR B nMZzRENE SIEA 3] s
o FIol| 5 HEA 535 o 2. Helicobacter

[e]
ol#&t EA-2 Haematococcus sp7t AAFSF= xanthophyll(
AAE of| | 2.3} astaxanthin), 72 A EHOZHE 3
23} ascorbic acide} 72 84 Ak 9} 722 wl43)
2 52z ot

E£FFTTIRE PATA AURSS HzR
Asparagopsis armata®) FEE25E] ST, A Aol
UE A Azl A3 Aelr). o] FEEL A3 A E
Stod AL 10,000 o o] FEAS} f7) A 23t}
3 lek 53 Spirulina®} omega XMHMAIS] GE3) B2 A
BAI51= omega AL Spirulina®] TZEEZ TAE
ot olefal B2 453 B350 S48 o 2 X3
AR 4 Sl

EXFYSEY 2y 2Tl gl ealE gl AT
4 b g o8t 2RF el A A7 o 2
o}. Astaxanthin A A 279 AHFEH 723
Haematococcus pluvialisgs WA 2.2 B-C-4-oxygenase ZA
< ZH= peptide2t DNA ##, RNA HH, 2|33 DNA #
2b, o5 X3 AE 283 ofF AEL o &5}
astaxanthing- A sl uphiel] 23k Fl oo}

A R A g 201 AL A wA 2R
Q1 Phaeodactylum tricornutum™} 722 FE2FE ASZ
SAAL Zeocin WAFAALS E£318F DNA(sh ble)d] 3AA
3 whel] #gk Aot dAA WA KRR F %
promoterel| 2J3] FHHT}. =31 Chiorella FZN 22 HE]
AA-M EZ4] promoter 791 A-7-AEZ2] promoterS




3= ¥2H Chiorella®) 584 F29¢ A31 Aolch

olg} & FZAL F3 7S, N 2 el 9
3 9% oﬂﬂﬁ% i]icﬂ AR 4 9lo)

S5EY. 2RE 5854 Ak 27 wiek, 2F
£ o] 83t %73711*4 Eo] S 4 Yok Y3t B3 EFS Hjot
317 $1ete], 199198 200039) AA 1037 Journal of
Applied Phycologyell 2%l E8|al8.5 £ oz HAst
At

A7) 2AME ARl b nlM 2R S8Rl Ad
1087 Ru%l Bl & 5874202 199094 Fxkel] wol
Fx3l5 e 199059 ol A& v 2R/ S5 EePd &
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Fig. 1. Percentage of each application field of the microalgae-
related patents(1991-2000). 1, Bioactive & Useful compounds; 2,
Biocides & Biological control; 3, Health foods; 4, Medical materi-
als; 5, Feeds; 6, Pulp; 7, Photobioreactor; 8, Cultivation; 9, Har-
vest; 10, Environmental research; 11, CO, fixation; 12, Biofer-
tilizers; 13, Molecular biology research.
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Fig. 2. Percentage of each registered country of the microalgae-
related patents(1991-2000).
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IHEEL Fig 19 A}, SelRopizt $454 2 A
ZBAEA Ropr} AA2 28.1%0l ddel= 165122 7}
A wske 2 ooz A Foprl 194%2 11474, )
A 2F2] wok7)E Hobrt 11.1%E 657 Zalglct. o] 9
o= FAERRT] PE9.0%), HsAel 5 A &
43 Hok(8.5%), AHEAE HALEOH6.0%) T2 2
At S}

19909 1097 A& ol ERe] E5 S7PE EE
¥ Fig. 28} 2o} dEo] 216702 AN 37.3%Z 7}
A wekom w|Fe] 2912 11971(20.6%), A MA S35}
9671 (16.6%) 22 ZAFH ATt AW F/M e §olA
5, Halo}, of= SOl wiwH @2 53 E HAia
dsi=t.

EE Wgoz2ys vAEFe] 53 19959714 A&
o] 3|7} FZ ol Fgl o} 1996QFH v|=F E3)7t A
Bl ohgel A et Bleke A9 welet

27 fE2E Mo #Hpo|=
njMIERe =22

AT g mMETe ek S 8t vl wekst
22 op7hA] nd 2] Eeld dejMe 2EEE iy
o] glowm, iz Frke] AAEA S ook 7] o] 5
o] 7Ivkg & Felub o] AEEAS. A o845 FE
W © 2 3= capillary pipette, streak plating, spray plating,
isolation on agar S°| QJTH24]. o|&} 722 vbH FolAM 2
A7 AR glol ¥l S5 w2 o AR RNE
Al &S AAE P ol AR E o] &3t streak
platinge] 2 AM-EIL Qieh

TE 27E T AdE 5] 98MEe FEshEA
= QWi i Asdel Al&Eoief gt AR o2 A
2, 223}, 34|, potassium tellurite 2]2) £2] vl e] ¢]
onf ARIZ o]9} ZE-E wPle] B3P gl of3l] T
ZF(axenic strain}s 28T Q1TH{30, 38].

S| (x5}

| 250 AkgdA o] 8e] AAEE F8 o Aabt
7V T3, § biomass®] EH3lol| ofe]-Fo] 317] wiFelct.
853 AAke] A5, A IERS A8 A-F el 7]
&) AYAkA| A B} *3’:1‘7}'-; @& 5 9l dhEp oAl s
< 514 ke <hslot

ZFRAAL Al 282 wjokAdlg Wl 2% biomass®] &%l
e}t A Al 7R R TR 5 o A, B 2FRE
T, F71 R, S ol &3 gl ARTA A
vjofel= Z o2 A biomasss T2 A|EAHIIER o] &
otk S FUIE R skl AU el st Akl
TE iR o] 83 Alawlo|t}. o8t AlaEloM 25
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NAZE Tkt o2 PAE Aldat FEIP H4. ¢
o] 259k MlFF Abele] FAA AVt ¥ €t &,
ZRE ARl B AR AR WEs S Al
o o3l F712RMEe] 371A Haljel] o]4=lc). oljgt
Aol F7|ekA3RHES FEH 07 o]AlFeti Al
I 5l gsted AT FH R 2FHE wiX| 25 EH
£4Z 240 ¢l2 o]83)ed biomass®E HFEEE M ZoA}
o B2 1= X} W ok 249} ¢lo] A¥ (luxury
metabolism)=|o] #|FH 2|75 2 Flet. o2t A AR
oA WAL biomass: 25, AT, FEEHIESE FA
o AAE eloFgolvt Q3RS o83t HHA A =
FE vioksls AR SRodchlR|A] wiekst.

o) zRe] dighobie A4 F 7R BRS¢l
i, 33 Ay 5o o8 A Sl AA™EE 2
7] fisted EAu {AR)7) AREe st A AR e
a7ke) g EAS Aakshs B ulAdlERe] wieks
olgt Bkt UHy FAYEURT|E FEE 4 gl

2R dghckel &3] AMSEE= ) wieke] A o
B el JEof o3t 298 w4 it 299 F& e
AT oldeE T2 27, FEETHIE, v, 3%
o], F& S| glow ol ¢ie] ukA] g AlAd 3t 7]
%7\e] Hg3)et.

25 di= s wjoke SEiMe B At e
g ojof 3], Zghst BAYEU-ST)E A st AT
7% B 25, BAEARS7Y 7Skt 5o, wjoky ol
Zol, 1 99 dgkelz} 55 FH3] Tejsledof gt &
of, mi|=Fe] wiek Aol 25 AR H Aabrbs 22

o) 43¢ 2 Tefaled FalHolok 2k,

DIMIERe| 8

Z50) depiloke B §-8210) Aol s
ofof & 23 A Fo| shlst AAA Sy Y
ofch. wiopel 2RO} £8e B4R, A3k, AA, ¥+ 5
3 2o Bl AHE B ol Foialet. AR} o)

e wAERe) A ANE R ST 5 Ao ulg

A7l e gort Aol (Table 5)[37]. w2 v
AzFe] 8 uhie AR 523 A2 Ao webr =
Axjeof g

A mAzF AR AL =/ wikde] s
$E7)&0) 9F & § vk w2 wMERe
wjokallol| Ao =7} wom =7)7}F 30 um oldfel 1, E
o] Wt} ot Avke o FE2NE FE5|7t SolskA
sbe}t gkl IS 259 F d 2FENE deiR
FEEAY £X6 g gEiAA AG32). 1 4=,
Dunaliella salina23-€] carotenoidsS QA 3H= 75,
bubble columng A3k 5 ¥HEAS =75 F2I8t

Table 5. Advantage and disadvantage of different harvesting
methods.

Method Reliability ~__ Lnerey - Quality for

requirement conversion
Centrifugation Good High Good
Chemoflocculation Good High Poor
Sandfiltration Fair Low Poor
Ultrafiltration Good High Good
Microsieving Poor Low poor
Bioflocculation Poor Low Good

T 54EUS EHeR 28T & e Y Sol U5
[22, 28].

EAESEH A

FAAY S| whde EAEAL ko] 3 v
|82 AAste] AEF 4 e e 2 v
A E-(Genetically Engineered Microorganisms, GEMs)2]
kS FhsslA slgict. wel A 25E felgt m)A)
Z5ol disted EAo] fruzt 2 AA] S AR
A QR A =9 9§34 23 55 F3ked A
ol g WA o] s, 2FH 02 QAgo] T A
Abo| SkAJEY $-=k {0 Afwle] gt A7t EEA
Ut

s3] EA9l Rubisco W2 F7)ekaie] $5-2 A3hds
L AAE= F83F 93lo|t}. Synechococcus sp2] BHASF
27)2H(Carbon Concentrating Mechanisms, CCMs)-2 ofjv]
2 Q& Ao 27 Fr|ekae] MEY HH3} B
9] Rubisco’t Y# 3t carboxysome W elAl carbonic
anhydrasee] 2|3t o]AbzlekA: TA o] F A2 77E +
olem | ofof) Fesle FAIRle] HAo] o]Foizl v} glut

A Eo} A mAERFE 02 o8] 7HA] vectors®t
A 719 o] =il 3344 SH(transformation), 71 4F
1] (electroporation) 2] 3 A §}(conjugation)e] A=} He|
o] AR&E T ek AFTHA] A GrIMGe] b 34
H m M 2F= A EA L Synechocystis sp. strain PCC
63037 A3 o2 oM ES A E= Anabaena sp.
strain PCC 7120°| %}, Nostoc punctiforme strain PCC
73102(ATCC  29133), Synechococcus, Prochlorococcus,
Gloeobacter 59 N3 44 971G A=l 218
o Sict.

T EPAE AAtsle MFQl Shewanella sp. SCRC-
27389) EPA A &A §-A R0 WAt Synechococcus sp.
strain NKBG15041¢c W52 Aol 2Jsted Hojd 5= oS
o] RIEgIcH53]. AT wH=FE g EPA%
AT7EAQ 20:4n-3S WA fAFEH o2 22tk
Anabaena 7120& Hx2) H3HA ) ¢lo] aHE FF £




A2 AHeE $ 9= 571 -2 phycobiliproteing- A E

el $ARE 4 SIEHTL

(=] oFf
L =

wlA R Tk MARVY, BR, 2 5o A
zZhe u| Y EFo|H, ol 52 Z4F FEEAE Akl A
2 d9A 3 Qi) whed A 7R FEEA AR A3
of AFHoR AFHA M, FFe| T 7 Y
438 AR Bag 7E A gl

nlM| 225 wioke] Tt £ AR JEe AEAAkl A
gaiA] g 2 9x, 78 vl 59 S8 AN E
Al 257) lvke Aeldk. 2 78 PINE 24, 7
AE ek, F8EA wr|e 52 7N Z1Ee] A Eg
shaA )M 27 wiok 2 EAAAL B8 Az} AR 2
et w3t T FA3) g APFET|ES ol &8 &
AFE] 2755 N 0= 884 WA 8= A F
7 = oA =k

g A AAH oz AFEEA T8 BFoE A
slgdon], Saloll BT 5 AEARY] BE Y &
7} FolRos F83 Aot & 4 §lvt. mlARRFe
el A] wiR A SAH$E o] S3tvh -8B
Ak} FAlel H 42 BAA ], 7] F olikslelkae] 1
A3t 5 AT IATAE AAE = e A 7]
=2 rkE gl

webd el 2R thEfuloFe 53ke] biomassZHE] 71
AR 22E A A, ook 22 5o IR F8EAS
ksl AAA A E AED 4 o =3 vAEFe
ek o g AESHY o|Alsleks T3S 3t
7] F Fx7tA 5o ATFIAEAS A E 7T 5
glv}. ZF, microalgal biotechnology™= AJEAF1<] &4 3}e}
A A WA S =RE 4 9l s vl AR
ogx gkoe Z kel 7l

#Atel 2
o) EEE ey AR sk 2147 E2e)
ol Akl (1Al A2 B Al )R] AR AL
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