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Summary

I . Research Project Title

Industrialization of microalgal production through the strain improvement,

optimization of culture condition and development of high-efficient PBR.

II. Goal of the Research Project
The marine alga play an important role in the aquacuture as a live feed of shellfish. The
objective of this study is developing of core technologies which are needed to
commercialize the production of this marine microalge.

. Scope of Research Project
Using the valuable strains of Nannchloropsis and Tetraselmis as live feed, investigate
prferably commom factor with their cultivation and establish standard production

method for them.

O Collect the strains from various source and select the candidates for studying and

production.
O Consider the suitability for live feed when candidates selected
O Investigate the nutritional and cultural factor for large-scale phototrophic culture

O Reviewed the scale-up data for design of substantial PBR through the small-scale
vinyl-bag culture

O Prepare the scale-downed PBR, cultivate the candidate strain with it and estimate

the operational problem or trouble
O Make the production-scale PBR, and optimize production condition
IV. Results from Research Project

O Selected Nannochloropsis oculata (Npo-2145) and Tetraselmis sp. Tsq-908 primarily, as



the candidate for production strain and Nannpchloropsis sp. (Npqg-531), Tetraselmis

suecica Tss-904 as second best

O Selected the above strains on the basis of potent growth above 25T, axenicity, the

sze and shape of cell and PUFA content.

O Established various methods to obtain of pure culture of microalgae from

contaminated stock.

O Investigated on the effect of nutritional component and concentration, pH and

temperature, light intensity, feeding of carbon dioxide, salinity and etc.

O Accomplished the trial cultivation in various type of cuture container or PBR, and

then experimented with simple small vinyl-bag, in more details.

O Experienced the scale-downed, bag-type PBR and depending on this experience make
modification on the design of planned PBR.

V. Plan of Development Performance and Utilization

O Publicate the data obtained from this project, in the paper, and submitted in another
paper.

O Consider to extend the business into the field of a live-feed in aquaculture.

O Plan the patent about PBR.
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Definition of Algae

O A photosynthetic organism with one or more cell, but without any or with
very little tissue differentiation, specially regarding vesicular tissues.

O Unicelluar or multicelluar photosynthetic eukaryotes that generally lack
roots, stems, leaves, conducting vessels, and complex sex organs.

O Primitive chlorophyll-containing mainly aquatic eukaryotic organisms
lacking true stems and roots and leaves.

O Algae (sing. alga) are a large and diverse group of simple plant-like
organisms, ranging from unicellular to multicellular forms

upehA 25 (algae)t AASHA Tt EFeHAQl &oj= ofyn, HEAH R AEE)
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Cyanobacteria- Cyanobacteria-
Microcytis Spirulina Glaucophyceae-

.30"

T

Euglenophyceae-

- Euglena
Glaucocystis Euglenophyceae-

Peranema
-‘\\
Prochlorophyceae-

Prochioron Glaucophyceae-
Cyanophora paradoxia

Dinophyceae-
Ceratium

Chlorarachniophyceae-

Chlorachinion Chlorophyta-

Pedliastrum

Dinophyceae- Haptophyceae- Haptophyceae- Heterokonta- Cryptophyceae-
Noctiluca Peurochrysis Prymnesium Navicula Cryptomonas
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Early larvae of
crustacea and fish

Brine shrimp,

Early and late !
mollusc Iawa‘/

Food y-“d
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E_;J- copepods
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2004 Rank

Percent of

Cumulative %
in Production Production 2004 World | of 2004 World
(rank in 2003) Country 2004 (tons) | AQ Production | AQ Production

1(1) China 30,614,968 67.3 67.3
2(2) India 2472 335 5.4 728
3(5) Vietnam 1,198 617 26 7154
4(4) Thailand 1,172 866 26 78.0
5(3) Indonesia 1,045,051 23 80.3
6(6) Bangladesh 914,752 20 82.3
1(7) Japan 776,421 1.7 84.0
8(9) Chile 674,979 1.5 85.5
9(8) Norway 637,993 14 86.9
10(10) United States 606,549 13 88.2
11(11) Philippines 512,220 1.1 894
12(12) Eqypt, Arab Rep. of 471,535 10 904
13(13) Korea, Rep. of 405,748 09 91.3
14(17) Myanmar 400,360 09 92.2
15(15) Spain 363181 0.8 93.0
16 (14) Taiwan, China 318,273 0.7 937
17 (16) Brazil 269,699 06 94.3
18(18) France 243 870 05 94 8
19 (20) United Kingdom 207 203 05 95.2
20 (21) Malaysia 171,270 04 95.6

(A5 Z*]: The World Bank Report No. 36622 - GLB (9))
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WAL (HMT)
2005 2006 2007 2008 2009 2005 2006 2007 2008 2009
81 91 98 99 110 7,232 7,984 8,023 7,646 9,816

233 256 162 277 285
326 391 479 344 327 3,145 3,437 4,473 3,688 4,940
1 10 15 15 17 197 198 247 224 230

oy
N
SN ENNEL!
=
N
=
N
N

=l
E==3

N
m
+
rr
ofn
njo

of = & 621 765 793 921 859 2,678 2,557 3,090 3,366 3192
o 1,041 1,259 1,386 1381 1313 13484 14432 15995 15201 18463
24 (=& Hel) 420 494 593 460 455| 10,806 11,875 12906 11,835 15271

(& *:http:/ /fs.fips.go.kr/index.jsp ] A AHE A Al 2~ 8]

o 2008 4 2009 4 2010 A (112?)
L waz [ ownge | owue | ossgo | owem [ ange
A4 1,924| 27,718,856 1,893| 28518467 2,585| 34,453,420

nz 2| ageye 1,794 25,604,623 1812 27378347 2563 34,074,889
Cy st 130 2114233 81 1,140,120 2 378,531

| 343,704/ 368,784,868| 326,544/ 494,013,628|  240,339| 375,260,063

2z 249,976| 118444544 240911 155128837 174956| 92,463,928

812 67,442 24533952 55035 37,752,736 37,323| 20,507,915

e 15541 25931557 17,905 36,022,809 19,658| 41,505,529

He2 5146| 171,410,142 6,207 233,145,394 5127| 190,938,487

noe 1637 5614155 2966 9,029,633 1151 4821457

B 2| oz 1,903| 16,645,927 1714| 165599430 1352 21,789,145
B 1318] 2,893,664 1320 3665723 449 1,403,301

JtalH| 1] 2433839 348] 2,353,587 27| 1,621,158

Stz 68| 436801 74 195,929 % 209,011

=3 213 374,182 0 0 0 0

uyst2 39 66,105 64 119,550 0 0

7|EFTY 2 0 0 0 0 0 132

A7 15,345 22,433,172 16,743 22,981,283 12,174| 21,930,665

o244 0] 7,826  13422,822 7,208| 13,471,395 6,386 15,176,989

7|E} NEE 2620 4818276 3845 5003141 2903 3,372,663
FASE | Qs 4899 4,191,989 5690 4416647 2,885 3,381,013
M7 0 85 0 0 0 0
J|EpAAES 0 0 0 100 0 0

(& A:http:/ /fs.fips.go.kr/index.jsp o] A 4HE Al Al 2~ 8]
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¥ 17 A5 FASHYRAA
=3 (kg)

FAM=SHHE [ 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
A 26,362] 34,066f 30,678/ 8,369 23,756/ 17,832| 85,257| 126,302| 100,670| 92,267} 128,359| 84,728
Zojget 464 479 514 599 1,464 1,741 254 242 999| 2,787 1,586 7,701
st 25,898 33,547| 29,838 7,456| 22,016| 12,883 77,236 110,227| 73,435| 61,214 89,903 24,660
i) - - - - - - 77 260 340 238 - -
ME - 40 85 85 268 529 1,297\ 3,105] 3,415 3,856 3,516/ 5,003
=L - 241 229 8 683 1,549 2,518 6,093] 4482 3,843 9,622
pAPSE] - - - - - - 682 1,791 1,988 2,940, 2,598 5,214
=& - - - - - - 317 568 909] 1,045 2183 2694
FENE - - - - - - 2178 4719| 2,090] 1,680] 1,873
e - - - - - - 652 - 525 648 362 618
= - - - - - - - 317 - - - -
off A - - - - - - - -l 1,059 15321 4310[ 2243
F K= - - - - - - - - - - - 310
sx 22 - - - - - - - - - - 450 478
2g - - - - - - - 188 464|920 1,887 2771
Jtxto)E - - - - - - - - | 0] %
ZECt - - - - - - - - - - | 702
27 - - - - - - - - | 1751 3811 9641
2oMmui0] - - - - - - - - - - - 21
HEX| 2} - - - - - - - - - - - 15
Sutryst - - - - - - - - - - 124
U EE] - - - - - - - - - - - 65
Lj&oio]2 - - - - | 1996] 3193 4908| 6724 8744 12541 10,973

SO TR
FAM=SHHE [ 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
A 202 294 321 312 626) 1,187 2662] 5717 8101 8958 10,642| 15954
Zojget 71 80 74 120 270 382 221 110 299 783 674 2,286
st 131 174 97 37 57 16 343 547 564 205 379 125
=i - - - - - - 55 130 170 100 - -
ME - 40 85 84 292 560 1,212 2423] 2885 2913] 3,122 4111
=2 - - 65 71 7 144 261 1,001 1,968 1,608 1,236 2,196
pAYSES - - - - - - 122 385 499 562 514 1,202
=& - - - - - - 83 261 348 520 867 780
FEE - - - - - - - 59 99 188 30 37
e - - - - - - 64 - 125 176 56 82
=0 - - - - - - - 142 - - - -
off A - - - - - - - - 253 358 997 558
R - - - - - - - - - - - 120
IySEET - - - - - - - - - - 20 198
|= et - - - - - - - 67 174 284 457 814
JHRp0) = - - - - - - - - - 30 146 -
Zertg| - - - - - - - - - - 640
el - - - - - - - - - 298 711 992
2o Mmui0] - - - - - - - - - - - 10
TWE} - - - - - - - - - - 42
Surohst - - - - - - - - - - - 30
U EE] - - - - - - - - - - - 18
TER = - - - - - 86 300 592 716 9320 1433 1,730
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O g mjgo =2 PBR YARIH] S scale-up data &1
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Hzo| dldm A zF Mg 1892:d Miguelo] ol F7]9FAS Hrtate] 24g v
AR 7S i A E Y ey gk A= 1912 Pringsheim©] E¢F
oo Mgt Hx= S

[e]
+ = AT s FXA717] fAdte] AREEE Aol o] W
< 19273 Schreiber, 193411 Foyn 5ol 93to] A& A7l = AT} Schreiber= 3ol &
AP EF (NaNo3)Z Al104F HEH (NaH2PO4) S W2 v ¢~ 7heksh v & 7318l =)
Foyne o719 EYFEES H7}S Brdschreiber WA S 7|3t o 2y 5374 de] Al
st wiAE W (11).

o] %o 1957\d Provasoli &°], 1962}l Gulliard¢} Ryther”}, 1971\l Ukles7} A} &l <=
o F71&S FH7EsE wiAE NSt ar, 1960 Lewin® Lewin, 19661 3¢l Gold$} Baren,
1978\ Starrrk AFAd| ol F71ES H7Es wiXE ekl

A Ukelesi= 1971 HYEFo = A 5 (1957), Drrop
(1962)2} Lewin (1966) 13|l x| & wh&Eo] Z=F/o HIEY 8% &, ddaTo A
T2 WoEA g sYu MR S 7HsA Sl

TABLE Main Algal Groups Cultured in the Media

Medium Group Cultured
Freshwater BG11 Medium Freshwater and soil Cyanophyceae
Media Diatom Medium Freshwater Bacillariophyceae
DY-III Medium Freshwater Chrysophyceae
Aronson Medium Ochromonas sp.
Cramer amd Meyers Medium  Euglenophyceae
Beijernick Medium Freshwater Chlorophyceae
Bold Basal Medium Broad spectrum medium for freshwater Chlorophyceae
Xanthophyceae, Chrysophyceae and Cyanophyceae
Mes-Volvox Medium Broad spectrummedium for freshwater algae
Marine Walne's Medium Broad spectrum medium for marine algae
Media (especially designed for mass culture)
ASN-III Medium Marine Cyanophyceae
CHU-11 Medium Marine Cyanophyceae
PCR-S11 Medium Prochlorophyceae
f/2 Medium Broad spectrum medium for costal algae
K Medium Broad spectrum medium for oligotrophic algae
ESAW Medium Broad spectrum medium for costal and open ocean algae
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¥ 2-2. WEE wiX o] vt

& Fo 2F (14)

TABLE Application of media -fresh water

Medium Classes Cultured
Defined
Beijernick Chlorophyceae
Bold Basal Chlorophyceae, Chrysophyceae, Cyanophyceae, Rhodophyceae
Bozniak Community Chlorophyceae, Chrysophyceae, Cyanophyceae, Rhodophyceae
Cg 10 Cyanophyceae
Chu no. 10 Bacillariophyceae, Chlorophyceae, Chrysophyceae, Cyanophyceae
Rodhe VIII Bacillariophyceae, Chlorophyceae, Chrysophyceae, Cyanophyceae
Volvox Chlorophyceae
Waris Chlorophyceae
WoodsHole MBL Bacillariophyceae, Chlorophyceae, Chrysophyceae, Cyanophyceae
Enrichment
Modified Porphyridium Rhodophyceae
Polytomella Colorless flagellates, Euglenophyceae
Proteose Chlorophyceae, Chrysophyceae, Cyanophyceae, Euglenophyceae
Soil extract agar Chlorophyceae, Chrysophyceae, Cyanophyceae, Rhodophyceae
Soil water Bacillariophyceae, Chlorophyceae, Colorless flagellates,

Trebouxia agar

Chrysophyceae, Cyanophyceae, Euglenophyceae, Rhodophyceae
Chlorophyceae

Y

FatAl wigpe] Fhstol whe vAlxFE Hol 4R s 2
b sl Qelskek (1), VAT Mokl AHEEE wAE

2-3. g A w ek o 2/ F (15)

TABLE Application of media -marine

Medium

Species Cultured

Enrichment
Erdschreiber

Grund
ES

f/2'
SWM

Synthetic
ASP-2

ASP-6
ASP-12

ASP-M
Muller

Wide variety of organism including both unicellular and benthic
species

Rhodophyceae including Ceramiales and coralline species
(Cryptonemiales)

Numerous unicellular and benthic species

Wide spectrum of unicellular species

Benthic and unicellular species of Chlorophyceae, Chrysophyceae,
Phaeophyceae and Rhodophyceae

Axenic culture of a Rhodophyceae and several species of
Laminariales (Paeophyceae)

General purpose medium for both unicellular and benthic species
including axenic culture of several Rhodophyceae, Phaeophyceae
and Chlorophyceae species

Unicelluar and Rhodophyceae species

Wide variety of unicellular and benthic species

Dinoflgellates, several red and brown algae and coenocytic green
species.

Chlorophyceae Derbesia (Codiales) and Acetabularia (Dasycladales)
form reproductive structures
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2. WA aS
o F-3E0] MM 2 3R 7 F43 % (photoautotrophic growth) E5F o}y 2} Ef7}ed 440 %

(heterotrophic growth)= 7}& 3t

THFFES vE %

AxPoRA §7155ES ol
=3

oN

1‘
of
o2
o,
ol
2.
X
S}
Q
=
o

2]
=
=,
(@}

aq
=
S
g
3

=
o
ot
o
2
N
X
N

)
g

MW

%
2 JQ3 JGAA} (growth factor)i Rk ofu g} gAY
&7 e AS "ok, olek wEste] B2 ARl
ks
Chlorella vulgaris 32 &9 WAlZRFE o] B7F YA G ol &8 AdA wiFgol 74
wEjo] ARV AFoR FujE i A L= AL, Schizochytrium B Crythecodinium %=
DHAS| AatEA o2 el7td FuFH-S Blstar U} Chlorella vulgaris®] 73 -$-oll= A& A4
A7} "= oy, Schizochytrium 2 Crythecodinium= A 21 A= &l gol7] wfitol 3+E AF&-3t
A Ee B Y S NEte A AE A Ao m wjko] ZhesiAl H AT
s ARESHH BAE FAANAA AAG o] Wojx|7] Wi dE wiAlg vl RS Tl

ojelo] T F2 B7F YA Eol 7t Ao ATHAY AL Brachiomonas submarina
(16), Chlorella pyrenoidosa (17, 18), Chlorella sorokiniana (19), Chlorella minutissima (20),
Hematococcus pluvialis (21, 22),  Micractinium pusillum (23),  Scenedesmus obliquus (17),
Tetraselmis suecica (24) ©| 527 R G2 Spirulina platensis (25), 735+ Phaeodactylum
tricornutum (26, 27, 28, 29), XIQYH 5% Nannochloropsis sp. (30, 31), fr=dl\tx7 Euglena
gracilis (32), <X %5 (Dinophyceae, dinoflagellate) Karlodinium micrum (33), Fragilidium
subglobosum (34) & o2 WS X7} mixotroph)& Hof =} tjge] A5 90% ©]/d<]
25% T39 Y2147} mixotrophd 202 #2343 gl (35). olsh o] xRe] B3

k9
Fof A (life style)& s8stedw= A77F ol =L AT (16~34).

3719l Chlorella vulgaris, Schizochytrium 2  Crytphecidinum o] Ao =2 E}7}d W
(heterotrophic) & = RF vl 48 o= Q)&= ZF ob¥ ke =3 =&l 3 A om FAd ¢
Eote] Frl=RAE A o3 B At gdes dchs 2FE e (36).

3}

Aol venl 2o v AKAAE DA i 97 Bk R VARFA B
ol S1% ANGFY IS RO Fa %

Al T v el oM 7ol e 2dshy] ft M T A% A FYEE
H, &% (turbulence), ¥ %= (salinity) 2 >%olt} (36). ZF 1A} %
Zke] &R Fo mel 5o]4 (species-specific)©]
U= T dow oy oA HA e Qx} FFo]

T - - ] -
A2 oyt (36). wHEkA W seto] AAEAS HES Fa7t 9l

b

erE mAER FRgae 2R A A fAskE el 4 ol Holt F, F4
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o]l 2H{F= 10T o8, 2= 10~20C, &= 20T o]itolt). 7F4 &3] njeky]a 9=

AR Fo] s &k M diA A R gt F El Foll et W == JAT o
7N 16~27Colar, 1 F3F a2 18~20C & 7 Hol] AFE- LB o] FolA 16T o5t
Mz Aol =8 A AL, 35T ol ol s AW 4otk (36).

A Zo e o] mAZFAE B FAAANEY duA Lo E=A A7 (intensity), 32
AEF ] A (spectral quality) ¥ 357] (photoperiod)E i#fsljoF gt} W] A7]= w$-
Q7 S s wjFee] o] (depth)ok wiF =A¢] W= (density)oll whe} @ -Fe] tf
2u} zlo)ét Axsrt FrkstH W Al7|= ©ds] S7HAIACE sk YR gk Al7l=

photoinhibitions Z 2|3 % gtk 7P 25 o] &5 &= W] A7]= 100~200 pE sec’ m™o]
t}. o] 3yt (full daylight)e] 219 A7) 2000 uE sec’ m?>2] °F 5-10%0l s F3tc} WL =}
AF 52 e 7P 2941 F A (blue) 2 A M (red) 2 EH O] FFold At H
571, Light/Dark (LD) cyclex U 16:8, H-g 14:10 =2 12:120|t} (36).

— =

s 3 Qe g vAZRF T pH HelE 79 Alololar 3 el 82-8.70]t}
71 ol pHE Zeh7bH, 53] ik sl = FAIXQl pH 9914 o]itsteaE H
7heto] Wojme] = Zlo]

2]

gl M EF= dE Mo geiAe FE2 UAdoe] o (tolerant), UlH-9] F<
e dmo A 7 F At 2024 g 119 A= F A o)tk (36).

i?T‘(mlxmg)c’ A o] A& WA A Zash BE A W gl wjA e 55s)
A =FH e sk o] o] Aot oA st 2% 5 A (thermal stratification)®]
A = HHX]Sa‘r airAbel o] 7haaghe] S 718 ¢ vk A E gl A = 371 CO2

T 0.03%2EE 279 A4S A 5 7] wited &F oiste A E BEE T
Byl 1%9] B]&) £vh CO2 &+ CO2/HCO39] 2 &9 pHel i3k ¢
o BE AR 3 £ Uide] dE AL ofyrz Fo)Ed "ot 9t} (36).

A= i FEA 52 Al

ZFE ol &3to] A4dAHA 85 52 biomassE At A o] dujtiol &7 9
AA B HA s AFA dAlol

o] strain°ll wel DXtk Aol wE vAzFY =2
4 3}7) (extreme condition)oll 3ol 753k wAxR{F= JIH
d W FEA] (open system)E o] & = Ut} whAC A eFib ol A 8] A &H = mAEF 2
< AbEe] Ahtole tiiE ddFY vAlERF H¥lY¥ (monoalgal culture) =2 F-f Hl
(axenic culture) ©] & -®tt Wb ol 7]ES REHAZIAL §&4Q) H o w LS
A= FAE wFGA] (closed system)o] L= ojoF FHT} (37).

> o2 i oZ



AEAR] FaEARIIA o pRR7IA = v 2R vkl e A2 widA AR B AR
= @ T e, 5 A B LA o] ok T o m v e A o] ALk 8EERE of
Yl e 2ER ] HE7HAE A 5= qlojof gt ol F A s1r] flefiA = Ld =] H)
Felol =2 a8 Fold (light utilization)o] FHrEofof dhr}, = o] Wik g3t
gkg-7le] AA = :leé HAH37F Holok @ddd = Utk (38). ol olf=®E JHF Ta%
scale-up B o] AAQl W B EA A (light and mass transfer)¥ Aoy} &3 £
(shear and mixing rates)oll #A|2l& 425 FQ7F Qth o592 QA= s DA A dd o]l

@)
glov] AAAzsge]l AT BES 2AT (37).

Liquid circulation time

Light Regime Hydrodynamic stress

Optimisation

Mass transfer

9 2-1. Fv¥7] (photobioreactor)®] scale-up 1A} (37).

A 2R g St Ak 2 NEE vl gAI 28 (open-culture system)¥} Ful 7]
(photo-bioreactors, PBRs) = w2 L% Ad = Sl #HE v g =4
(closed-culture system)ll 4] & 282 Au AL B FHH]Eo] Ao

A8 AR A

=l
o
£ 3o

Fe] glom sAE Azl vshe] o)
For-e #An A3 we oA}
Z 15 em (&2 150L/m’)

of WiztstaL, o+, & L £ e £Ho] =rbest, e Vﬂla = *ﬂ*& gt
Q

=)
X
N o
g
Lo,
L
{
2
X
o

PBRE Hl¥e miAlz7o AEsh4 B Aejshs SAd 5tA
Al 2~E] (flexible system)S.EA] open pondoll Al A& = gle PAZRS] T& vigE F
%

9l A% dt}, PBROIAE th7] 9} Hlk nA|z=f Alolo] 7pa @ 9 o

D
X
oty
1k
4
%2
rlr
:(o
re
rot
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EL 2 =y
AetH, o]t Ao EAS HAAA B 2 MAET UE S22 AEXEE, By w2
A2 A4 (volumetric productivity, g/L d)= 4%
9 WASAY £ B4 mAEe] AdS AL (39).
3 2-39] PBR# pondAitole] @7hA] vzl © AGAAE Hlu g}

Jfu
_O|L
H
0,
L
_O|L
£l
2
fos
)

F 24 VAT RG-S A A R A AlEe] dEual (39).

A comparison of open and closed large-scale culture systems for microalgae.

Culture systems Closed systems (PBRs) Open systems
for microalgae {Ponds)
Contamination control Easy Difficult
Contamination risk Reduced High
Sterility Achievable MNone
Process control Easy Difficult
Species control Easy Difficult
Mixing Uniform Very poor
Operation regime Batch or semi-continuous Batch or
semi-continuous
Space required A matter of productivity PBRs ~ Ponds
Areafvolume ratio High (20-200 m ") Low (5-10m ")
Population (algal cell) High Low
density
Investment High Low
Operation costs High Low
Capital/operating Ponds 3-10 times lower cost PBRs > Ponds
costs ponds
Light utilization High Poor
efficiency
Temperature control More uniform temperature Difficult
Productivity 3-5 times more productive Low
Water losses Depends upon cooling design PBRs ~ Ponds
Hydrodynamic stress Low-high Very low
on algae
Evaporation of growth Low High
medium
Gas transfer control High Low
COy losses Depends on pH. alkalinity, etc. PBRs ~ Ponds
0 inhibition Greater problem in PBRs PBRs > Ponds
Biomass concentration 3-5 times in PBRs PBRs = Ponds
Scale-up Difficult Difficule

PBRE ol¥l A% E-8tal 77k ol tiEFe] %9 raceway pondoll Al dold
A AAHE D FAf YudHet TAS F ASEZE 7YH A &ET PBRS 5984 #
ojof & W 7}x| ekAS 7}A 1 9lt). 58 2+ 74 (overheating), bio-fouling, AF4

%4, scale-up®] ©#l%, &9 1AM, - B wAZ=F{ A W, 1E] 3L shear stress®}



7] (photo-stage) A AH-&% = =2 Aslol] 9% cell damage F oIt (39).

Al
PBROlIA A4ks] = A4 A4E H &2 pond B Ul At o] soh ofW Aol d = mAlx
7 T (species)} &l webx FAEE wiHH YL whF v go] WS 4 9l HHHo| thE
7490 dojA = PBRoIA @A B} 2 Alxsk F Asbgdo] =2 T 2 o v§S
s A4 &= (39).
o o A A A
PBR A2 (continuous mode)®E AT = Gtk 3|20

< 3]&4] (batch mode) &2
Hbsho] A& 2 gl 7hX] o] it
- A& WhgT|= R R A AoJFAE THA L T

- =

18 (d11ut1on rate)% gt e A&
T

S ol sl Wee] ARRE, OF 5 AR TR A

o} ol¥ o= AEujF Alel feed-batch culturing X A4 Q1 FY
7F A Al ghe), mj A o] W F2h dA 2 A2 3] A (aggregation) &= 213} wash-out

37414 =2 49| steady-state 55 Wald F= Ut
Ao == ‘3# ] W= strain®] EHO2 Ao YA straing AAHE 7} 3

o, @%%91 A 25 (filamentous)oll A= A7} o] d A AR A3 A& FAsHs

Aol & = ‘Rli}. F712F o] 7o 2 QL Aol Sk b ofy 2} §kg-7]
o N4 2 AR By 98] Baolde] uF Ao XN T4 A2 s
A% 9t (39)

PBRE H A1 3 &4 modeo] whebAd 73 5= dvh. 2ol B2 A2 tE HARglo] 7H
e 31 QU Th =, serpentine®, manifold(%1%) 3, helical (UH)d 2 flat(¥)F o] 7= oL
ou v5o Fa FhHlarele] E3ET (40).

(1) #3(flat) =< #3 (tubular),

() 33 (horizontal) B/ (inclined), 4% (vertical) = W& (spiral),

(3) T7138 (manifold) =+ serpentine®

ol Zhelarglell A A Fadt Ades sk AP (diffused light) 3 WRAREG
(reflected light)S AF&-3}7] 9184 th2 2t (different angle)® W3S Br3=11 (oriented) 7]
ol A (tilted) © FAFH WHE7]oth (41). F 240 dIE A< PBRY| tig A 2 @S
LFER A

tjo



¥ 2-5. U340 PBRY ol 2 oA (39~41)

Reactors Prospect (Advantage) Limitation (Disadvantage)
Tubular reactor - Suitable outdoor culture - Fouling

- Relatively cheap - Some degree of wall growth

- Large illumination surface area - Ddissolved oxygen and CO2 along

- Fairly good biomass productivity the tube

- pH gradient
Vertical bubble columns - Substantially increased radial move- - Their cost,
and airlift cylinders ment of fluid that is necessary for - Small illumination surface area,
improved light-dark cycling - Their construction requires sophisti-

- Low surface/volume, but substantiall cated materials,
greater gas hold-ups than horizontal - Shear stress to algal cultures,

reactors - Since diameter and height cannot
- Much more chaotic gas-liquid flow  be much increased, a large number
- High mass transfer, of units are needed to build a

- Good mixing with low shear stress, commercial plant.
- Low energy consumption,

- High potential for scalability,

- Easy to sterilize,

- Readily tempered,

- Good for immobilization of algae.

- Consequently, cultures suffer less
from photoinhibition and photo-
oxidation,

- And experience a more adequate
light-dark cycle.

Vertical plate photo- - Even better than bubble columns - Difficulty in controlling culture
bioreactors mixed by in terms of productivity and ease temperature,
air bubbling of operation. - Some degree of wall growth,
- Flat-plates allow large illumination - Scale-up require many compartments
surface area, suitable for outdoor and support materials,
cultures, - Possibility of hydrodynamic stress
- Good for algae immobilization, to some algal strains

Relatively cheap,

Easy to clean up

Readily tempered

Vertical flat plates of 1000-2000 L
in volume can be successfully
operated for long periods, hence
having potential for scale up

(Packed flat panels - Potentially achieve very high overall
mixed by air bubbling) ground-areal productivities through
lamination of solar light.
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o7} #c} E‘riE% =2 32 (glass sheet), H <

- 2 AT B G A o] g ago] drkEr] faiA e B ® (light path)=
PBRS RHE3, A2 T2 typed] HZ 52 F7] W& (air bubbling)® =3ttt} F57]
(photo-stage) & Fell A& = A A 9] typeo] PBRe A AatA 1Adsl7] g 7V o &

S 4 UAY 2HE tuvbe T2 AALE H
i

WE, Be ALE, 2o Ty L Sety g Aok oha

_"_IEE___
Hl1g-o] A Oi St} (38). Al el MFH Zojol] =EFH = ZTAEHY FHEE AAS

1 A9 o]groltt (39).

= Figure 3 Open-pond of g

{Mass cultivation facilities of microalgae in the Miyakojima farm of Micro Algag
Corpaoration}. In the open pond, water containing algal cells and nulrients circulate
around a racetrack. A study to develop a low cost cultivation method is conducted
using the facilities.

g 2-2. 7iHE s FAlAE opon pond] EHFE. Racewayd o] diF-i-<.
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-4, AelA

2

o

- 44 -



719 2-5. column E= bag FEIE Hol= 927k PBR

_45_



MAZEFE Holder ¢ 74t TE5 71w o= il we] Hasa 9]
of FAEeel st vAEFTIE FAAA 2] Hsto] o FA ahEl oA T sk ok A gl
3|29 FP3|NA BAE= E UE A IS S FANSY] ' whEo] Bt
suA 2FAE] HolAER Wol o8& nAlEF= Tetraselmis7h @ SbA AL, 21
E 26 TEAETTAE] HolWZE vAZTF A
CH s = Ho|d = oM =R H[ 3 R

Rotifer (Brchionus plicatilis)

Chlorella ellipsoidea UTEX247 (5f5=4H)
Chlorella stigmatophora UTEX993 (sl =4
Chlorella variegata UTEX 255

Chlorella pyrenoidosa UTEX 26

Chlorella protothecoides UEX25

Chlorella vulgaris UTEX259

3|X| v2n2_91 (1989)

2149 2tR Benthic Copepod

(Tigriopus japonicus)

Amphora sp. (NFUP-29)

Chlorella ellipsodea (NFUP-27)
Nannochloris oculata (NFUP-22)
Navicula incerta (NFUP-1)
Phaeodactylum tricornutum (NFUP 2)
Tetraselmis suecica (NFUP-27)
wen, fXan

$|X| vén3_147 (1993)

Rotifer (Brachionus plicatilis)

Nannchloropsis oculata 1.0~2.0x10° cells/ml

$|X| v8nl_59 (1995)

8t At Rotifer (Brachionus

plicatilis)

Chlorella ellipsoidea (KMMCC-C-C-21) 12.0x10° cells/ 2day W2t
Nannochloris oculata (KMMCC-C-C-31) 25.0x10° cells/ 2day 44}
Tetraselmis suecica (KMMCC-C-P-4) 0.6x10° cells/ 2day  53I8

Pavilova liutheri (KMMCC-C-H-4)

4.0x10° cells/ 2day

5% 22U 80, N 2 S

3|X| v9n4_329 (1996)

k=3 4t rotifer (Brachionus

plicatilis)

Chlorella sp. (KMMCC-C-27)
Saccharomyces cerevisiae

3|X| v9n4_339 (1996)

st At rotifer (Brachionus

plicatilis)

Nannochloropsis oculata (KMMCC-C-31) 2 5x10° cells/ day

|| von3_195 (1996)
3|X| von3_187 (1996)
3|X| vIn4_345 (1996)
3|X| von4_321 (1996)

Marine rotifer (Brachionus

plicatilis)

Chlorella ellipsoida (KMMCC-C-20)

|| vOn4_453 (1996)

dREsd 83

calciflorus)

(Brachionus St

A chlorella 5x10° cell/ml

8|X| v10n4_449 (1997)

Rotifer (Brachionus

Tetraselmis suecica

rotundiformis Koshiki strain)

AH ZL} (Apocyclops)

8|X| v1ln4_449 (1998)

B3 2E|1 (Brachionus

rotundiformis)

Nannochlropsis oculata

3|%| v11nl 91 (1998)

copepoda (Tigriopus japonicus)

Nannochlropsis oculata

|| vilnl 113 (1998)

CEsY,

calyciflorus Pallas)

Rotifer (Brachionus

St 5= Chlorella, Baker's yeast

1.92x10° cell/1.000 rotifer
3 times /day

$|X| v13n2_147 (2000)

7|44t cyclopoid copepod

Tertraselmis suecica

kA v16n2p4 (2004)

7|44k cyclopoid 2 2t2
(Apocyclops royi)

Isochrysis galbana HAx=Z2F 7.3pg /d
Tetraselmis suecica

Phaeodactyrum tricornutum

Sk M B2 chlorella

Wao

$|X| vi8nl_52 (2005)

& RZVR (Tigriopus
Japonicus)

Isochrysis galbana
Prymnesium parvum (H%x,5°d)
Prymnesium patelliferum (B =, £4)

$|X| v18n2_86 (2005)

cyclopoid 2Zt5F (Paracyclopina

nana)

Tetraselmis suecica 1x10* cells/d

3|%| v18nl_19 (2005)

* 3| X]: sk Al K|,

OFAl-

= e BER

S OFAI

o=
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Rizosolenia alata

3 27 7 HolAER AT AR -1 (Tha20l A%
CH sl = Ho| 4 Z DM =R H| 1 EX*
== Coscinodiscus spp. HO|Z=AF  3]|X| v8n2_99 (1995)
Coscinodiscus marginatus
Rhizosolenia setigera
Thaalassiosira spp.
Thaalassiothrix frsuenfeldii
H|St7}2|H| (Chlamys farreri) Isochrisis galbana 1,500*10" cells/ml 3| X| v8n4_307 (1995)
Chaetoceros calcitrans
%2 (Crassostrea gigas) M Navicula incerta (NFUP-1, UTEX 2046) 1.0x10* cells/ml/d 3| X| v8n4_355 (1995)
Phaeodactylum tricornutum (NFUP 2, (DAF g AH)
SERI-S/Paeo-1) 2.0x1010 cells/ml/d
Chaetceros simplex (NFUP 8, Japan) (Zd7] g4
Skeletonema costatum (NFUP 47)
Thalassiosira pseudonana (NFUP 89,
Sea Salter Co.,)
Nitzschia closterium (NFUP 12)
Thalassiosira weissflogii (NFUP 65)
Isochrisis aff. Galbana' (NFUP14)
HtX| 2t (Ruditapes philippinarum Eucampia zodiacus HO|Z=AL  2]X| vOn3_223 (1996)
Skeletonema costatum
Leptocylindrus danicus
HtSI = (Crassostrea nippona)  Isochrysis galbana 5,000~20,000 cells/ml 3|X| v10On2 97 (1997)
':I'il 2| Z7H (Panope japonica) chaetoceros calcitrans 10* cell/ml 3|X| v10n1_25 (1997)
o
iﬂsléﬂ:;k"o” €Japonica) - haetoceros calcitrans 5x10* cell/ml $|X| v10n1_25 (1997)
N2 =7 (Panople japonica) Nitzschia longissima HO|Z=AF  3]X| viOn2 (1997)

= (C gigas) 2Ojf

Tetraselmis suecica (KMCC C-8)
Isochrysis aff. galbana (KMCC H-1)

25x10° cells/ml
50x10° cells/ml

"= (C gigas) o4

Isochrysis aff. galbana (KMCC H-1)

5x10* cells/ml

$|X| vi1n2_183 (1998)

INZERI| (M. chinensis) BRI}

Tetraselmis suecica (KMCC C-8)

AT =R

50x10* cells/ml
30x10* cells/ml

INZFZEIN (M. chinensis) S8

Isochrysis aff. galbana (KMCC H-1)

50x10" cells/ml

|| v11n2_183 (1998)

Yol Y= Blol A8t AE5F

Tetraselmis tetrathele
Tetraselmis suecica
Tetraselmis subcordiformis
Tetraselmis sp. (Haeundae)
Tetraselmis sp. (China)

3|X| viln2_231 (1998)

7| Z=7W (Atrina pectinata
Japonica)

Skeletoma costatum
Chaetoceros debilis
Chaetoceros decipiens

3|X| v1i1ln2_193 (1998)

FIFEHK| (Mytilus edulis), B&
(Mytilus coruscus), & (Crasso-
trea gigas), NFE X7 (Pinctata
fucata martensii)Q| 4|

Chlorella ellipsoidea (KMCC-C-20)
Paeodactylum tricornutum (KMCC-B-

128)

5x10* cells/ml/D

TFEX| (Mytilus edulis), 2E
(Mytilus coruscus), & (Crasso-
trea gigas), TNFE=x7| (Pinctata

fucata martensii)Q| DE/SM /5

x|

Pavolova lutheri (KMCC-H-4)

Ispochrysis galbana (KMCC-H-3)

2/5/10 x10* cells/ml/D

$|X| vi3n2_119 (2000)

M E (halotis discus hannai)

x|

BAiHE X F (Benthic diatom)

Calonesis schrderi (KMCC B-39)

Hantzchia marina (KMCC B-37)
Navicula incerta (KMCC B-11)

Nitzschia closterium (KMCC B-9)

Nitzschia sp. (KMCC B-11)

Paeodactylum triconutum (KMCC B-13)

Rhaphoneis sp. (KMCC B-41)

$|X| v13n2_163 (2000)

sl 7t2|H| (Amusium japonicum
Japonicum) 2.Ij

Isochrysis galbana
Pavlova lutheri

5x10* cells/mix23|/
5x10* cells/mix23|/4

sl{7t2|H| (Amusium japonicum
japonicum) M

Hj et DM =&

1~6x10* cells/mix23|/Y

sl 7t2|H| (Amusium japonicum

3|x| v11n3_371 (1998)

japonicurn) X| I 33 15~20x10" cells/ml SX|
* 2% SR A LR, YA BT YA
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Chlorella®}  Nannochlopsis &

Phaeodactylum”} Zw ‘f%ol

Agt

o 7}

BTk Rl A

=3l Pavlova, Nitzschia, Tetraselmis, Navicular ‘&
A

Chaetoceros,

€}

Isochrysis

LR ESE

o = <] 3t = o -
AgulES A7) Aol e ohUr). AR W, maEd 5 84F Agud B
P AR AHgas A 2
= 2~k O 2~ 0
AAE Hote B2 VAT oA Holder Wol o]&He £2 3 7Hx <tdd.
Tetraselmis, Chlorella, Nannochlopsis, Chaetoceros, Isochrysis  Phaeodactylum, o] 2]ol  Pavlova,
Nitzschia, Tetraselmis, Navicular, Amphora, Skelitonema 5 ©| ol %t}
<5 = = = =] A
I 28 HF WO AEE WAZRF AE 2 (L1REH A
et S = Ho| 8= O|M= Hl1 =N
QYA = Isochrysis galbana 1.0x10° cell/ml/D olZ=ER kAl v12n1P100 (2000)
Chaetoceros calcitrans
Phaeodactylum triconutum
TIF SEMAM Isochrysis galbana =8 3| X| v13n2_107 (2000)
Pavlova lutheri
Thalassiosira pseudonana
Phaeodactylum tricornutum
Chaetoceros sp.
Tetraselmis spp.
Nitzschia closterium &=t
Chlorella salina S=4t
Tetraselmis subcordiformis =4t
Isochrysis qa/bana =24
KHE (halotis discus hannai) 5% ZEH (Benthic diatom) 3| X| vi3n2_153 (2000)
x| oj Caloneis schroderi (KMCC B-39)
Navicula incerta (KMCC B-3)
Nitzschia closterium (KMCC B-9)
Rhaphonensis sp. (KMCC B-41)
Hantzschia marina (KMCC B-37)
Navicula sp. (KMCC B-38)
Nitzschia sp (KMCC B-11)
Paeodactylum tricornutum (KMCC B-13)
i - ; -
7|15 MH (Corbicula japonica) Chaetoceros calcitrans 1x10"* cells/ml Q1Z3ER  3|X| vli5n1_23 (2002)

DAt

| MHE (Corbicula japonica)
ZH7)| |4

Chaetoceros calcitrans

5x10* cells/ml

WSt (Meretrix lusoria) X2 QM Isochrysis galbana 4~6x10* cells/ml A Al v14n2p66 (2002)
Yt (Meretrix lusoria) ¥4 X|Tj| Isochrysis galbana 6~30x10" cells/ml &Al v14n2p66 (2002)

Monochrysis sp.

W

j

(Spisula sachalinensis)

L".HII

Isochrysis galbana

Pavlova lutheri

Caetoceros calcitrans
Nannchloropsis oculata - H A}

$|X] vi5n2_111 (2002)

H|Ck7}2|H| (Chlamys farreri)
4

Isochrysis galbana
Pavlova lutheri
Caetoceros calcitrans
Nannochrysis oculata

2kl v14n2p52 (2002)

Purple Washington Clam
(Saxidonus purpuratus)

Isochrysis galbana

4.6x10* ~2.6x10°
cells/ml

$|X| vi5n4_253 (2002)

Y|t (Spisula sachaliensis)

Isochrysis galbana
Pavilova lutheri
Chaetoceros calcitrans

1:1:1 ¢

$|X| viénd_229 (2003)

ooy (H]TH7t2|H], HEX] 2

Mesodinium rubrum (Eetd MB®)

$|%] vi7n2 115 (2004)

=3 (Mytilus coruscus)

Tetraselmis sp.
Isochrysis galbana

$|X| vi7n2_103 (2004)

A ZIN (Protothaca jedoensis)

Isochrysis galbana
Pavlova lutheri
Chaetoceros calcitrans

$|X| v18n4_260 (2005)

* B|X|: st AlBE R K],

oAl Bh Al
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£ 2:9. 78} A= HolAER MAEF AHS

CHesi Sl = Hold¥= DM=F

H| 2

XN

L3} (Penaeus chinensis) -zoea, Chaetceros simplex (NFUP D-16)
Skeletonema costatum (NFUP D-24)
Thalassiosira weissflogii (NFUP D-20)

33 1:1:1 H|2 £9

3|X| v6n3_159 (1993)

L3} (Penaeus chinensis) -zoea Amphora normanii (NFUP D-16)
Chaetoceros simplex (NFUP D-16)
Nitzschia closterium (NFUP D-9)

Phaeodactylum tricornutum (NFUP D-14)

Skeletonema costatum (NFUP D-24)
Thalassiosira weissflogii (NFUP D-20)

3| X| v6n3_159 (1993)

20{ (Plecoglossus altivelis) rotifer, Artemia nauplius - Chlorella
ellipsoidea (NFUP-27)

C. ellipsoidea - green effect

Spirulina platersis dry powder -green
effect

Rhodopseudomonas capsulata -green
effect

5+10°cells/ml
5*105cells/ml

5+10°cells/ml

3| X| v7n3_135 (1994)

5ZUS A (Strongylo-

centrotus intermedius)

Isochrysis galbana
Chaetoceros calcitrans
Pavlova lutheri

100~500*10"cells/ml

3|X| v8n4_317 (1995)

FH}2| (Epinephelus akaara) Rotifer (Tetraselmis tetrahele
xtof (KMCC, P-4))
Rotifer (Chlorella (KMCC, C-31))
Rotifer (Nannochloropsis oculata
(KMCC, C-31))

3| X| v11n4_565 (1998)

St 4k J 8 (Urechis unicinctus) Chaetoceros calcitrans

5x10* cells/ml/D

3| X| v12n3_193 (1999)

S| & (Stichopus japonicus) %8 Chaetoceros calcitrans
Pavlova lutheri
Isochrysis galbana

0.5~3x10" cells/ml/d

3|X| vi2n1_39 (1999)

Sea Urchin (Strongylocentrotus Cochlodinium polykrikoides
intermedius)

3| X| v15n2_79 (2002)

* 2R SHRYAIBIBIR], Al SHR A
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A
0

A1d Adxs 2 Wy
1. AN+ +4

SR RES L)

(KMCC, www.kmcc.re.kr),
NationalCenter for Culture for Marine Phytoplankton (CCMP, www.bigelow.org)
R ARG GG A4 (NIES, www.nies.gojp)oll Al F+d38te] AFE3sFAth. A &= 9

S oA P BFS W

7] 9] s}

vl = The

Provasoli-Guillard

H, dEFA AT LolA EF S A7 AlEm G JeE EAdoh (E3-1 FR).

E 31 Bgwe APET
Strain FAFEH Culture  Condition Remarks
Tetraselmis suecica £/2, 20C, 2700 lux, Size(ym)
KMCC P004 Tss-004 LD=1014  TW(S0D 6.3+1.6(4~10),
(CCAP 66/22A) ' o (60D) 5.6+0.6(5~7)
Nannochloropsis sp. Nba.002 f/2, 20C, 2700  lux, Size ()
KMCC EUS002 Pq LD=10:14, 1W@40D) | 2.740.6 (1~4)
Nannochloropsis oculata ESM(agar), 20C, 10-20 .
Npo-2145 axenic
NIES-2145 umol photons/m?2/sec
Nannochloropsis sp. Nopau531 t/2-Si, f/2 agar, 22-2 i
CCMP 531 P 6 e
Tetraselmis suecica L1, £/26, f/2 agar
CCMP 904 Tss-904 1116 C axenic
(CCAP 66/22D) )
Tetraselmis sp. L1, f/2-5i, f/2 agar,
Tsq-908 i
CCMP 908 > 2226 axeme

2. A Al

7}, A

f/2 WA (3 3-28F)E 7o R sho] Zh2X~5X 8|Aek f/4~f/10 WX & AMESISom,
te dHers /29 20 FFHuAIRL A E VR0 2f~5f0] wiA S ARSIt dh,
o] webA = £/2 ¥iA|E modificationdt f/2m| A& 7] O & Stal o] & 3|AlstAY 5
gk £/4m~f/10m" #|, 3fm¥l A &5 AF&stQlth 71 Byell NIES7) 3§ E 5=
7} ESM B A& ALgEg ot a3 FA &al eV AARY AFEEHA
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7l shaking incubator®l] A]+= 25T 4] 3,000 lux ©]/d<]
o] A} FAlate] 10~15Y Wikl on, wjo] wekaE Frte] o] =

3 3-2. f/2 WiA] (Guillard and Ryther 1962 (42), Guillard 1975 (43))

Molar Concentration
Component Stock Solution Quantity o )
in Final Medium

NaNO; 75 g/L dHO 1 mL 8.82 x 10°M
NaH,PO,H,O 5 g/L dHO 1 mL 3.62 x 10°M
NazSi039H,O 30 g/L dHO 1 mL 1.06 x 10*M
Trace metal solution (see recipe below) 1 mL ---
Vitamin solution (see recipe below) 0.5 mL ---
Filtered natural seawater | --- tolL ---
* £/2 Trace Metal Solution*

Primary Stock . Molar Concentration
Component ) Quantity o )

Solution in Final Medium
FeCl36H,0 315 g 1.17 x 10°M
Na;EDTA2H,0 436 g 1.17 x 10°M
CuSO4 5H20 9.8 g/L dH.O 1 mL 3.93 x 10°M
Na:MoO42H,O 6.3 g/L dH.O 1 mL 2.60 x 10°M
ZnSO4 7H,O 220 g/L dH.O 1 mL 7.65 x 10°M
CoCL6H,O 10.0 g/L dH.O 1 mL 420 x 10°M
MnCl4H,O 180.0 g/L dH.O 1 mL 9.10 x 10'M
Distilled Water --- tol L --—-

* Guillard andRyther 1962¢] <Zjulj=|o|A] Al&3}= ferricsequestrenes Na2EDTA 2H20 4

Na2EDTA 2H20= toj &+

* /2 Vitamin Solution

Primary Stock ) Molar Concentration
Component ) Quantity L )
Solution in Final Medium
Thiamine HCl (Vit. By) - 200 mg 2.96 x 10'M
Biotin (Vit. H) 1.0 g/L dHO 1 mL 2.05 x 10°M
Cyanocobalamine (Vit. Biy) 1.0 g/L dHO 1 mL 3.69 x 10™M
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Shaking incubator®] A &] ]S F=2 vzt s &S
Aol wgke AWAAe] HEG pAZ #e) HES Iehe]
2 3] 99 AHEEA

Flask 3 Al@ytoll o] vk nid M} de] ooz wjgd = e 3ol o
ok v (Vinyl bag)ell 4] 2] v <

H ] o Ao A PEXEE PP filmS 7+8ke] A2 ar, vk d2dGA0A 2%
20~25Coll Al compresser = air pump®Z F F7]E air flow meter ¥ FHZEWHE S
oj-goto] HAFAoR ’6‘%3} A vl FeF AT

2 = 9lAo] ot AE W A b Fa Ao R )

7| A o= AU Ao ok o] fAMAIE ARSI 7N agar= 1.8%E 3783
ol wol] wElA = HFIAZ SzS agardl Al (3 3-3 FR)E AMES7| = U

vl eF
Hj ek 33 o] A=E incubatord] A= 25Tl Al 10~15< v ksl gl om, wo] wela = 3
7he] SiHlo] Zi= GEF IS o] g3le] A2(15~25T)0l 1 WSt ALY 2EE 52 ]88}

3 3-3. Sz5 HiA

Component Quantity

Glucose 10 g
Yeast extract 5¢g
Agar 18 g
Filtered sea water 1L

. A vpol w2 SA
7}. OD (Optical Density)

A 33] 8]A13}o] Spectrophotometers ©]-83t%] 660 nm, 680nm, 700 nmol A FFEE
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v

g8kttt
. CV (Cell Volume)

Cell volume A% 1 mlE FAIE €3 9+ eppendorf tubedl F 3}l ©]& 10,000 rpm
oA 5 A EE g Fo] A NS A AL FAE 8] eppendorf tube2] F-AIE Wl

o
U %(w/v) =2 UetAt AE38HA ofoF7]stH Wet Cell Weightehal & 4= it}
th Az A (DCW, Dry Cell Weight)

A& 20mlE F 3t 0.45um pore size®] filter 2 X FHIZE 01%5}"4 o] }stal 1 o 9K

2 105Cell4 3h zAxatal diAlZlelHol A e, e A9 ofaxe] FAS A
Foll oA o] el FAE W S AxdAFoR e t}

Lok ODoF AxA A ARaAdE F38te] ODE AExTAFL=E tste W= A}
ST (291 Fx).
No. O tX| FA| oAt | AX|[+H 2 BA AZX K| 2 Absorbance
(9@ A (ml) (9) B (g/L) 630 nm
1 0.1066 15 0.1681 0.0615 4.1000 14.600
2 0.1066 20 0.1518 0.0452 2.2600 7.300
3 0.1070 20 0.1328 0.0258 1.2900 3.480
4 0.1073 20 0.1236 0.0163 0.8150 1.780
5 0.1075 20 0.1187 0.0112 0.5600 0.900
6 0.1080 20 0.1182 0.0102 0.5100 0.450
7 0.1080 20 0.1165 0.0085 0.4250 0.225
8 0.1082 45 0.1150 0.0068
450
4.00 y = 0.2563x + 0.3709
350 = 0.9997

0.0 5.0 10.0 15.0
A 680nm

a9 31 AxdATEFN 8= (Optical density) Akolo] udAAES F817] 1% dlolH
S22 ABAA (Nannochloropsis oculata NIES-2145(Npo-2145))
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s (@4l =T el A Bhet B sk Q] MolEAl)]l EMSeE Ao A (UV)H

=AWl F7]A 2 EMS (Ethyl Methane sulfonate)E ©]-83Fo] WA ZF/NFS Al =3}
th 24 30mls 94 e §, B wiAE o] &8kl AE 29 AlFH ST el o
A= A 40mloll 84 2, EMS €9 10ml (5=E W/ V)2 7+5)3} 410] 25T ol 4 147
gujoke dhuh Fol EMSE wix 2 AlHste] Al ASHaL, 4Tl M overnightd ¥, 1%

agar media®l F & 3hch.

N3

EAHOE doF] ZAE Ao FUoZHE 20em AYE Fil, ZAMAZFS 07 80 min,

ot A4k methyl esters)

oft

A2t e] estershi= BF3 &5 AHE-shs WS wsith 5, ATt Sholl A FE3 A
25mgell 0.5N¢] # &g FASIHEF S (NaOH Methanol) 1.5mE ¥ 3L 100 C ol A
Eob 71T} A2(30~40C) % WZHEE o] 14% BF3 Methaonl 2mlE 91 A4
*}oq 100Coll A 2% <k 7FE 3t 30~40CE 413 F 1ml2] hexaned ¥il N2 gas®
¥ 30% vortexingdtil ¥3FAYLA A smls il 3EAE WA Aol TEHES

T, Aol 2B 27F o}k 9l hexane S5 ¥robll7] =5 xapAe A dFE AT A

=

o o
o A



Tt 9% 9] hexane3 S pasteur pipetteS = Holulo] Al &7]d Wi, FF3AUEFS
A7tste] 3 AAS L (FTFEAUEF - Hexanes = 15 @ 1) N2 Gas®Z 33 F
vortexingsto] GCitA-& A= gt}

A
ax

M

2}. Gas chromatographyol ©]gh =34k

Fatty acid®] 4] Agilent 7890A GC SystemS Alg3t: AHL J&We] DB-WAX,
detecter= FIDE AF&-FT} Carrier gas®+v 45 77cm/sec®] X2 F9 3+, oven?]
ST 40°Coll A Al #FsEe] 0.5% Foll w1 3° A 230°C 7HA] A A3] A5 AIFATE detector
2 injectori= 250°C& %] it} Supelco®] 37 FAME 354 oFS AME3te] e d52 of
g 19 3-2¢F

Sample Name- 3TD

Acg. Operator < 3=g. Line = 1
Acg. Instrument : Instrument 1 Location - Wial 1
Injection Date : Z005-0%-05 _'?_# 2:35:12 Inj = 1
Inj Volume - 1 pl

Acg. Hethod : C:\CHEM2Z2\1\METEODS\0S040% 27 STD W 60.M
Last changed : ZODS-04-0% 2.F 2-21:328
Analysi= Method : C:\CHEM22\1\METHODS\27C0ME BAN M
La=t changed - PODO-04-11 2% 4-47-18

{modified after loading]
Eethod Info : DB—WAX column 2008, I, 16 test 60m O.3Zmm O.EZ5

Sample-related custom fields:

FIDT A, Fram Sgnal (030409 37 5T0 N S0a0e0e000001 )
e
50 o .E-
3 5 g
2 o
o] b=l E o 3‘.’.‘:!? g a
a2 = x fdn 5" o ﬂ
o] cRwpmMoz] f I88 5 3% y 3
g g Hag: 30 028 38 B8 >
- s @ || ag3 78 2dE gy i ® d
20 - T hiﬁ ﬂ 9 = -
i A A 0
101
-]
10 2 kY P 0 8 md
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4 Agus % A%

FA G wol4E AYM AT A

714 Bawre el Ao

KMCCel A 1238 o8 GRS Tetraselmis suecica KMCCP004 (JAFlA = oFol =2
Tss-004= ™8 7) 2} Nannochloropsis sp. KMCC EUS 002 (At A& 2Fo] = Npq-002= ™8 )
& g 2 dFHREY HX S E 578 agar, f/2m 2 f/2m+ Yeast 0.2%, Glucose 0.1%
Hj 2] ol 4] 28~30C incubator =+ shaking incubatoro] 4] $ujFo 2 A B 1A u] & Al
Lol g, A(25~307C)] A7bell Buieks 2xhE Alst ot mieF 25 Foll = A
shA] okt (3 3-5711) f/2 ¥A] BjAlel f/2m A S AREEE ol = vE MAlERF AY

AN Abgshe w&ol=go 9 HERIR NS o] AREshy] Sl WA g £/26] A &
f/2mul = 8] zpol= 4ot it

¥ 3-4. £/2 ¥R 9} f/2m HiA| o] A o] A}o)

Component unit f/2 f/2m
NaNQ; g/l 0.075 0.075
NaH,PO4 -1aq g/l 0.005 0.005
Na,SiOs-9aq g/l 0.03 0.03
Ams™? ml/I 0.1
f/2 Trace metal sol'n" ml/I 1

Vt sol'n” ml/| 0.5
f/2 Vt sol'n™ ml/I 0.5

Seawater

*1 Am5: H3BOs3 2.9 g/I, MnCl2 1.8 g/I, ZnSO4 2.2 g/I, CuSOa4 0.08 g/I, Na2MoO4 04 g/I
Co(NOs3)2 6aq 0.05 g/l

*2 f/2 Trace metal solution: FeCl3-6aq 3.15 g/l, Na2EDTA-2aq 4.36 g/I, CuSOas-5aq 9.8 mg/l,
NazMoO4 6.3 mg/l, ZnSO4-7aq 22.0 mg/l, CoCl2-6aq 10.0 mg/l, MnCl2-4aq 180.0 mg/!

*3 Vt Soution: Cyanocovalamine(Vt Bi2) 0.01 g/l, Biotin(Vt H) 0.01 g/I, Thiamine-HCI(Vt B1) 0.2 g/I
*4 f/2 Vt Solution: Cyanocobalamine 0.001 g/l, Biotin 0.001 g/I, Thiamine-HCI 0.2g/I

277F Qs e s e Sl Jds A 2 A i Faq]l F(Sulpur)
Mg g Mg el w40l 2S chelatingdhi= EDTASIHEO] H7he A ol A5
shA] ekks 7HeAdol tinlske] F/2m Hi Aol MgS04(0.03%), EDTA(0.05%) 2 ammonium
ferric citrate (0.0012%)& H7Fsted f/2m2 viA| = s, mAxzF S £ 2 29

(o]

l':d
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glet7] YA £ (0.5%), Yeast extract (0.2%)E H7Heh WA= ZA|ste] & o @&
ez Wda] Aokl ATLst ohd AR FrlelA AAAANG @ plates] A

streaking method ©. 2 =2 2 Al &S A =g

F 35 14U wiFA Y (M FR; 222 ~30T) A Ful ek

Strain Liquid medium Plate medium H| 2
fam | f2m2 |{2m2+G|f2m2+GY] f2m | f2m2 |f/2m2+G|f/2m2+GY
Npg-002| - + || w - 0 % B+ Swo) QERORHE
Tss-004 | - v | oy | o+ - i 1 wo |+ H o QB[R

K- RO w DIOIEPAE, + AR, v O, T OUBH M 1 (28)2 B2 pH, 1m WYYl 2

3 3-6. 119 wiFA (fFEd; A2(18 ~25T)0ll A Ful<d)

[Strain] Liquid medium Liquid medium®| ¥ 9| pH9.02 Plate medium
i o &I f/2m?2 f2m2+G /2m2+G+Y] {/2m2 f2m2+G 2m2+G+Y] f/2m2 f2m2+G  f/2m2+G+Y
[Npq-002]
1o - - - - - - -
3d - - - - - - -
4 - - - - - - -
5¢ w - w - -
74 + - + -
92l + - + + + -
[Tss-004]
1 - - - - - - -
3¢ - - w w -
49 - - w w -
5¢ w - + w + -
7¢ + - + + + -
92l + - ++ + + - w
M- RO, wi D[SIAINE, +: dF, ++: HO|EH, 1T : G978
3£ 35 % 3E 3-60048F o] AAufA ol A o] AL Tss-0049F Npg-002 B f/2m2 Hl
AN A AFeg ot 2
Z

L2 mAERIE Aol edHo] des & AU 5ol
o RE ASskal mAl 27 ASEHA gk ont 1 wiA| ol yeast

A7F Al mAl o] o] 3]EE Aol

BHE == Tss-0047F Npg-0028.tF tha Wk, =13} yeast extract 3 7FE #fj #] o] A5

< & F AAT (F 36 Fx).

JA )R] A 2] S MA| M FH T g = o, 257k BAV|HE
AL PR A ko, Tss-0047F 9L o] v F Al wleFslun} AJ53)5
uhebA] plateol] 13k Tss-0049] colony isolation< e &= AE =
o] AS-= drleo] 7|3te] 4~8¥EX] EalE 4 gl
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19 3-3. Npq-002(2h) B Tss-004 (7)ol AMBARI[F/2m2 A= el A 11 <, wi&
100x10], #4422 Tss-004<] flagella.

An 7 B Tss-004+= Tetraselmiss WA 272 53 5733 flagella (L9 3-3
LEZE Hx)7t BEEHA ™ Npg-002= Nannochloropsissy 2] 542 size’t 42 -3 <]
A (L 33 9% Fx)7F vE HAvh
U Y 7 sy 32 o

=

= Aol oM FauiH] AFE Fo] welle WHEaL Aol BdEirE
ot MFAT Mg Ao BFd B FFs sl 25 o wFIT
1 A3} Tss-0047 colonyZHi-2] = 1 S Npq-002+= 2. 3+to] &4 43 IAZ colony
w7t g2 &gt (29 34 @ 29 35 FF). Tss-0042] colonyES w7 w2 Al ")
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O HolE Q9qto]l Hdste] (11 349 ¢

2 Q7o Fof
A7} ol elek ¥

31

Qo

=

T

Aol o Tss-0049] flagella

sk Npqg-0029] 2.t @bt o=

= o9+ o
< ghost cell= A} —]’%L

B A (27 34

gl A W) 2 ZA
_g

I 3-4. f/4m+Y (yeast extract 0.02%) WIA| ol 4] €] Tss-0040] HFu]FE 5 ()
FRYZSFH Ao dnid AR (%)

¥
i
r (

o @A) (4

19 3-5. f/2m2+Y (yeastextract 0.2%) ¥iA|el| 4 €] Npq-0029] 3 ufjef 253
o =

Npq-0027F S @43 A8 A3

Z 2 ol &

LT T
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HA @d FA=ES AR AAGS 53 A3 WASFTE S35t PSS9
al ff;“ﬁ%ﬂ% Z3rek FyjFA P oz FAEZ H colony isolation WS Wast= A

f/2m2 +Glucose 1%, Yeast extract 0.2% iAo FBEHES 2 TF(E 3-7 FHR)oE A
sto] H@duj A& RFE3L Tss-004 3 Npq—OOZ—* Hlj &3} o
Tss-004 A3 T A = plate’d o2& 2+ ] slov dAnd #

o] BT o] &AL FAo % flagella =& Tetraselmis7} w259 F
A=A dAEA = 2dto] ofd 7FeAdel ¥ w2 3oR BT (T1§3-6).
Npg-002 AgFd = S92 4J7F3tal, Nannochloropsist= 7d733H4] &
Rz o] A3l Nannochloropsis sp. EUS004= 53] LAl ol Al A S-0]
= At

X 3-7. ol ol &

o

=L 25

A group B group

Ampicillin sodium salt 5.9 mg/¢ Penicillin G sodium salt 5.3 mg/{
Tetracycline hydrochloride 9 mg/t  [Streptomycin sulfate 5.6 mg/{
Gentamycin sulfate salt 11 mg/t Kanamycin A monosulfate 5.0 mg/t

9 3-6. f/2m2+GY WA GAA] ATDE (95 YE) 2 BILE (LEEY) H7IEE v Aol A
of A&t 2 dAv A #FAF (20C, 74, Gl
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a
o

hLN

S|

A7t 2l

2~
ZS

dto] B A=

S

ol 1Al 252

)]

[e] Xe)
O]:_i

Ll

b

)

R8s

SRR P PR

[e]

‘.r:r

Zhaf ol A R

=

=]

2 A

S AANTN ALY =E = A
P oA 2F 10 HEE e 84

°
BE3

}az, W& rpm(1,200~2,500)°1 4 1

S

oF
o)
5

=

A

o7 wAY
2 ool %
Npg-002+=

Az
o]t}

)

N

i)

o

}o]
tich 2
2

°©

°©

o},

&

&

10-*~10°3] 4]
[e]

Tss-00401 4] A8

)
3

U
R4

SHA] k). Tss-004

2

S

f/2m2 +yeast extract
s

_'

z
A

=
=
-

7hakal A2(21~25T)ol A A

-

22}

3|

%
=4

Hlot 2700l M=

Ak
=

atef o]

27} 10044 900 9] £/2m2 WA 5] 34 lo] Araka Ao A )

A3} 1074 Npq-002

S

1

[
=

o]
Q.
] %

°l
b

=

=

I<]

=

o]

[e)

"I_‘l"

3

=

rpm(10,000 rpm)°.=
o]

}o] NaCl 1~4%

= X
.

<]

o

T

=

hematocytometer

250,000~600,00071 / m¢. 74 &= ©] A}, Eppendorf tube

170

[e)
27 A= S

oM f/2m2 58l S|4 ujA| o)A ]

7[R0 g

=
K3

=
=

97N 47l 5ol dojrtar, 571

-

T

=

hEs

Sk Npg-002 47 A%

t}. SHH, Tss-004=

)

kel
A

f/2m2+yeast extract 0.2%

A5

&

o A= 10”0 A 871F 7/17F A5

@ ol where] 7

A}

M
Ho

NaCl 2 A

7} 29

3|

pZS
™

o] ¥%laL, 4%
Tss-00401 4] ®Hoj#]

1
s

[e]

q‘

3

= X
.

7¥7HA

3|

pZS
™

Rl

g
-

4.3%~8.3%0°]T}.
Tss-004

o]

o
N

flagellaz® A

=
5
o
R
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NaCl 1% NaCl 2% NaCl 3% NaCl 4% NaCl 5%

1% 3-7. NaCl #7F FEoupE Tss-0042] A5 (29U vl <)

Npq-002% 8% vl § o 4= Tss-0049 w72 NaCl 1~3% H7F-ell A v A5
Fgot Foll 4% H7blM= A5 28y A 53 1~83% 29 Npq-002= vl
Azte] Aaata A maje] galEof 299 o] whakel A= o] Aol AlgbATh (1™ 3-8
ZHE). NaCl 4% v S S A3to] 2 2Eh= f/2m2 + yeast extract 0.2% B Al o] 2] gt
T e A3 Gt o] e el 4

19 3-8. NaCl 7} &XkollmE Npq-0022] A5 (29wl )

A O ZA £/2m2 + yeast extract 0.2% WA & 7] £ S = 3} NaCl 4%~5% H7}et= 4
Fs AT AolA 249 wjeFetar v dAnF o R e A 3] A
oFZF T2 A¥E AY (F 3-8 FF). &, Tss-004= NaCl 5% 7oA zgkor,
Npq: ‘%}ﬂ]i NaCl 4% Z7Foll A AFebA] ka1, 2 A+e] NaCl 4~5% H 7oA A5
g} o= 2.d3to] NaClol tiste] WdAdel o 7&6}41 & Ut

o] A9 AN=E = wl Tss-004% °F 7.3%~8.3%°] NaCl &0l A% Aol 7HsFhs LR

a1, Npg-002% 5.3~6.3%2] NaCl sX=olA A&o] M3k 2oz Wl
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¥ 3-8. NaCl H7bskol mE vMxF A% 93 249 v

Strain SHLE NaCl 0% NaCl 4% NaCl 5%
Tss-004 AHH =T = ++ + +
0| ZatE Tss/QHM  Tss/QT Tss/QeH
Npg-002 AN H{ AL T = ++ - -
on|gata Npg/2 &t A AT
FEMERM WSOE BAL ++ AT, + A, - 4SES

+
Npg-002= NaCl 4, 5% & 7tA| @70t M8

glaleh, 1ejan Aol gl
=

71 (D)~@4)e] WHe =9e ARgE Bekou W Ase
S 7H8sko] detergent A

phytoncide 7}, ZAFWo] F=2alo] FAHet= Q
ANgod 4esta 23
o Ake] Folxivhd wAMGM We] HINL F ol W Age] A
<
T

FAEA H7F 2 IJAES Hastd £ A9 E Oé%E
t}. Axenic 9] %4
(1) axenic 759 F¥H | XA H £

719} 2ol o] AES S5l xenic ¥ FEFH axenic ¥ TE WEE] A =8E&
govt 7 A= X FATE webA AAG] algae wETIIE AR H LA, ob&
=

axenic ¥ B¢ 7Hed A E T (F 39
=

NIESo| A $-2]7F ¥3}= axenic ¥

& o

=5
< 9l Nannochloropsis <2] axenic

B Al A7 ES AR Z = axenicet Aolal, T WA Z T Tetraraselmis suecica 1%, “1
9] Tetraselmis 4 1 1%, Nannochloropsis oculata 1% 2 1 | Nannochloropsis 4 1 1
TOE ot A MARE w2 Ert E ¢ 3w o =8 2 (25-30C)0l A mie] ks

& o= Asta, A A
(2) Axenic ¥2] H7F B AR AY

W FREE  axenic T, Nannochloropsis oculata  NIES-2145 (Npo-2145=  °F3),
Nannochloropsis sp. CCMP 531 (Npg-531% ¢F3), Tetraselmis suecica CCMP 904 (Tss-904=
°F3), Tetraselmis sp. CCMP 908 (Tsq- 908)%] Alettl7} BF-3tal U= Tetraselmis chuii
(Tsc-S= ko] AA=dS A5 vlus] ®okth mdxdS Aldde 4 mle] F wiA&
Atdeto] Eatstal 7 FujA S 10%H A HETE $oll 3,000 lux (L/D=12/12), 24C,
180rpm®] shaking incubatorell A vl &3} 3Tt
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AEI F4 Axenic
iY77 (Algae Culture Collection)
(Web site) 7 H o] Fx
The Provasoli-Guillard National Center for
Culture for Marine  Phytoplankton ccmp.bigelow.org Yes
(CCMP)
Culture Collection of Algae and Protozoa
www.ccap.ac.uk No
(CCAP)
Universty  of Toronto Culture Collection | www.botany.utoronto. N
0
(UTCQ) ca / utcc
A X3 A4 Microbial Culture ‘ ‘
. WWWw.nies.go.jp Yes
Collection at NIES (NIES)
i Algae Resource Database www.shigen.nig.ac.jp No
Culture Collection of Algae of Charles botany.natur.cuni.cz / N
0
University of Prague (CAUP) algo / caup.html
The Culture Collection of Algae at the
) ) ) www.utex.org No
University of Texas Austin
* QIEJUIXLo] Eo A axenic =+ xenic FH. A& ofF
3 3-10. Axenic wFLAHAF
Strain FAFeFo] Culture  Condition Remarks
Nannochloropsis oculata ESM(agar), 20C, 10-20
Npo-2145 axenic
NIES-2145 umol photons/m2/sec
Nannochloropsis sp.
Npg-531 f/2-Si, £/2 agar, 22-26C axenic
CCMP 531
Tetraselmis suecica L1, £/2-Si, £/2 agar,
Tss-904 . axenic
CCMP 904 (CCAP 66/22D) 11-16C
Tetraselmis sp. L1, £/2-5i, £/2 agar, )
Tsq-908 . axenic
CCMP 908 22-26C

71 A3} Nannochloropsis A% Npo-21459] 7ol Ho R O™ Tetraselmiss F oA+

Tss-904} Tsq-908] A5o] H]Z=3}9T).

upekA 2p7] Al 0. E A Npo-2145%5  Nannochloropsissy
A et} Tsq-908> CCMP #-%F7| ol 3 u

Tetraselmis<:2] 4ol A

ol WhHol, Tss-904% 11-16°C o] 7] wjito] ME7]FQ] =& Hjde s

Tsq-908< gt}

Tsc-S& axenic3lUhe 54 7F H&381#] Folx A t)idolA A<
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FoH A

Shal Tsq-908<
&5 7) 22-26C
gt 7)ol A




0.6 -

—O0—T'sq—-908
—— T'ss-904
—&— Tsc-S

—>$—Npo-2145
—i—Npq-531

0.5 -

0.4

0.3

0.D. 680 nm

0.2

0.1

ok HolA ol 9%k w5 N s o Bl

(1). EMS A&l W& Nannochloropsis oculata®] &8 54

WA EMSe] WHolH e a5S ¢oti7] 93kl Nannochloropsis oculata Npo-2145S W O]
o g Bstal EMS A A E S akaltt. 541, EMS 5o W& N. oculata Npo-2145°] A3

350 120
300 100 #1000
— L
3 250 ®
= 2 80 |
S <
> 200 ]
= g 60 |
3 150 e
z = € 46.5
5 S 40 |
5 100 g
> (V2]
o | \221
>0 15 107 64 50
0 ~ 0 ‘ —
0 2 4 6 8 10 0 2 4 6 8 10
EMS Conc. (%) EMS Conc. (%)

19 3-10. EMS A2 A9 N. oculata Npo-21459] AJ&E&

_64_



=85 54 U EMS 552E 0%, 0.5%, 1%, 2%, 4%, 8% = 3t 7)o W= N.
oculata Npo-2145°] HENS H|gk thgo MRS LA Hf=]e] Zatal 25T, 180 rpm,
2,500 lux®] Fx7 stoll A #l g 3o colonyo] =5 A o™ (11 3-109] ¢%), EMS
7R colony=ot tiH]ste] Z} EMS koo AEE (%)= St shdvh(2d 3-109]
QLE ). 1 AY BEMS F=7t S et A=l 343 1A EMS 4~8% A= AE
£0] 5% o]Fow WIto] glrt

44

(2) EMS A& & 92 ®lo]Fo] AF

olr

EMS mutation o= A& colony & FlA A7]17F 2 colonyE A'8sto] MRS 4%
Hj =] el A Fskar, 25T, 180 rpm, 2,500 lux®] F=71 stoll 50 mL Falcon tube©ll i< 3}
S TR dAFEE SAHS A7, N. oculata Npo-21452] EMS o] ol Al A%
olFE MHEE F QAT o= EMS s AEE 54 (OH 3-10)014 H= ‘j}@r
S 4~8%2] F-7toll A <] *§ &9 W37}t Qle Aoz wol EMS WAF7E €A
o7 Ay, g5 e 42 AFde ddol glas v F2 "’F

=

N
HJQ

|
2 %

20, I My o
SO
>Z[‘

__ﬁrrgrlo'

()

QLD tBBanm )

ENE 0% EMS 0.5% ELIS 1% ELE 2% ElS 4% ELIS 8%

EllS canc. EOE7O14

a9 3-11. ZF EMS sX=A g oA AHE strain®] A%

5l © 2= EMSOl| 2o]dfA Wol7} dojyr]= 3y back -mutation®] A dojdtial:

22 5 gk o] 45 EMSY Wel A=A e Bt gles £ahn, o 1% 3410
3} o] miwe] WolFsh Ago] frkA] tmA] ghgo] FH A webA EMS Weld] o
A 5T AMe 44 Qrin By GO of Fiel tE gAE T ATs]
Tol B AEghe HolFE #F Audete] Basjth
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i

(3) UV Azl 5 Ak Mol 44FE 574

Nannochloropsis oculata Npo-21455 LA F v =] 2A3tgk thgo] UVFHOZH
20cm AEE 73, UV mpmg 0780 min UVE A glsto] 7iEd WolF5 o &
th UVA e AlRbel] whe} droba2 N. oculata Wol5=9] A4S 543 A}, Aefrgte] A
NdrE A2 N. oculata o2 JHFEC] Holx= A& B3 o= UV
A7 Z77F o 927t Ak @S WEgo R ®olrt dofRed £ FE 9
Teu 169 o] & wiF-e] WelFrt el Srbsk: Aol #AEAT T Fell A 20, 40

E

mins A2 AT A dGEo] F o FobHFol FQlHo] o= Fx a7} ol #
ZE Y ey dixTek 2 Aol HolAw= FobA duk Bawk sy 2 ofal $9 A9
S AFZ AP
13
12t
11
E
g
o 0gt
ot
07
08
0 4 B 12 16 20
Days
2% 3-12. UV A ®WolF9 A=A
g FAE vol 4B HyulMzG A
A7V wlFst 5o AxAVE 4] g8 dnjFom ApS A (2" 313 F

Jlm F“

Z). NannochloropsisAl-&-> 71 54 < size7} 21> 73] @A27} & WAL, Tetraselmis
A& 54 flagellaZt #Z =] o] Tetraselmisss 5745 7FA AL Atk Nannochloropsis™
A7 o] 23~253 m, 2.7~3.3 mml.2 S &0l L Tetraselmisi= 8.6~9.4 x15.4~17.4 m,
7.9~83 x 10.6~15.6 me] E}YLPF o2 FSHE A T4t A8 Hol AEZA T A7 A
A EAZF HA S5 Aoz AZEd
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() -
_ 50.0 pm
Npg-53 1 SRS AL — Npo-2145

19 3-13. Axenic ¥ 4 T % Tsc-So AEFE v AR (FulA], 24T, 10L w1,
100x10)

¥ 3-11. Axenic 75 4F9 WAE z7] 2 b

Einh Alae] A7) 2
Npq-531 (Nannochloropsis sp.) 2.7~33um2] T4
Npo-2145 (Nannochloropsis oculata) 2.3~25me] T4

8.6~9.4 x 154~17.4 m®] B} &
(CAEAS] 7))
7.9~8.3 x 10.6~15.6 me] E}L 3
(HEA 2] A7)

Tsq-908 (Tetraselmis sp.)

Tss-904 (Tetraselmis suecica)
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2. W BuiFS A% A W FRA QI 24

R4

7} £/28) A o A 2] trace metal ¥ vitamin®] 743} &3}

glo] o3t JFS HAsbelr] fste] Aol 2% R e APgors vA
7 AH Tl Aol 9 Wyt A4S wjAlste] Hlo] FiEs] AME =S st
At =, 4 mlo] HiAE Al el AdSEal 40uE Felgs JF skl ATl 10%
= A sk th A3 shaking incubatoroll Al ¢F 35T 7= 355]A] Hlo] & ZALEEZ

Fel] =k 4o A7) 3,000 lux3AT

Al A= F 102 7221 trace metal solution 2 vitamin solution®] @5 5 HA] &

7+ A= Npo-2145 2 TSq-908 H ol A fAAth.
= ~3- . . . — o - - -
S, £5i, £/2:61 L /451 AATS v A G FI o]t T FF mF|A
= =] fe) -
Holt) o] ZAE AAZF wjdste] 1 ERE 7]9-7] s s A o] S0l R A
Ag SHAA Folof & w3
N. oculata (Npo-2145) O] Hi x| Md %t T. sp (Tsq-908)2| HYX|H M Zt
5.000 . .
—B—fsi 3300 " g ¢
4500  —¢—f/2 ——1/2
—A—f/2-Si 3.000 | —A—f/2-si
4.000 - ——f/2-si + 2X Me —¥—£/2-Si + 2X Me
3500 | O f/2-Si + 2X Vt 2500 | ——f/2-Si + 2X Vt
——£/2-Si + 2X Vt & Me ——£/2-Si + 2X Vt & Me
E 3.000 |- —O—f/2-Si + Thymine E Lo000 | O f/2-Si+ Thymine
) —>&—£/4-Si o —>— £/4-Si
Q 2500 | 2
a a =
S 2000 g 1.500
1.500 1.000
1.000
0.500
0.500
0.000 0.000
0 5 10 15 20 25 0 5 10 15 20 25
Culture time (day) Culture time (day)

19 3-14. Npo-2145 (3) 3 Tsq-908(-7)el ZtEujA|ollA o] AFn|a (25TC,3,000 lux, 180

rpm, Me: Trace metal solution, Vt: Vitamin solution, -Si: AR Al <)
. £/2 WA e Eas

A7) ARG A EE AAE SAE D3 DS Bareh o)) whet £/2 wA
Ful A7k A ERe 4

1975, 38)7} THE Fujx| E 2

i
£
D)
=)
I~y
=
Q.
Q
=)
Q.
=
~<
<
=
[0}
—
=
\O
(o)}
n
W
-
)
£
)
=
(oW
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b 4“6}134 (/2,4 3934 {74, 10905 93 £/10, 19 4o

IEREE RS 2
Es ol WA Helold PAAL 2EAT §, i A B LA

H AFg A= FulAE 7| o2 2 553 A22f, 4v 553 A2 Af o2 FA YT
- = o A~ S
AdARE= a1y 2o giARE wA e $FHE7F 5S5575 Y SRkl A Npo-2145,
= = (o) 2~
Tsq-908 + w5 &3] 27 Bes & 5 A
5 Z = S [eJiKe)
T wF &3] wjek 159 Har OD7F 3.0 &3l =ge 4= 9SS o 4 Ak
N. oculata (Npo-2145)2| HiX|'H 4% T. sp (Tsq-908)2| HYX|'H A%k
5.000 r 5f 3500 1 _o g
4500 ~ —L4f —F—4f
—>¢3f 3.000 - —3¢—3f
4000 | _4 o 2
3500 | W f 2500 - —m—f
——f/2-Si o—f/2-5i
£ 3000 g 2.000
o o
2 2.500 3
a a 1.500
G 2.000 o
1.500 1.000
1.000
0.500
0.500
0.000 0.000
0 5 10 15 20 25 0 5 10 15 20 25

Culture time (day) Culture time (day)

1% 3-15. Npo-2145 (3}) 2 Tsq-908(-F)e Zh&uiA] oAl ¢] ASH]1(25T,3,000 lux, 180
rpm, -Si: AR A 9])

th %o 4

A £ S L% WSl Al 284 AF @ ke el HIAIR 16~27C 2 FelA 9l
ot (6), AHORE MFLLI FEFT Felshn 2 ol LS slol g
ARt v ge] AR A7) wolth 5 AR HAbE ¥ LEoA BebAy] Hi

rE

Oi
£ o2 2

Argol B EE B9 BoRE AYER o|5o] Bl A7) HAielA ¢& ARE
ate]  3FHiA], 3,000 lux, L/D=12/12, 180rpm2| 2 S 2 25T, 30T, 35Tl A 2] njk
£ Fols) naith 7 A3k FAUE 250NN Ago] A £k, 30T P YKol
WA Asl wgo] SHelH A (™ 3-16, 3-17).
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—— Npo-2145
-=- Npg-531
T Tss-504
— Tsq-908

LD, 680 nm

N.oc
(Npo-2145)

N.sp
(Npg-531)

T. sue
(Tss-904)

T.sp
(T=sg-908)

2. pHel 9

m A2 Fo] gl AdE pH W9 mRsbA R A 2gel A AFE nhel ﬂo] 7.9°C o] 1
A 82877 LA Atk (36). o5 E157] 915ke] Nannochloropsis®] 2% 7HA3L %
7] pH 24& &35t rm FFS Lol Btk wigE=-E 3FujAo|A 25T, 3,000 lux,
L/D=12/12, 180rpm®] %7102 vt} 1 A3} = A pH 7.5~8540]% 383} pH 65 2
9.5% A5 AlE T+ o= YERET
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18 | 18 -

15 15

£ 12 |
& —4—=Nsp_pH 6.5 g —4—N.oc_pH 6.5
3 ~B=Nsp_pH75 g 09 ~@-Noc_pH75
g: ~+=Nsp_pH &5 @_ 06 ~#—MNoc_pH85
~—Nsp_pH95 8 ' ==—N.oc_pH95
03
g time _(dav)
0 4 8 12 16 20 24 0 4 & 12 16 20 24
time (day) time (day)
|Nannocﬁfopsis sp. (Npq-SSl)[ Nannochlopsis oculata (Npo-2145}]
2% 3-18. 27| pH7ZF Al mA= |
m}. cozel <3
CO2 FFH &2 Spirulina plantensis®] W F1E VT O ZE N. oculata Npo-21452 2 F
= APt (46). CO2v= MM =7 Aol o A A dadoZA o] §HT
webA] x| EHAQ Tl ¥ FAs] vAlERe] A £2 9% + Aow A4
Aar AvE 2ZA FAHACE AW o= CO29 FHS ©Aade] FHol 1A ekl )
o

&FAe] pHel Y-S vA =
pHe 45 7
CO2 & ol W& &ike] o
Sed = Eeal CO2E FwshA] &S wHth Ago] A 1
&el COo2¢| el 9% pHY stgte] FeEdvtd H445 CO2E vvd uw= )

datat= YERNA] kAT CO29) ¥F o2 24
AT} o= YA CcO9 FHE AH =3
Q 5

0 oz

co

r
o

=
=

)

02z

il

X o
% 3-19. CO2 & w ol WE 149 WS 5 A5 Aol
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Dry cell weight (g/L)

(FT)

i i}

g G

Culture time (days)

wn

=
o

Culture time (days)

'_'l.
o —r——
3

, | =&mco2 33

R =t

9 3-20. CO2 &9 ol WE A5 Aol

vl CO2 &%

ZAY G o] g Fold A
A3 BTl N. oculata

nhgkoll A CO2 & A pHE
=4

Z’ddle] phosphate buffer ¥ tris buffeg 217t 0.1mM, 5mM 7} &

.o

o7 o Abala

A e 4SBTk 1 ole) 2 e vk SAS 0 A3t gels coxg ke
ol CO2E F7behA @& wru A4 Aol Holwtom CO2 H7kt& was] »Hi
F M gEae ke 2, FYel 295 Ago] Frh o] AgelA cozel Hrke
ZAYNA Fdel AL S A el AAFT 93, 1 9o pHE A FH o %
= A%E 95 7 IS Aojge VS 2A o
2.4
23 — % CoZ
’ EREPEE ¢ RERER Momal
20 —— - —— CO2+P
’ —_ - Mormal + P
— — —m— COZ+P+T
% 1.8 ——0—-—  Momal +P +T
= 16
=)
ar
= 1.4
3 1.2 o
S 10
EI
= =T
0.8 P S R =
0.6 -
D-d 1 1 1 1 1 1 1 1 1 1
1 4 = (=} 11 13 18 20 22 25
Culture Time (days)
T 321 S H7E A A A= 9




Ab 3L A vl gl A agar F=7F M= FEF

459 axenic ¥TF agar Fx°l WE JFS EUth £/26i, £/2 o =2 HFsta A
2~¥= FF538He 3,000 luxoll A slFdict. 1 A¥b= F12¢9F 2ok Ak (Sid)S A9
T

il agars SFHU WEof wjekd HE

Agar% 7} W2 A2 Fojdor g ddFo]l 8] wiiel vk dAuigel FeiE Fshy] o
woll FA4 F27F 2ok A7 wjg o o]l ndHEo vtEs AR WA & 5 e
AL 3 A9 A Aolnh. qfakd o] A7t o FL27k= WeekA] Wk A9l A pHE| P
S el = dart ok

¥ 3-12. Axenic 7F 459 = H3 vk

(A28 2F 3,000 lux, 15 HI2H
A= 7| =8 X| f/2-Si f/2
— .
25 agar% 1.50% 0.90% 0.90%
N s + +++ +
Npg-531 | ==K A4 gt S et
colonyd o & = A=A O/M| colony %S
MAEEHE + +++ +
Npo-2145 |Z=X|| A4 et > oA st
colonyd o & A= A=A O M| colony e
8= + ++ ++
Tsgq-904 | =X A4 et M o s}
colonyad | & A= Tl=AH ZH2 colony os
8= + ++ ++
Tss-908  [Z= K| AH o st Mo ol st
colonyd o & AS Tl=A Zk2 colony =

of. Tetraselmissy w52 E}7F9F Wi (heterotrophic culture) 7Fs/d <l

Tetraselmis7t BF7hg ol 7hsstths RS dstal 1 7bsAd s AAstaa & 4
A= A,

Sids A7FebAY H7bshA]l &2 £/2m2+ glucose 1%, yeast extract 0.2%°l Tss-004 =
H&3skal 25T, 180rpm 2 Eshaking incubatorol A 7Y vt A} 5o =l o ¢Ads)
A gow AnFor AEs AEe BE Gl AlY AFolA Y 54 FET 2o
A RIA S Ao wA] gt (¥ 3-22).

ES v BEel A SivF HItE Aol M= Ede] &detAl
7H A g delde *EAdel BEEHA Ask
Tetraselmis2] W oA = f/2-Siv] X & s}l o
el 7]ell oz o] & A Atk

Tetraselmis®® "t o} e} Nannochloropsis sp. & 7} il mixotrophic culture % heterotrophic
cultures ATh= tho] =Fo] BRHJoE=R oz F o] HE: Hof & Flojt}
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% 3-22. Tss-0045 st Ao A dwnld AR (f/2m2+GY ®iA], 25T,
180rpm 74 ®l<F, F=Si H7MA], = Si T3 7HulA)

B e S %“Sgoﬂ"o”ﬁ%k 7bede Aol AL B 7HA vl die dFFE B
7] ko] f/2u)A 2=, =YAIR—E 04% H7bskal gk B ehul kS AAlel ESkth
2 A Fujoll A Tetraselmis A& T+ glucose R glycerin H7HA] Ao E£7v}
Hl2gk 7S sk Wbl Nannochloropsis A& glucose H7F A AFo] A3 A&
o glycerin M7t AlE AslE gl Solsh Ho| AR ATE Gl ol A= Tetraselmis
7F ofzre] S &S Holu Nannochloropsist= 1A kSkth ool Ay=z B o
Tetraselmist= glucose 3 glycerin ©]-&5°] = o= Fd¥ ™ Nanochloropsisi= 1
o] A9 §lv Aoz AtHn) webA] Tetraselmist= mixotrophic growth?} 7138 A
AR H AT 7 & BT o zs AASHA ok dHom BTl o7 A
71hE 4= gleh @A A E A flasko] CO2 BH7Hs A4S T3 dufirkwl BAF7F2 A4
A7l Hokout Gl gy 2318 Aol Adl w Ak

Mo rlo hU M

© % Jo o

¥ 3-13. Fujekol A e ofe] A @AY HUE A S

(1) BB EINT LY
Tss-904 Tsg-908
[e]s] oH H|z oD oH i oD pH
et 06721 3.26 +44 04019 807 +++ 0.038 8.07
Glucose | ©.2309 6.77 ++4 04227 728 4 £.0353 737
Glycerin | C.2088 7.66 +++ | 05402 788 444+ | DOSBO Ty

g
r
Aot

NaHCO3 | 0.2768 | 914 + | 04321 | 949 ¥ 0.1552 | 898
CaCcO3 | 0388 | 9.16 + 06812 | 755 + 09712 | 7.60
Npo-2145 Npg-531 FEES

oD oH E[D 0D oH B2 | 0D oH
238 | 03802 | 844 | +++ | 02663 | 856 ++ | 0038 | 807

Glucose | 0.0185 716 + 00792 7.3 * 0.0333 7.57
Glycerin | 0.301 8.23 ++ 0.2663 826 ++ 0.0599 77
MaHCO3 | 0.1015 a.04 x 04771 853 + 0.1552 3.98

Cacos3 0.7782 7.67 - c.as24 737 - 0.9712 7.69

W s e FaF B = S P | = e ] 4 A PPt ¥

¥ 0.0 : 660nm, ZfA0HEE
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3 314, S FelM e o] ThA "add HVF Al BEGE
(2) fHH ¥z 1h(7 2 HH W)

Tss-904 | Tsq-908 |[Npo-2145 Npqg-5:
=X - - - -
Glucose + + ? ?
Glycerin + + ?
NaHCO3 - - - -
CaCoO3 - - - -

A}, Yeast extract®] 7} a3}

T e APl A f/2m2u] A ¢ yeast extractE 7} H] A {2 HOJO] w28 of —’,:

| yeast extractE® F7}eh viAE 7]EiA = Sto] R
Al FATTE LAY ENR yeast extractE 7HeHa) A] o] A
© A &0l oA yast extract] 24 b GHQIA Aol Al o g Ejﬂr‘”ﬂ galsk

(r e
o fo & =
n&*
gf“‘)

1:1

§E
_>.i£
N3
}E-Vl

ulghA] ojRle = Alette] B3kl AW TetraselmisAl -5 7FA| L yeast extract®] 37}
E9E AW EgT) Wk 271 245, 180 rpm, 12:12 (L:D), 4000 lux(LED)Z A8+ 1
O AdeE a9 3233 Zrh

Medium Tetraselmis. sp. Tetraselmis tetrathele

"' - 2 B
1. 1/2 + .

2. f/2m2 ++

3. f/2m2+Y0.02% +++

4. f/4m+Y0.02% +++

5. f/4m2+Y0.2%

an
s
£
02

% 3-23. f/2 F £/2m WA A 9] yeast extract 7} &}
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7heFo] 7t
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A
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-

T

or o ~
=z ~
o ey o

o - o (TN
cw 5 - X
= © € o N X X ilui
IxOBR o =T Bes
WL ..a..w N To o W S oH ﬂ/ R
=L Bl — ER ) BETELY
B 2 2 ° 1 - n 13T %A%pufm
Ex P % o & i o o o R A

ey 5 Zx R R SR
(5 (ay 3t °* < ) 3 w9 5w
& il 7 = < g rh g UK
o +~ 8 T AR — oo S|+ E@%).a%wr
¢33 B Yo B T e B ERA R
o5 I T C 3% X o v = b N T
o — el —_ —

X Htm J o ﬂu_ﬂE MXL ok S|+ = oy of ™ ms.w:ﬂo oh
&EWN oy X B = oy N = o ~| + aomoﬂrle:_;
m o -~ = o Y aquT :](\r i

g o#u N Eo 1o° - =L IXF Ll X g, o}
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SO iy T o B > m I | g Sa® e Sh

£ UE B o= o) W 2y = | &+ WAl WK E o
gl N op X W A © Km0
2 3 o = = B X MR e mwﬂﬁ,@)wﬂl
gl m )l = Ar ey R Eo L5 HT MUT o _n:E B = o UGN
70. H = ﬂ S| + Q\_IFL]]‘HAII‘HEE
Mo B B P 3% g % T |31 R i To T oo
w8 e =) oF N & o o TSR Il I wo 00 — i

< ol 0 —_— 7o — 0 i o = W o
A B Fo o il T i = W
%ru ) X pril < N o 00 % Jo o = ] o T N i
X i N of 1 Bo or R Y I ETEutwd.aTwoMm”
L © o al 7 - ~ N K=o X Ly To A N e

o X = = N o < = <P Mo T T

— 8 =z T 2 ] O &2 W@ Y
Eur EWEL - Gy ﬂmﬂfr MHM+ ] %W@m¢m¢;mﬂ
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N g T X w%ﬁﬂazz&r B = %odomﬁ%
ol v 0 U] = o I,.F# o <t IS cU ﬂnﬁro /W‘WOHEE
= e Gy yﬁqsﬂ%o% = vy oog T = B® & & % X
i <K 2 zn o] b o N Ao%ﬂrﬂEwTﬂuga ._/n_u_ S LS 5 x fL ,aoqwﬂxz_ <
T i T = ¢ = —_— )
o - £ ol O o IH A]an N ]@a 2 | = * T = = = .8 e N mk
Ly o— R LB»O 00 I < ,_H.”O = Z. + ]TLE <
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Fxe oo THeflTR & - &a%ﬁm%ﬁ
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Air diffuser
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oA Aztel vy 77 3-259] Pyrex ] FWIYFA| (glass reactor)E ©] &3]
B Fs dstar, Al AAA ek Fujt Aot AdAE v 1Bt (1 3-26

%),

19 3-25 : 77 0°] J+=PE-vinyl bag (3}) % glass reactor(-7)% Y E&F

13 326004 Hol= 1zl o] A, glass reactor, F0] 3= HIEW cow A
o] Fouf I Aol athA A4 dtk = oAk Aol2 B Frial I = glrk Wi
Al ae] Adb= midulel A adiz AdE JhsAde] wrk Ffo] ek, B8 o B2 A
e sEoAARt AT ARz E vdor AIF o] e d7]A A= )
71 o8& Aolrh ko m AlF el o] F2 viAZ HdW HYS sho] o] RE2
Al g HFE Blolth

o
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2.000 r
—&— PE bag

| —O— Glass reactor ‘/_/Er

1.800
1600 4 test tube
1.400
1.200
1.000

0.D. 680nm

0.800
0.600

0.400

0.200

0.000

0 5 10 15 20

Culture time (day)

10.00 -

9.50

9.00 -

pH

8.50 -
—4&— PE bag

—{J— Glass reactor

test tube?|
| L pHE= 8.0

8.00 -

750 -

7.00
0 5 10 15 20

Culture time (day)

19 3-26. Npo-21452] 2+ w7l A o] A= 5 pH W3}
@ (& #Z) PE bag &Glass reactor: f/2-Siv]#], 10%7%E, 7,000~2,000 lux,
L:D=24:0, =% 1L, aeration 0.1vvm, 21T
@ (3} L) Test tube: f/2-Sivl=], 10% &, 3,000 lux, L:D=12:12, 7 =4ml,
18rpm, 24C

23 ad AR 2 s oA Abe g 2

o) Az uldu Az fskel vdo] AR A A3} PE WEL Wwe] Bk
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st 7hA o] M, PP Wite] b et b e) Higths AbLE g aem ele 7hA
Hdule] B19lS 2ALeE A3, Fie WAEA GAN whEY] 4 G 29
+ BRE v mE wEoilh (19 327 3 328 FE)

AFA BHE B 2 30ecmé] polyethlene (PE) film< Z©] 40~50 cm= AP 31
sealing7| & ©]-&3}o] sealing?dt tha Tt Aol A Atk wlA] 2-3 Lol seedE HE3
T2 tgol RS ZobA sabe] AUNE 713 tie® FHeth oA vhE HjdH
7 228 5= roomUlell Sli= @g-sol AAE wigi el sak Al Aol AAR v
2 Aol x9gete] gt silicon A2 9] air hose R air filterE vinyl bage] o] §l+=
TS 7R Ao 17 F} o] air hoseE bagWl 2 o] Yl air pump$t 1A} Bagel A
o

5

o T
iz
tlo

)
aQ

kome
qz lo M2

=
O

d
ﬂl

Mo do rlo

F-EE tapes B4 2 DEgeh WIS g<18H7] 913 sampling air hoseE Y
ok w9} R R HE g 10 mle) pipetS Mo B i F9o] 2R M)A samplingdt
il HAl T F91E tapes EoIA EEdTh (LH 3-28).

o] PBRE] 4 AA B o] g3 w3k 7pAo] AHE PE films 18802 AFE-S]
wjZell wjFolo] Ek Fo AlF o] B gt ¥hHo| mixingo] FA oA XA 7} Aol A
[e)

o

b Qla, BRG] 9EA Gobr Afe] md Aol wow AZH

S

El

272 A2 vld o] AJFS 7] fste] QFEge AME ThsAd S Aste] AR
th. ¥+ N. oculata Npo-21455 AR&3tal, f/2-Sivl=], 10% F<&, 7,000~2,000 lux,
L:D=24:0, %1% 2L, aeration 0.1lvvm, 25C= 3} ®j%Fs] ®H gk 1 A3+= 19 3-29 ¥
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Support with
S—type hanger

Air filter

> Ar hose port

Air flow meter with
flow control valve
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N

;/\ I
B —— o #
Red sea Salt) .
i','-
N

g

i —O—PEbag (5]3) 11.00 T
2.000 =% PEbag (RS salt 3.39

I A BTTE - -0 9° " PEbag (NaCl 3.3%)
1.800 S . PE bag 10.00

. o T Glass reactor
1.600 - /»_ ad © A test tube
Y 9.00
1.400 |
1.200 8.00
T
1.000 | e
7.00 . N
0.800 . —O0—PpEbag (8}1%)
.,. —©— PEbag (RS salt 3.3%)
0.600 600 - =0 - pEbag (NaCl 3.3%)
o 14

0.400 " test tube2| ~*® PEbag

e 5.00 i pHE 8.0 @
0200 [ o. Glass reactor

[t N . . .
0.000 .0 -9 R LO) Q@ 4.00

02  5¥ 109 15¥ 20¢ 25 30 35 0¥ 59 109 159 20 259  30Y 35
Culture time (day) Culture time (day)

19 3-30. 22F AAF Al We ] g 5 pHW S Bl
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3-300 YERATE 1 AT oFgE A 279 Aol oy thE
AA 3] =S 1= At v & %
o] Bolx Aujdo=m z aeteE Aoz A7 HIATH I 27
seed] FHAIHE AAW Ao 7 A7}, o] gow
3 ¥o1EV}

gt Bl AFE A9 1Al AR Ale] AF] £ Y
o m ol Aol Qe AFHEE F U= A7) rhE

th oqksl €A Fagel whE wid oM o] mAzR A &<l

e 7129 (2] flaskol| A BT} 9o F3hfo] ol iy 1A
el Adrk =3 flaskel A ®Brk 7] B gAb7b2e] Fito] Hlud

m

Roomt Aol incubatorol A HlE® wjFS A =35kl 3,000lux®] FHFS FAFSHAL, 5%
(vol/vol, CO2/Air)e] o]ika}eka %%é}t &71% 01 vvm (vol/volmin) o2 ¥33}+%]
t}. T. suecica Tss-9042] seed Hl] C’ok NS 10% % }6‘}57_ AE&H XS 2Alste] Bkt AERZEA

—®— PEbag (RS salt 33%) — =
AT . 'PEb:g(Nacslaas%) j-\a: 3-329] j—ﬂ}u‘*— __H;_Di o]: 1401 X‘]EQ]
o YT PE bag

-”u' "5 Glass reactor HHOO]:oﬂ/\i 7455;4]23}:0; ok 1g/1 ODE

Ak et tube

M= oF 25 Aol sjdEth o] = ad
3-301141 9] N. oculata Npo-21457}F 302 7+<]
ool Al A o|2x B3l g=xjolt} 19
3-29¢F 717 3-31% Mlus = = o o 9l
t}. =, T. suecica 1492 wjgFde ALz
2 Wb Holk viscosity”} e S
= ¢ T Utk

ol AT = AU Ze o)ita} w
WAkl girel 7 2 ol §7h of
7 .
pHe| AAIHstE B 8U A 98 A&
peakt Holtht o] & shetalel 8% Ak
2 FAES. pHZE 9& Hoj 7 AHo] A
k= Ao HATE N. oculata Npo-2145
o] AgoE 1Y 3-30% B 1 AR
pHOl 3& WA ek 7 2o,

0-0--9--9..49
115Y 208 BY 308 35Y
Culture time (day)

[e:

Gl Tetraselmis suecica Tss 904 14 4

% 3-31. 149 93 Tss-9042] i FH
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Dy cell weight (/1)

19 3-32 T. suecica Tss-9042]

N. oculatra Npo-2145< & Y3
& 08 g/L=E tha E2 A A oA
B A& feedo}7] A]z}s& 3}

Dy cell weight (g/L)

1% 3-33 N. oculata Npo-2145¢] H]d

A 2AY NaNO39 sxHo
Tss-9049] A7 ol w) x| o &k

[l
(=]

—

0.8

0b

0.4

[}

(=1

=

w7

10 r

pll
o2
on

5 7 9 1 13 15 17 1§ i % 5 7 g0 11 13 15 17 WM M

Culture time (day) Culture time (day)

o A of wjeF Al A=A Hel w3}

Ag o R wigs A3E 27 3-330] dElAT 27] A A
AR =P W 11 o] 5o AV = Sojztoy 179 A+
zAe] F7b7t =l 9tk N. oculata Npo-21452] 7 -5-9

prH

o

[EE]

Culture time (days) Culture time (days)

wol o] e A Az@AZ D pHe| W
A9) Hrtel 3P

| w2 widS F3 N. oculata Npo2145 ¢} T. suecica
BAE s epgleh Aad FRE mE AAEN ave

A A A A e glE.
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O1day
Bogzy

(1/6) ayBraa 122> Auq

NaNo,

01 day
Bogay

45

Npo-21

o0 = =1, ~ I}
= P=i [=] I

(1/B) 3ayBiraas a2 Kag

NaNo,

>
k]
o

Wogay

NaNO,

Tss-004

Npo-2145

il
Nannochloropsis sp. Npq-5312] %

2] 0 2 LEDe|A] 1] A

of. 2 Ay Ak

o] o} WAl LEDRT} T

0.8

073

= i Lo i u
=50 o ;
L} L}

(1/9) wyHam 2o faq

15

10

Culture time (day)
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4. Jar fermenter culture

o] A% wZo] UHbA O = jar fermenterol A= Wi FEtA] =T 12 jar fermenter
ol = wjgo] kg ol7] wTol E@ol 3 oS AXSIL T. suecica Tss-904§ 3F°] Yeast
extract 0.4%, glucose 04% 5 FH7tstal w3t 1ga & FFsS 378 o= A
Astar 1 EHol E¢FHE TUE AFS A Ho] WALEEE ) ]ar HEHAAN 225
SAgk A7 38,000 lux7F ¥ ATt Seed™= 1% HE L pHE 2434 %o 54%] pH
75904 EYolE H7bste] 8002 Ao = HojA ofF A kA &tk 11¢
o OD7} 4.02 SAH =N gaksld DCWRE= 9F 2.5¢/17F #th

= Tss-904 5L Jar Fermenter B QFZ20}

o 3F+Yx0.4%+GloD49:,
198 E1.12 0OD)

—— 0D o 25°C Ivwm, 300rpm
Eqn L oH © 38000 lux, 12/12 | as
40 8.0

0=AD
=40
=AD

HSR0
EOTHe09T

0D (ABEO)
l.;
(BT %06'T

OtHN | —

1.0

1% 3-36. 5L Jar fermenterol] A1 Hl<F
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A% Ase) A R AE Aol wg

ol A7A o AN Aol Lo} Qi A
gele) wul oot 2

il
o
il
:?l:'
T
30
K
N
(i
X
o,
[oW
=4
Q

il
a2
32
v

(1) T2 T2 H e =538 axenic straing ZH3SIAL 4| st oF gt}
A 3 53] v Y s AlFe] Aldor QdHo] o Fggk

W strains frA8t7]7F ol f{tk= Aol & AelA =71 ot} npidel 2o Aol
obA MAlEFE 2 715 AT LAMATE Q7] Wil A F7 9 strain
| & v]-go] Rt} 53] Nannochloropsiss> TetraselmisZ; ol

_

2 A5 HHL BCTHFLOT Alrdrh
FeEvete] o 54 7] Hgte] 2mrt stonz mebs wgo] wWol Ei= o] FH ]
ko] 2471 € Ao|tl. PBR Al AAA G mEsor 3 EA42 AzZtHAT), vholr)
30CH-AA Aol AT w5 R B e glo] B2 FAHd S
= Aotk Al FAE FReta gl dFE BT 30T oA A E

(3) Al pH= 759014 85 A= A7bET
o P A ST HHX%E A7bE = dgdEol Aol fF el A7) wiiel pHe| W3}
TRAER WAEFE Fetr] A= olakstead] gl A4
HOE pHE w5 slo] A2 CO2E HustAl T+ ste] pHY
shutel ol o] efef Ate] 7L, oAb Al AP o2 WAl sk &

(@) WAE £/2 MAE 7]
e,
£/2 WA Ao FANAZA HEHS Aostd T B2 P gk Ed wAE
Fo] 1=9)

r PE
O
fr
ol
ol
=
oM.
o
o
=
AL
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