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SUMMARY

I. Title
CO» fixation by cyanobacteria and production of high-value biomaterials from their

biomass

II. Objective and Importance of Research

CO2 can be transformed into organic compounds by photosynthetic plants and
microorganisms, which is a key function in the geobiochemical cycle of substances in nature.
Therefore, this study was mainly focused on the screening of photosynthetic cyanobacteria
(blue-green algae), strain improvement, optimization of culture process, and screening of
high-value materials. On the basis of this research, technology development for 1) the
efficient fixation of CO, by using cyanobacteria (Spirulina 1 g dw/L/d, 0.37 kg CO,/d) and 2)
the production of high-value materials (bioactive compounds, feed-additives, etc.) from their

biomass were aimed.

IMl. Contents and Scope of Research

1. Establishment of collection, isolation and maintenance technologies of microalgae
including cyanobacteria

2. Study on ecophysiological characteristics of cyanobacteria
- Growth and carbon fixation of cyanobacterium Spirulina platensis with different

nitrogen sources

- Effect of CO;, concentration on growth and photosynthesis of Spirulina platensis
- Strain improvement and efficiency enhancement of CO fixation

3. Study on the mass cultivation process of cyanobacteria
- Design and manufacture of the photobioreactor
- Optimization and model system construction of mass cultivation
- Study on composition of the medium components for culture optimization

- Development of harvesting method of cyanobacteria
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4. Selection of high-value biomaterials from cyanobacteria
- Construction of microalgal extract bank for screening of bioactive materials
- Construction of screening system of bioactive materials
- Candidate selection of potential bioactive materials
- Structure identification of bioactive materials
- In vivo and in vitro bioactivity assay of bioactive materials
5. An actual proof of bioactive materials production
- Test of feed suitability of cyanobacterial biomass
- Feed additives for shrimp culture

- Feed additives for swine rearing

IV. Research Results

1. Establishment of the collection, isolation and maintenance

technologies of microalgae including cyanobacteria

In total, the sampling was conducted 6 times for collection of microalgae from the
nationwide freshwaters. The number of isolated strains was 251, 160, 90 at 1st year, 2nd
year, and 3rd year, respectively. Total over 500 strains were isolated and preserved. The
isolated microalgae were composed of taxonomically 11 classes: Chlorophyceae (23
species, 203 strains), Cyanophyceae (18 species 178 strains), others (84 strains), and

unidentification (38 strains).

2. Study on ecophysiological characteristics of cyanobacteria

(1) Growth and carbon fixation of cyanobacterium Spirulina platensis with different
nitrogen sources
The growth and C fixation of Spirulina platensis were investigated with ammonium,
nitrate, nitrite, and urea as the N source in a batch culture. The nitrate group produced a
higher dry weight yield, while the nitrité group contained more intracellular C. Finally,

when considering the efficiency of C fixation, the culture should be harvested from day 6-10.
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(2) Effect of CO; concentration on growth and photosynthesis of Spirulina platensis

The effect of different CO; concentrations on the growth and photosynthesis of Spirulina
platensis NIES 46 was examined in terms of cell growth and photosynthetic parameters.
Under 0.01% CO,, growth stopped after the depletion of the dissolved inorganic carbon and
the cell yield was low. The cells grown under 0.07% CO; exhibited no change in their growth
rate when compared with the 0.03% CO,-grown culture, yet the cell yield increased from 1.2
to 3.6 g/1. The cells under 1% CO, showed the lowest growth, even though the inorganic
carbon remained at 50-60 mg/1 and pH 7.5-8.0. The photosynthetic rates under 0.03 and
0.07% CO; were higher than those under 0.01 or 1%. Accordingly, among the tested CO»
concentrations, 0.07% CO; was found to be the best for a high-density culture of S. platensis

NIES 46.

(3) Strain improvement and efficiency enhancement of CO; fixation

Specific detection of cyanobacteria is necessary especially for environmental samples to
reduce effort and time since cyanobacteria is not always major bacterial components in the
samples. The primers (PCIF and PC1R) were designed to amplify an approximately 450-bp
region of the cpcBA IGS by comparing representative sequences from all available sequences
of GenBank database. Intriguingly, except Microcystis-like group (group F), other 6 groups of
cpcBA genes were distantly related to previously reported genes (about 95-70% similarity in
CpcB protein sequence to closest relatives). Among these, Group C, D, and G were highly
divergent from known genes (less than 85 % in protein sequence similarities).

Global warming, as a consequence of increasing atmospheric concentrations of greenhouse
gases, is one of the major environmental issues. The CO; released by industries accounts for
more than half of the total CO, emissions. One of the future applications of microalgae is to
the removal of CO, from exhaust gases at sites of industrial emission, such as power plants
and steel factories. It has been established that photosynthesis is much more efficient in
microalgae than in terrestrial plants. Therefore, microalgae are considered to be more suitable
candidates than terrestrial plants as biological catalysts for CO; fixation. It is suggested that the

direct biotreatment of discharged gases may reduce the cost, but imposes on microalgae extreme
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conditions such as high concentrations of CO, and low pH caused by CO; aeration. Suppression
of algal photosynthesis by both high concentrations of CO, and low pH has been reported.
Thus microalgae suitable for the CO, treatment should be selected in terms of tolerance to

these stresses.

3. Study on the mass cultivation process of cyanobacteria

(1) Design and manufacture of the photobioreactor
The 200-L photobioreactor designed and manufactured in the previous study was improved

to enhance efficiency of mass cultivation, and then was operated for microalgal cultivation to
investigate the fixation efficiency of CO, and biomass productivity. Culture conditions such as
temperature, light intensity, air flow rate were complemented according to the results of the
microalgal growth rate estimated through in vive fluorescence, chlorophyll a concentration and
cell density. The complemented 200-L photobioreactor was used for mass cultivation of diverse
microalgae containing cyanobacteria, such as Spirulina platensis, for screening of bioactive

materials and feed additives.

(2) Optimization and model system construction of mass cultivation
Spirulina platensis was cultured in SOT medium modified by diverse CO, concentration in

cylindrical photobioreactor to investigate effects of the CO; on the species growth and
photosynthetic characteristic. The highest dry weight of the biomass was 24 g/L and was
cultured under high CO, concentration. Specific growth rates estimated during the exponential
growth phase were 0.17, 040, and 0.62 g/d at the low, middle, and high CO, concentration,

respectively.

(3) Study on composition of the medium components for culture optimization

A study on the composition of medium components for growth optimization and
enhancement of biomass productivity was conducted. SOT medium modified with diverse
carbon and nitrogen concentration were used to investigate specific growth rate of Spirulina
platensis. S. platensis was cultured in 3-L photobioreactor. In nitrogen concentration, high

chlorophyll a concentration and dry weight of biomass were found in the medium containing
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200 mg/L nitrogen (1.214 g/L NaNO;), which was lesser than 2.5 g/L NaNO; in the generally
used SOT medium. To investigate the most favorable concentration of carbon at the 200 mg/L
nitrogen concentration, NaHCO; as a carbon source, 1.68, 346, 84, 16.8, 34.6 and 56 g/L, were
added to each medium. The highest maximum specific growth rate was found at the NaHCO;
168 g/L. The results of the cultures at the different concentration of N, Fe, Zn, Cu, Mn
showed that maximum specific growth rate based on the dry weight was 0.42/d at the NaNOs
154 g/L treatment on 6 day from the beginning culture. Consequently, optimized medium
composition obtained in this study produced maximum growth rate 1.11 g/L/d in the 3-L

photobioreactor culture.

{(4) An actual proof of mass cultivation of cyanobacteria
The existing 200-L photobioreactor was complemented and operated for cyanobacterial
mass cultivation. Spiruling platensis was continuously cultured in the photobioreactor for 2
weeks. The production of the culture reached to total 35 g biomass/80 L, which showing a

successful proof of mass cultivation of cyanobacteria.

(5) Development of harvesting method of cyanobacteria
This study aimed to investigate an effective harvesting method for Spirulina platensis.
Eighty percent of S. platensis cells in the logarithmic growth phase were harvested by
flotation when the cells were set in a static condition for 2 hours. The optimum harvesting
time was about day 6 of cultivation. The flotation activity of S. platensis cells was enhanced
by the addition of NaCl. The harvesting of S. platensis by flotation is a cost effective and
straightforward method that can retain the algal quality. The optimum harvesting time of S.

platensis can be predicted by the cellular protein to carbon ratio.

4. Selection of high-value biomaterials from cyanobacteria

(1) Construction of microalgal extract bank for screening of bioactive materials
The bank of microalgal extracts was consisted of 616 samples from 154 strains. The

strains, newly isolated from nationwide freshwaters in Korea, were screened for their
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anticancer, diabetic and antibiotic activities. The microalgal strains were cultured with
different nutritional conditions that were divided into 4 groups as follows; a normal medium
such as Allen and GL, nitrogen (N)-limited medium, phosphorus (P)-limited medium, and N
and P-limited medium. Algal biomass was extracted with acetone : H-O (1 : 1, v : v) and the

extracts were used for the screening of bioactive materials. The extracts was kept at -70C.

(2) Construction of screening system of bioactive materials
Anticancer and antidiabetic activities were screened by the methods of Vaccinia
Hl-related protein tyrosine phosphatase (VHR DS-PTPase) inhibition and protein tyrosine
phosphatase 1B (PTP1B) inhibition, respectively. The activities were defined by inhibition
rate of dephosphate from p-NPP. The Antibiotic materials were screened by paper disk

methods with 13 bacterial pathogens. The activity was defined by diameter of clear zone.

(3) Candidate selection of potential bioactive materials
Anticancer, antidiabetic and antibiotic activity were investigated for selection of bioactive
materials. The VHR DS-PTPase inhibition activity was observed in 24 strains, having a
maximum 79% inhibition in AG10011 and the PTP1B inhibition activity was observed in 10
strains, having a maximum 97% in AG10007. AG10059 incubated in an N and P-limited
medium showed antibiotic activity in 8 species out of 13 pathogenic bacteria. As a whole, N

and P limitation increased the production of bioactive materials.

(4) Structure identification of bioactive materials
The bioactive materials in the microalgal extracts were investigated by analysis of NMR
spectrum data and most of bioactive materials were contained in the microalgal extracts of 6
strains, such as, AG10011 and AG10152. Therefore the 6 strains were selected for further
identification of bioactive materials in the extracts. The extracts was obtained by 200- ¢/ mass
culture and it was over 4 g. Bioactive materials in the extracts are identified by various

chromatography and spectrometry.
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(5) In vive, in vitro bioactivity test

Seventy seven unialgal microalgae containing cyanobacteria were subjected to screening
antibiotic materials under diverse cultures conditions of general, N-limited, P-limited, and N
and P-limited Allen medium. Total 280 extracts obtained from the 77 strains were
concentrated and used to test antibiotic activity to the pathogenic organisms. Among the
extracts, 21 were found to be bioactive materials showing antibiotic activity against diverse
pathogenic organisms. In particular, a strain AG10005 showed strong antibiotic activity to
Enterobacter cloacae KCTC 2361, Klebstella paneumonia KCTC2208, and Shigella flexneri KCTC
2008.

5. An actual proof of bioactive materials production
(1) Test of feed suitability of cyanobacteria biomass
In order to develop feed additives using cyanobacterial biomass, Spirulina platensis was
mass-cultured in a 200-L photobioreactor and its biomass was subjected to analysis of
nutritional composition. S. platensis was composed of crude fibroid 0.16%, crude protein 0.27%,
crude ashes 1.25%, and crude lipid 0.16%. In toxicity test, the biomass of S. platensis was
found to be non-toxic to Daphnia magna and fish.

(2) Feed additives for shrimp culture

Spirulina platensis was provided as a feed additive for the shrimp Fenneropenaeus chinensis
culture and its effect was compared with those of the treatments. Members of the diatom
dominated in the species numbers at initial culture period, but were gradually replaced with
those of the cyanobacteria. Major dominant species were Oocystella radiosa, Thalassiosira
eccentrica and Oscillatoria sp. 1. Survival rates of the F. chinesis ranged from 70 to 80% in all
the treatments. The T3 fed S. platensis weighted the most and showed 20% weightier than
that of the other treatments (P < 0.1), suggesting that S. platensis significantly contributed to

improving F. chinensis growth.

(3) Feed additives for swine rearing

Biomass of Spirulina platensis was used as a feed additives for rearing domestic swine for 5
months. Feed demand rate was 2.75 in use of new feed, lower than 2.9-3.0 in general feed, and
rearing period became 7 days shorter. Therefore, addition of S. platensis to commercial feed for

swine rearing increased economic benefit.
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ake] 7bE Aol & cyanobacteria® Ao g AA3ATH
4. vl ZF 2D cyanobacteriaZ B H F8&Z4A9 ) - 9 AFHE

=] 71EAd ABRAF AR 1999 )E 2709 dejolw, ofdl Wi dAHlE
19939 29wk g A] 200040 6 9¥ith g2 i F FAE o] J¥A AFAFE
A
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At} CyanobacteriaZ H-E] cyanovirin#} 22 3f, FAEZD A HAA AT EE
19 2 o4, FF FA% F7b oi®ch Cyanobacteria, VA Z2F-25FF phycobili
-proteins, B-carotene 59 MA AALL AAA A|FFEE 19 28 olgolH, e H
FollE m7RH Fopolrh. AAAF B FAGAL A EH|R Chlorellae] ANATEE A
AA AT RE £9 28], FuldA ks AEHe] FYFEE 20094/dew F4
gt} wAZF EE cyanobacteriaZ R AAEE tiEAH §8ERY ¥ R F3

HE AAFEs Table 33 o)

Table 3. Representative bioactive materials from microalgae containing

cyanobacteria and potential market size

s caga | FF | UEE |lxme ga|auwe
T A A5 N j%';é s 7+4
% A% k )
Chlorella Health food 100 25 25.00 >100
Spirulina platensis Phycocyanin 2 500 10.00 10-100
. . Glycerol 40 2 0.80

Dunaliella saling B-Carotene 10 600 60.00 10-100
Haematococcus pluvialis | Astaxanthin 1 3000 30.00 10-100
Botryococcus braunii Biofuel 20 1 0.2 >100

3 ESFES gofstr] Yebed, 19913 EE 20000834 23 1038 7F Journal of Applied
Phycologydl] B | ESAEE FHHoZ EAsAth 47 2AHE AR 9shd 7
AZF SEERIA A 1087 Ry 8 EFE & 587740%, 199030 Fute] gol
ExstAth 1990ddie] AZd wAzFY SdRold EXWMESELS Figwe 13 2T
SEREZE 854 E AHBAHED oyt HAY 281%] dPshe 1657022
7P gtttk 2 e FAEA oyl 194%F 114371, WA 2F Y w¥riE Eoprt

111%2 6579 st olole FAENWNEY] AL(0.0%), A= T 4N

M
Fir
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gg3te BolB85%), AFERZAE MEoH6.0%) 22 ZAMHAT 19909 104
7+ AEd vAzFY 3 ZypE E¥E Figure 29 2o dEo] 216102 HA €
373% =2 7} w@gtow, w=o] 2912 11971(20.6%), A AMA 537t %61 (16.6%)o2 £
AHE AT A FhEEE fA B, @Alel 95 A Hlay g2 53E B
S Atk 5718 WgozE wAZRFY 53 19%37A 4B 537 FE ol F
Ko 196 AR v 57t AA Frtetden okge AA 537 57
Holx 3t}

ﬁd
ot
uls
ox

o
tlo

F A, HAE COs F8EFE Agss V& COo A-d3
2 Mg 7% ANESAAFE 8l1zioln, o]F Zul3}stE Hy o
58471(72%), I ES o848 AESH A P FL&EF Aol 1277(16%)E A3
THE3 %, 2001). 322 CO9 AU3 2 Xrle 2ok SsadL 38 % A%
gtz wigo] 9§ olFAAHEE ¢ & Atk wEbA shE % AESE 7

wolo] niste] Mgl 2HHALL & & Yok

fu
o
i)
», o
oo
i
i
o

)
r
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9t
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Field

Figure 1. Percentage of each application field of the microalgae-related patents

(1991-2000). 1, Bioactive and Useful compounds; 2, Biocides and Biological

control; 3, Health foods: 4, Medical materials; 5, Feeds; 6, Pulp; 7,

Photobioreactor; 8, Cultivation; 9, Harvest; 10, Environmental research; 11, CO;

fixation; 12, Biofertilizers; 13, Molecular biology research.
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40

% of total patents

Figure 2. Percentage of each registered country of the microalgae-related

patents (1991-2000).
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Nl 4 & Cyanobacteria & O/M=F0| Cist 2Z2e] A7 =

0ol

(UPEL DR-EER

CO; HiEAo RN COol HESH n4L A7) e 255 CO, ¢ %
Z el £3d MEr2Tt 50 frgEE AN FEESol $5Eka, A%

el Hed HFY "Mool TR $AF ool gt Kurano F(1995)2 3%

259! Chlorococcum littorale 258 CO29] £+ 20% 4 4 g COy/L/de] & CO, 1L

188 BastAck A 2 32Z2d0ME YAS 7 2FFE 24T A9 9o
f oo

aldieria partita= pH 1, 50T, 50 ppm SO,¢] XA

)

3@ 7
iy

(Kurano &, 1995). AA2 ggddh wErtae €93, €3 Fo 40TE ¥X
B, 482 A2AFE W &7ty CO; FRE 20% o2 ZAMEUSEZR, ofs)
de xRFe AGA WEvt=e] AESH nd HY 08" 5 dva wvd
CO:8l g4 1R PANE TEsel CO, L e pHel i o
2 A8, 1Y% wFe] 7154, NOxth SOx 5 A7kl Bk WA, WaAd 59
4& 31F zrE cyanobacteriaz} 3 @ 3ot

&9l Rubiscolj 2 F7|g49 42 FFE5 S dAste Fag adelth

D

ot
4, HBANL =
=
b 3

ofd
o
o
bl

Cyanobacteria}l Synechococcus sp.2] A% % 7]FHCarbon Concentrating Mechanisms,
CCMsy Ui &3 4Ad] 9@ 7rlwie] Az ZHz 29 Rubiscor}
A% carboxysomelj ol A] carbonic anhydrased] ¢}3t CO, 114 FEAZ FTEIEH,
ool #oste= FAALe] B o] o]Foln n} ity EAMNEE ] wue SHEH] Yt
of 3ty e HAEF AAs AYEFT F e fFHRFez 2FF uAE
(Genetically Engineered Microorganisms, GEMs)2] 79Hg 71534 stk wabA =
JAZFH E2E cyanobacteriad] tisle] Bl iy 2 A WHE AMES
At 9% f24e B 2 484 27 52 Bapel Aol aid UAel e, 2%
How AAGFgo] =i Aol AT % cyanobacteria®] 7] i A7) £

3 ok

2. Cyanobacteria % A} ¥ (filamentous type)Ql Spirulina®] oj & wujj %
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AFE A B BRETETE ol&std CO0 w2v) 4%E Astd I3UE
SHA 354 BlgelA] 302 g dry weight(14.6 gC)/m’/de] AAHE] =gttt
(Watanabe®} Hall, 1995). Pirt 5(1983)2 #Iur|E 1dstd 2/ Hs=7F 20
g dry weight/LE S718le WlY71ES olF3oH, Samond Leduy(1985)= Spirulina
maximaE BHFFuHE 7oA chddguido g 117 g dry weight/L/d9] & & 4
o}

o

e A
H

3. CO9 AETHE 3143} A 24

o] Foko AFoA AMAHCZ AMI YT YR YA otF7tA HA&3E CO
SN2 gloy do g AFING A MEE AFFEY Mede e =A Bt
g3 gtk dalZ CO; THA 2L 2 TRAZ A HAAGARE 62077440 o8
o} 199739 9B mEI| oo IR 20083 FHE 19902 CO, vWiEHFRT} 6%E A
ZFe7IR b&slar, o] Rope] Vg de] Be xS V|goln Utk fEvete A
L8 %2 14,000 MWA RO, R BA4UYA 522 CO; nAA = o
3 FoE FEIGI gado

[

f

4. FA MAE F937] 2 wjdT Y A

FHY PGB DFHEC Mstel MFFA} BEtn AAste EAU] 2
5 AL AUD Aok FEA PAEY WMFS ARNE BLIACE o §HE COE
A FIHE Aol BEAoM, FFY £82 Iristy ARHE 3F % F=9
=47 HA3, LE2D, £F 193 JYARY 79 Yt 37 Fol Fusiolor s}
AN We712A Takano S(193) FHH BUS/NE olgFd WAZY 2FH

Emiliania huxleyiE 8YZt wksle] 43 mg/Lel ZvujAl wald dxte] A4S A
th &, COE B84 Mg oa AEste COE AAZed aHRH S BHAT
St Javanmardiand} Palsson(1991)2 347 A EWS7E o] &3t} Chlorella vulgarise
10° cells/mle] =2 wF3t v} Yok A cyanobacterial Spirulina platensis2] 8
Gl 8 A #4 B3ES-7)(cylondrical shaped helical tubular photobioreactor)&
o] 83t CO% F=7F 4%% A8 FVIE FFIAUA LA wFelA 302 g dry
weight(14.6 gC)/m’/de] Ao =234 tH(Watanabes}t Hall, 1995).
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NS v Fg X 24 Matsumoto 5(1995)2 Nannochloropsis sp., Phaeodactylum sp. &
N Z2FE e AL vERE o] 8319 raceway cultureE AAE] AiE AE
Fe DAARE AESY ol HAERY Aude 42 g/m’/d, COl BHEILE

2 54%, CO, LA S 48 tC/ha/yroln, ZHujkz Axlo] a3 EXHAL 8,900 ha
of 2t 531, AEE wF] Ay e 2FFT AT A, Fwste] wE At
£ W3t 5o oJyge] loenz 2Fo Ay ¢ JgaT T g 7127 E WL

EAANNY HHz2AE 9E 4 vy A"k Laws?) Berning(1991)2 shallow
outdoor flumed) & &% 729 Cyclotella cryptical W WlE7}2=§ o] &3l &
st on, EABEL 1520 gC/m’/dol Atk ool 2HE wieh o] xFe 4
Ae A #7802 FaF AL HINUAY o &, &, F¥EF &4
otk wehA  whgvle] AAA FE FHFoz oY F UEF se A WE F
Q3}th

FHE vlAEY diFdE 5 FEERY AAHAAAA s@HoF & TaT T
A szt AAZH harvesting'i ol oty wikE ZF9 harvesting2 3}

(filtration), 3] #3}(sedimentation), ¥.fr(flotation), centrifugation®} Z& B3 HAE&

28] o]FolxH, Lo u|&o] AxHAT}. 2} H(species)o] WE Eo]A harvesting®
W] 2 A Botryococcus sp.8F 2ol N A3teko] ¥& AL vlFo] wobd Ff#3t
= 2aAe EAQS F o]g3ld ok FAE AAHCE $£53F & de e 2L
HE & Qo

5. Cyanobacteria2 3¢ 852 ALl

Cyanobacteria @ wlNZF2EE XF7A ¢ 5004F ol A=A EZ] £
HuEoH, o] F 43 (Aeruginosin, Cryptophycin, Microginin, Nostodione %)¢] 3}
FEol FIA T gFFoze] AEE T MY, A A9 AFFToIH
Cyanobacteriaol 4] ~ $%&3%  phycobiliproteinse @ A4 FFALZA  FHA 9
phycoerythrin} 4 9] phycocyanin® 2 FEEW, 5§ AGA e}, AF 9 3AF 4
A 5o AR ). T3 Spiruling TR = protein, vitamin B12, B-carotene, iodine,
R, 2835 o AFAR FH2HE H2, FE T

|
a3zt lol ARAF] 2AEA AFol A ST vk 2/ AHF o8 o

v-linolenic acid &
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o

Sk i & RS R Chlorella, Scenedesmus, Spiruling 5o 34 54

Aol AlEEAN F8% deEdoe] " 4 g0l RaHUHBecker, 1986). Dunaliella

PAZ I SRR S
salina2K-¥]  P-carotene> o|n] AEF3lE a1 FHI}] ZHAEZEA, ZF(Western
Biotechnology Ltd, Betatene Ltd), ©]=(Microbio Resources Inc), ©]Z g} (Naturebeta)
SolAd  Ast Utk I AEe] B3 AWl arachidonic  acid(AA),
eicosapentaenoic acid(EPA), docosahexaenoic acid(DHA)2] A4tz @& Aol XX
3 e, FEZ27FQ Phaeodactylum tricornutum-& ZZHAE] 35% o]ibo] EPAR FAH
Aol BiEH(Veloso F, 1991). ool = 4T, AT, 47, dntelej=9f 2
< YA EAEC] WAZEF st AN 7 Aoz delA U AR A
EFE AEA ZIgold g3tradt 22 AN duE FEE 4 vk Carotenoids®] A
EROZ  Dunaliells sp.9F Ci-Cuo] EFEZAN diFdsEz of8d F Us
Botryococcus brauniiz} @ol AFEAch 9, 2321 A2 E kA B brauniiE vl oFslo]
G35 ag AAste] dAds g2 et obge HFERE Fhe AL EEO|AL As,
Cd, G52 350 AAHE a4E BYrh

B v Eol AskeE X e BEEA Pocarotened}  astaxanthin 5 9]
carotenoids+= Dunaliella®} Haematococcus sp.52] UlMZFo AZRFHS 14%9) o2&
TFERE EA3H, & AF71E($600/kg for p-carotene)o. 2 s} {83 ZFAYLL
242 FEHI Jlon, dFe AFoE AuHI Utk BEXFAYAQ] arachidonic
acid(AA), eicosapentaenoic acid(EPA), docosahexaenoic acid(DHA) 5% #49] ol
o, QA EA] TZFHQ Porphyridium cruentum-& & fatty acid®] 30%0]4-2 AA &
EPAZ Aol 4#A Ut

Phycocyanin®@} phycoerythrin 52| phycobilindl 4+ &Zu} cyanobacteriaZ ¥
AA BT F e ALE AF, AFY FAAR AGEdr ZidiEa o o] 94
= vAERESE AUBAERY FE24 dF #He] wobAA dew, gy @
A 43l¥ Y (algal bloom)e Ydo7]e HHEZFU cyanobacterial g o 2 ThgFgh
toxin®] 75 % o]E9] o] & i E Astar sloh

o]l = T2 Chlorella s %%*(Rotifer)-q AlE 2 o] 838}, heterotrophicallys] €
S FZFQ TetraselmisE "Algal 161"9} AxHo g ojujs] FA9 Algz 483183 3l

}.
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A3z Ay = s 2 &2

[x

Nl 1 & Cyanobacterial| 3%, 22| & E= J|=

o
I

L A&

Aol g wel Mg AR, AArtze e 54 A5l Aol SUHHA, =A
sto} Fstel o FRER AP FHsE st diy] Fo oldFEs, WETk:
o o2 wu|gtel AF Fde] 7% WS xS}

&

T oy 7HA 247 F

ol
rlo
i
XN
2
o
off
b
)
ofN
)
o
2
30
|o

c
N
-
fo
nv
o
i
P
)
&
£
Jm
o
et
ot
.
F

o
2
4
~
ot
"
_?L
=
N,
fr
U
X0,
£
o,
b ol
2
X
ox,
il
o
2

5 —Er"
o] 150l 158 ¢4 vl ZF(microalgae)E ol &3] ti7] T o]AFFLE HH
o] AU nlo] Q)2 (biomass) 2 A3 Al71E Wl @ Atvh st =3

Aol AW vl i 2E F8aA BEeE BRI AXNE Pl & & AT
=

4
of tg ATE FARAA AR 4T FR gPekn Aoks AdS @A HuA

Z5He Hjoke 194 7] HREH A& %o}  Faminitzin(1871),  Beijerinek(1890),
Miquel(1892), Molisch(1895), Benecke(1897) 5ol 93 %7] AT77F 23 = AH(Provasoli,
et al. 1957). 59| Helo} wjke] 7|Be AFete] Eopor e 7les 72E F
APAT 2 AR A3 =& Holgoy FA7 TERE 1 FaAol AstA 94
Hol W & AUE HolA HAT B MAZRY W) ANY TAE @

Pringsheim& 1¢] 4 “Pure Culture of Algae; their preparation and maintenance”
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© AE 3y

® Ax A=

© 2y A

FE A=

© AL A

© AAFA(FF9)e Aol B3 a7

@ Yefatd A

@ BESY o3 4 BN

© Atz AT

Pringsheim& E 3 o] 9]8F o]i}uj] x|(soil water biphasic medium)} @ ke]
H T 2RY A 71 R A4 FRAPT 28a del e aEa FH7t
d F5E ATAMEZ AMGEok ste R3S MM 2/FF ASREAEY
d% gatth A5 ABYAd d' AANA 7 LHE 2RF ABREANA
¢l Culture Collection of Algae and Protozoa(CCAP)2] &Ad] Pringsheim¢] o]d &%
A|Q) Praguedl Xl W ¥3|& Z£7{7E 7|27 Hdon, vlxe] dalzdg s

JE(UTEX)® CCAPIA Bite 2/FE 2o 9tk 27 wlds 93 WA

=k

5100 =

o
I3

Z
5

2

S

S

A5, 27e Awze] T4 A 2 ESFEAS JUhE A 5 279 wY
of Agg wjAe) Mgt Ade] WAPxEo] o], AR WHo] FAF 1950d o] F
E A5 AR A}k o] Aj7ld] 2R/ wjgel] disf

B3 dx38 97 AE Provasoli® & 4 9t} Provasolis= SR E
"ol ZA gdste A7 de AHEEI ' ASP-2, ASP-6, ASP-12 ¥ ES F9J

U A& 7St ch(Provasoli, et al. 1968). &l AMAIF g 49T nAHXHF ASHRE
dE= 959 CCAP, w9 UTEX, fEo] GZ2F& F Uyos 3le ZFxe
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Pasteur Culture Collection of Cyanobacterial Strains(PCC), 599 Sammlung von
Algenkulturen(SAG), Y¥2] National Institute for Environmental Studies Microbial
Culture Collection (NIES) So] glon, Fde FANEgwe sh=ta) oA z2/7L-3)
(KMCO)7 284799 mAzFEF Rl AHCCFM), 181 @343 FdaT

9 FAALYKCIO) TN FAHom wHzF AFTRAL FHhsn Uck(Table
4).
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Figure 3. Carbon recycle in the earth.
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Table 4. The list of microalgae culture collections

Culture collection Strains Home page address

CCAP over 2,000 http://www.ife.ac.uk/ccap/

UTEX over 2,300 http://www.bio.utexas.edu/research/utex/
Abroad

NIES over 1,400 http://www.nies.go.jp/biology/mcc/home.htm

SAG 2,213 http://www.epsag.uni-goettingen.de/html/sag.html

KMCC  over 1,000 http://www.kmcc.re.kr/index-2.htm

. http://www.nier.go.kr/nierdepart/ccem/infodata/index.h
Domestic CCFM over 80 . P . P
m

KCTC over 650 http://www.brc.re.kr/_KTC/index.aspx

gasidul RSP 2 Ao ALY He A FERFE FAHALE 9F 1,000
of strains®] APAZFE BAstn don, IHHEATHY vAZFST B A
Me FREA YARFE 40 oF 809 55, 28 AR Y Ay g5
HEF HZHE THELE oF 6509 FFE TSt den, o] Yol A¥E I

TP de d7H 2 FAAA F4 Fo uAERE EYste #dsa e A
e

O

£

Y
52 By3te AL 'pure culture(ZF=FW]H)"E A7) 93 Aot FZHFAAA w5H|
she| glofel Z& Ao A-99F oFzhe] Aol7} Yth. Pringsheim(1949)e 27 W
< EF 2 /MR fIew FEIAT

@ K.z % (Conservation or preservation culture)

@ zuj¥(Crude or gross culture)

@ = 3w %(Accumulation or enrichment culture)

@ €+ En) %(Species pure culture)

© A s %(Absolute pure culture)

©® GLHEANDY H]F(monocell or clone culture)

o 99 2ol 6 FHE EYste AL oy wEe dwrHoer © =

(Crude culture) @ ©<Zu]j%(uni-algal culture) @ -l F(bacteria free or axenic
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culture)®} 3GAE TR A T AFAAAE AAA NN uERFE Bt
Zujge WS 5ot ddF e vRFE wketa Esia o

nA R BEE 8 dAZA AMEEHT e dEAY WS st MY
(dilution method), %3] 4] (pipette washing), 259 5% % AL ol &3t= W,
1] A 22} 7] ¥ (Micromanipulator)(Figure 4), 27 ZAGAE ol&ste WY Tol Ao
Ao W F g 7hA Wyver FFEEt 4Fde v
Z5 Al Elolrt FASR 7] W] wA ddFuike ¢
A, e, ARGAAA A T AYgH 2AF 5& W[
(Figure 5). o]¢} & Wbyl W2 myxFo Jejet 54 F
3tny, ReEjstuzste 279 AR Aol disiA wlE zAbste] ey, #iA,

|
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Figure 4. The photograph of a micromanipulator that used in this study(Oh and Rhee
1990).
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Figure 5. Axenic strains of cyanobacteria (Anabaena sp.) treated with lysozyme and

ampicillin. top: bacteria contamination, bottom: bacteria free (Kim et al. 1999)
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2 welg WAz AR
Ao S HA = 2 A PHERE
529 29 ARETIE WO ol AHH 54 e oGP 2RE Tstn 3
= 59} A Z(benthic algae)?} 2HAY Z(epiphytic algae),
2xe] 82 B Aegte 324 1A X F(thermophilic algae), 314Fe] 3 =
9] B EAete WA ZF(cryoalgae), Wi 2L Eofolu} At e A A| A
H83e EYX(soil algae), ety 53], AE] WA AN LAFE 7]4dZ(aerial algae),

=it
rr
__9&
o2
o
b

B>
o
i
ol

& EHaEL
NZHE B Yside %A E Y E(plankton net)S AME-3te] FF3te F33
o 2y Y EFAEY o) $Ae) A BEAR Az HFF HEEFAE U
oz BEA HxdME AASFT B7] W2 g’ vvkA 528 sk ¥
. 23 E YEY F% APguAse 279 27¢ gt AP AS A3t A
£31=d, ZAF2L No. 12 = 0119 mm, No. 15 = 0.094 mm, No. 25 = 0.064 mm %
o] ot} HT BL B/l IFHT & nanoplanktons}t - nHZEF A-gdde vt
£4] AJ47|(Van Domn sampler)& o438 AZ#Fo] ¢ EE F55 A5 494
oA AAEY7E ol &3t 33t}
AR A8 sEPoEE oAy, A, AW, B AR T4 ol A

rlo
off
k1
fru
i
i
i
L

n
B

{m

o 50| i AR Ao ANRLES AHE @ vlE 3,000 rpm AFM 58 A
5% uAzRe =7, AZTE $959 5¢ ndsd Y48y S58 e

2g 713 v RFE AXAA Edd B8t 2 F& IS o
o= o] aRFolth A Fo EAse AZRFY cystE Eelsr] Al
HE AU7E olgsted AR A APsordtt AF FHAA 2 em Hol7kA S A
AL AHse] 25w 150 um FE9 FEHEAE o] &t EHNA E 2o &
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3. vl A7l WA

piig
ol

i}, 195043 o]
FFaT4 A E(auxotroph)

Ao

]

o

al

A E-(autotroph) 2 &

UAE o g

l Zol dEAL I RE uNEFY wddel] BE FIad 7] 9

SELELE
WjA 8} 2ol

e
| I

%

Bo

3} 7]

=g 37

%

5+ HiA1e] 74§ Provasoli & Pintner(1959)%°] /N3 AFeel 7]

d5z

BN

2ot A AMEHI

A
gJ

e

3f

ol ZAhoA B

o

up
E
N

o] mlAl
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1

._OL
-0

o)
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A7g sfof ok

=1
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EEERUE
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3t
5

]

72 9

7t 7+

o) FEsh Fugelng vl 7t 74 R

7199 FZF&d(stock solution)g FHEojA] WA B

P w2 2A A A

3

of pH o wet tris, HEPES, bicine 52

PN
T

ah

)

3

+

=
N

e

o
)

=]

FHoZ HolFAY, dHFIFL 5]

o] &olsttt. et e oed v

%

dutF oz pAERE AAuAGAM

=
T

1t} M Z2EL 14 WX

ot

=AM AR

3
T

Y A=) FH(agar)S 1.0-1.5% HE=2 Hojy uYAF

O A
= T

st A Y, agaroses} 2+

te] Ea

3]

A, agard] FEF WFEAY, JFAH agarZ B

131, glass fiber filterE Al#-3le] B&ES

} 7] =3

3

X

AHEshe Y Fol At

Eﬂ‘

Table 59jA] A7)

=
=

of AHgHI 3= A
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o AAE HRe 2 vAZ2F EEAEY FH o)A (Table 4)o] Eol7bd Thgg FHe

w7 2o giek.

Table 5. Composition of media for freshwater microalgae

Allen medium (pH 7.8)
Constituents Concentration (g/L)
NaNO; 1.500
KoHPOy 0.039
MgSO,7H.0 0.075
NaxCOs3 0.021
CaCl 0.036
Na;SiOs9H:0 0.058
Ferric citrate » 0.006
Citric acid 0.006
EDTA 0.001
Microelement Tml
Microelement stock solution

H3BOs; 2.86
MnCl,-4H,O 1.81
ZnSO47HO 0.222
Na:MoOs2HO 0.391
CuSO4¢5H:0 0.079
Co(NO;)26H0O 0.0494
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E Fodste 3L AV ok 1 EE S0 Wy opld nAES AFEAE
T Ae FAAE AR W disiME Arh Stk 53], vjAE e Ay
FA B o] peptidoglycanZ o] §A4& A3 ete Blactam A Ee FHES AME3le] d=x
A% & F71E 5 dtoA vBES wjde nAEL] AZEEo] EdetA doju
A H FAA Azd F4 Aslsez dstd wAEE] AMEA Huh 539,
imipenem?] ¢ & B-lactamA] FAA SR €53 axrt =g

B3 2HE LA ¥EE Te A LEEHA FEF BESHAof §tn, o
Azt doAjdle W AHSE & JARF @ sojof gt A7AES] ATl o83
EHA 723 A7t FEHEY 24He

nAzEY ATRES N A 1A 25 o4 2 Ayl A
REFFES BUFAT 2 H2 So} nARS AVRE Sl FANE 9 FAAE

AANAE FAZERF] AFRERHOZ A% de) A8EE wyo] Avha ol
Aul kol = F70] A= AlE HA(screw cap test tube)S ®o] AFE33 gleon, =
Fxo] wep AAHA, FHAREA, AGRANA 5L ALEFT) O] BLEF)
PAA g2FE gutdoz SaARuAdA F AeA 2eg. mEA ol 2 w4
2FE AAMAE ol 8314 A WL Sk AYEEL o4 T vy
ZA% WAA o 1 £ AF SAZRAGNAN wF gL WFEaR

Yo HERPOE $7 U o4T WX auE RESE Fol bg Btk o 44 A
e

—-a.::‘f

s2dx 2 F2AYe EF ZAf(ice aystal)o] MAAH AXY HFELY ¥z Fo2
Ao E4E dele Aok gy Hage $48 s E 2dd x3A A
@ Ay nNES 23T g2 AEo A sZARARY WS vehi A
AEE Aol gzt ol e T4 2 FAAXAY IS ol &dtd mAlRFY A&
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7NAQ HE st B, vlx Fo ZFH BREV|FAME FEI] ATE XNET An
A= dF vAERFA W F7] BEC] 7bestA = Ak (Figure 6). 45 wlAEFl
e F2AAY R FEAPEAY F 15Y FY AYES 2AHEAE 9FFH 2o
Anabaena®] 735-9l= deep freezerd] TZAB A A|Bo AAEL =4 Ugor, AA4
ZUeld 43 Afde AE Aol =HA Gtk Oscillatoriad] 735, B ZAA

AP &S Vet 53] dAFdLelX 2% ARoAMe DMSO9 BRI A
7F A vettth Microcystis®] 7%, BE TEARELZ 1WZ BE FoE 0% ©]¢e
=2 A es vehlilen, FERIAY A7 F5o0 dugle] A =& AdeS Y
Btk metd 52 49 dE2ERY AUREYeE FEAxHRYE TAREWY

5

p-m]

AE 7Hse e g Alg®Et a8y Aphanizomenond] ZA$ole FZRAZYH 2 53
BEYAME 25 As AAEHA gl o] mAzF g Fr] BE] BilEd AL
2 eyt

472" (Lyophilization)2 44 Aol A &3 21 99 &ulj7} S3tel os) AA=H
T A e ol &80 SAURE AR HFE, HFEY

FE AAse 22 Az 39AE FAET. xR Ffele F2dRA A o) 2
9 ool AT F e AR ¥EAth 402 ¥ AN BAF £AE FEAL
Ao o]2ste 30T ALoA wWgd AAZA FRFE Z2Fd W F23xH4
o Aol e Aol WA FHREXAZE milk solidsE ARE-3 A9 M FL&
Hsass vl

7. AFER

Figure 7& vl zR9 3 ¢ £, 54 dg s&5=E YA wAzF #
g5 A% BEARET F 634 22X SFAHGER, ddEE A AT 54, 3H T
o] @A a3 sHH(Table 6). W 43 BA]R ZRE plate streaking, capillary

]
pipetting, micropipette technique, micromanipulator ¥l 2|3 cyanobacteria % 7] 4]
Z27E £FEISAT Allen, MA, SOT B¥AE AXH F A8 50 YIS streakingd}
o geHolA 257 vl & A3 cyanobacteria 2 PIMERF = £ E d7pA 2
zzoM 238 A wFstgleh. o] ¥ FE 100-120 ymol photons/m’/s, FF7
14L : 10D, &% 25-27C2] ZA sloA vt H ).

flo
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Figure 6. The recovery ratio of test strains after one year preservation by

preservation methods.
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Figure 7. Flow chat of microalgal isolation from the environment.
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A A2 34, 3H 50 2 HE cyanobacteriaE X3t 1x3AR ] v A EF 251
strains®& 3R 3 o] & 23R 1609 strainsE F7F FRIG T, 3xpd =z 909
strains® 3R 3le] 1 @A AL 7IFE & 500 o strains®] PAZRFE FHIFHTH(Table
6). EHFE nARF = Chlorophyceae7} 23 Fof 209 strainso.2 7F¢ Btow,
Cyanophyceaet 18 % 178 strainsg 3R &Gk & 77] EFTol &3l 84 strains&
srstgon, FAZA FRHHA F& 38 strainso] ATt FRE vMEF= 1.5% agar
slant mediadl] HF ¥ AlislHA 18T ¢} 25T 9] el #Ar] REST AT

Table 6. The site of reservoir and river for microalgae screening

Number of
Times Date Collection position Remarks
sites
1 2002. 6. 16-17. Chungchengnamdo 19 reservoir, river
2 2002. 9. 23-24. Chungchengnamdo 19 “
Chungchengnamdo,
3 2003, 3. 24-25. 8 & 19 v
Junlabukdo
Chungchengnamdo,
4 2003. 6. 16-17. g st 20 “
Junlabukdo
Gvungsangnamdo,
5 2003. 9. 23-24. yungsangn 22 “
Gyungsangbukdo
Gyungsangnamdo,
6 2003. 11. 24-25. yangsangn 25 “
Gyungsangbukdo
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Table 7. Number of isolated microaglae strains

Taxonomy Habitat Capacity
Cyanophyceae Freshwater & seawater 178
Chlorophyceae Freshwater & seawater 209
Charophyceae Seawater 23
Bacillariophyceae Freshwater & seawater 45
Chrysophyceae Freshwater & seawater 2
Xanthophyceae Freshwater 2
Cryptophyceae Seawater 7
Euglenophyceae Freshwater & seawater 2
Dinophyceae Freshwater & seawater 1
Rhodophyceae Freshwater & seawater 2
Unidentification 38

Total 509
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M| 2 & Cyanobacterial| Az| - ME{A EA HP

L A7 433% B339 i3 N sourceo] F3F
7L HE

A vAzR T AR AFeR AESE IRIMA MAER 43S 2 Y
= L Chlorella2 2E) FA7E AU, A2 Fujzr 53 9 =
TFQ Spirulings @A) shako] AFgko] 46-71% = uj$- Eow, GLA, phcocyanin,
myxoxanthophyll, zeaxanthin 5 ¢r2]&8-& Yehye 38 o 3t 9oy,
3] &9 toloEd 94FE wXe £ rlinolenic acidE {3t oA AAR
ZAFoE BHY dde] Ha gk =& Spirulinas £ W] hEEa, 124
(35-37C)°lH, 5472 (pH 10) 2.2 vl ujoko] &olate] A MAHoZ th9 7]
dol kel Fstn Uk HA2 v|=Fo] Earthrise Farmso| A& % (pond) ¥l 4S 3}
o 360F(1995\)e] SpirulinaE AAEIH T, o]9jolE® Cyanotech Corporation(USA),
Ballarpur Industries Ltd(India), Siam Algae Co.(Thailand), Wuhan Micro-alga

%
£
Ne
I
g
BN
o'
of
rok

Biotechnology Company(China) SolA % @& 9] SpirulinaB2 58 AFARZNE, HF
a4 54 WY, Bulska Aok

v Als 9 oy
2 AFA AME-E Cyanobacteria® Spirulina platensisE o]-&38tgrh HEE SOT #j
Aol WAUOE HFLOKNH,N), D2FA(NOsN), o}d2A(NO-N), &2 ((NH).CO-N)
S 77 150 ug N/L9 T2 7 FAoh vl 25+ 25 + 1T nF3g e
o, Bg F7] 93 AGFWZE o] 48ho] 120 pmol photons/m’/s FEZ 14 AZHE
T3 10AZE2 el 3o APtk dAF AL AT wiFde
GF/C 2HE o]&3tq AxE & F 105TY #Ax7|A 445 A% A F &
AE F38Ach F/71gaE4 7|(Total organic carbon analyzer)E ©o]-& £

4 (Total inorganic carbon)& 2435},
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7t AAY 2 Hol AFET Chlorophyll a9} A4 £3ke] *o]l& Table 89 ERY

At} Chlorophyll a2} %3} Chlorophyll ao] 71%3% A AZEL ANES diddow

AR A S 109 Foll 7HE w2 g Bk dAEE ngeE g HAd AZE
7

< ol ARRSE AS wg 3Y o HoXE RAoh v AR FY] Agd= of
AaEs Ao AR A w169 Fo 2,683 mg/LE HWAE Ve sich 23
Z o 2 Chlorophyll a2 7] 913 AAaPozE Aol Fon, AXFS A7) 93
Argoze opdidoel Edth AR SpirulingZ W ¥sl7] A3 dage AN
7 oA E S ol &dte Aol & AoE wuHDh

Table 8. Maximum specific growth rate (Chl-a or dry weight based), Chl-a

concentration, and dry weight of Spirulina platensis with different nitrogen sources

Parameters Sources Days after
Ammonium Nitrate Nitrite Urea cultivation
Hmax (cuy (d-1) 0.412 0.594 0.475 0.297 10
max ow) (d-1) 0.673 0.717 0.747 0.760 3
Chlpax (ug 1-1) 1,090 2,096 1,947 1,763 10
DWhax (mg 1-1) 2,517 2,567 2,683 1,717 16

Figure 82 Spirulina ¥]F AJ7tel] wh& vk o] ghhol A9 T&
32 HAEH. dEYCE Za9oR AMEF Ae Bae WY I U 3719 4
d W&ol wjk 10U ojFol= 3 uZPE BATh AT @2 Spirulingd
AAF Aolo] 95%e] FAHL 74T ABBATL 4 PSATHFigure 9). WA ZRE A

T FEEE Bael G ARG WhHE Ao FhT) SpindingE W FEE A
8 OGN Hlge 233 A% zslde A4 BE Iolzh A g ckFigure 10).
T} w10 AFolE CN Hlgo] okzh Zrbatiek oot 2& A o @e] A

2 ey ve g ny gRolgtn 47
ok Wi Z1AEd WA A o] ke g Ao Hol WiAE 1Astd
g27t Uee A 2AE EriFigure 8). ¥k 169 o] ZE CN H&o] F743] 713}
e ol dadol 1= vehte d4delsty A7 En.
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Figure 8. Changes in carbon and nitrogen concentrations in medium and dry weight of

Spirulina platensis with different nitrogen sources.

...70_



3000

“a
V4
“/’
S, 2000 -
E
=
K=
2
> 1000 -
0O ® Ammonium
o -——— Nitrate
A—— Nitrite
0 A esesevens Urea
0 500 1000 1500

Intracellular carbon (mg |'1)

Figure 9. Relation between cellular carbon and dry weight of Spirulina platensis.
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Figure 10. Time course of C:N atomic ratios of Spirulina platensis.
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2. Al =R AT FgA did CO0 IF
7k A2

ARtz o " dH A} FANA AMEEHE dEs Add Af7 ot ojg 2
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sto] AFSATH HlYAY 25E 25 + 1T nRsgen, ¥4s F7] Yax 4y
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1
o
5,

>

NS FroA vl A ES AN AR FFHORE 9
E7F 007% 74 A= SR HoAE olsteA] vt St we 4%
B0 AEF T7Hs] 007%9] olitsleka FxoAM Hughs Aoy, 1.0%9] o]t
FrAME AFETN HEF] HAXE JgrH(Figure 11A). Spirulina®] A&
&E&F7] @4 (Dissolved inorganic carbon; DIC)¢] Hxo] 93e was & & it
(Figure 11B). o]s} Zg AdE 007%9] <]itstersr wooAs Bl ATE FFH
Ae 3718 Fog FEIHO, 0.01%9] oiksietie] ¢
] cyanobacteria®] A o] HEQITh EIF 1.0%9] o]ideElAs TR dixE DICY %7}
50-60 mg/Le} Eo2 A FAHAT dnkH oz FFHAAE ojisterie] F
=8 ¥4 F9U oigeare] §8&E 30 gEA oy, 1.0%9 olaslegiE
drole #=d DICH oJaix FFo ANE LTS st 18z T3
B 717k el EAlstE ol ibsteae] o] 4-16%0]BE IAMFY dLHo R A3
Aol £ oz Addrh FFHARE ol iksteart wlX Fo HolEojrta o)At
sheta o] s AEFY Frt2 HIE S ISHTE 3 FFHAE ojitd}
T T FIEEl whel miA] el Fae] FErt A . olE olitsigae]
g37E S7bstel whek A4 AdFe diAbl HAHE AL UshiEg wir)riauge
AaE AAS e 98 SAd 3T = e Fdo] Ak
Chlorophyll aol] Z7+gh ZF4d &&E B A8ty PI F4e 28E 23} 0.07%9]
OIS AT FFT AN ARG BYtHTable 9). o9} 22 AB}E MicrocystisE
0.035¢F 0.07% CO»9l ZoA] uj<k3t A3} wl$=3tA 0.037 0.07 %CO» Atolol B34
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Figure 11. Growth (A), dissolved inorganic carbon (DIC) in medium (B) and pH

(Q) of Spirulina platensis under different CO, concentrations.
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Table 9. Maximum dry cell weight and internal carbon and nitrogen contents of

Spirulina platensis grown under 0.01, 0.03, 0.07 and 1% CO», Standard deviation is in

brackets
CO, Maximum dry cell Total internal C Total internal N CN
(%) weight (g/1) (mg/g DW) (mg/g DW) (atomic ratio)
0.01 0.2 (0) 433 (+ 35) 109 (+ 8) 46 (+ 0.1)
0.03 1.2 (+ 0.01) 456 (+ 21) 72(* 4) 74 (+ 0.3)
0.07 36(+ 01) 564 ( + 27) 70(+ 3) 94 (£ 02)1
1.00 0.12 (= 0.01) 105 (£ 5) nd* nd

*nd: not determined.

bt
o,
off
el
i
2

A o|AkslErAa o] ko tiste] W Rwo] WE short-term “C-117 3}
7t AzFA e C-aASEY FArhFigure 12). o9 & ole wAYE {F&7
EEE AT @A nH) o] &Y Wt 1% oI ELE FHT ATE AE
3, olikslgao) & AAF JFe G SE7F ¥ AHBAE B HFigure 12).
T oldstgAe] <ol 0.03% 0.07%ANA AWEF Xpol7}

i

o= A% AF7
F <t cyanobacteria7} DICE ©]&3le S xtolzp l7] wWiiEolth 99 43 2dxRE
weo 2 Spiruling] Hul 4FEF FFAES 47 dsME FEFHe CO9 Fe

007%2 s Aol 2& Aoz WA
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Table 10. Photosynthetic parameters of Spirulina platensis grown under 0.01, 0.03, 0.07 and

1% CO, concentration

CO; a (mgC/mg chl Pmax (mgC/mg chl Ik )

(%)  a/h/(mmol/m?/s)) a/h) (mmol/m’/s)

0.01 0.023 5.59 245 0.940

0.03 0.027 5.58 206 0.847

0.07 0.027 6.09 222 0.781
1 0.014 442 316 0.943
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Figure 12. C-fixation rate vs. Il - ¢, indicates the internal carbon content, while the linear

line represents y = x.
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3. Cyanobacteria®] /% 2 1A a8 =4
7t dFANF
FAA A cyanobacteria(‘F2 7)o Y-S dnA4 S Folo e How s
AHe Wi FEF, AFE 273t FYgolth
o £ APL AT g4A o1, s dsx
23t} 165 rDNA F38AE o] 83 BAYESH WHL 33 A=
Ao w8314 AMRE T gk 28y 165 t1DNA §AxLe] 7
A W37 wWEel S(genus) 7He] FE-E 7SR F(species) HlAE FEO] o
Ho. 53], @3 (strains) 7He) FEo A& oy Rurt 2ok gy, FAEAE
A HAE BlE AL 2 EAEte 92FE 43 wEA 27 99 A8 R IF
7t AU GEFY 24 BEHE 95l PCIGS, RuBP carboxylase, nifH, 121
rpoCl 5 A8 7HA 715 A9 PCRE F3td FEFE HEo] ol &HUT diF-E9

o]

-
ol 22 d+e i HEFHY AFER 47 THE w51 A% U154 #
o
(s}

A& % phycocyaning g7t FY93tA EA&ch A cpe-BA F329] PCR F
Z g o A4S B 83 ASERY GxFY g e d7E AR
RTAIL=3

B A7 82 NEe 40 AFd EAste A AHS GE ddeR
st 2003 79 2792E 109 47tA dEAdnAoz ARE AFsgd. A5 ¢

ZHFEZHE genomic DNAE 7] 98t9 G-spin II (intron, Korea) kitg A}-3}ith.
cpc-BA 7348 PCR FFE 93k primere] A2 1319 GeneBankollA] €2 thuFst
GZ2F Y cpe-BA FAAES ClustalX programg o] &3le] BEE RES Zgkon, o
E vlgo 2 primer(PCIF9} PCR)E A Z3dle] PCRE £3}9] cpeBA-IGSE FZ 3}
olwf PCRE] ZAL 94ToA 30%, 55T A 30z, 72T oA 30x wH-$-S 253 wHE3hd
U338l H Y. PCR - AHES T-vectoro]  cloningsle]  Escherichia  colidl] A3

(transformation) 3t ¥, plasmidE HFobx] F7IMES AUt o9 22 H7IMES nted

et

[=X=1 Neighbor-]oining Z2aPE o]g3ld AFEE 1y

79 cpcBA-IGS #§HAEE $E 317 98 primerg A 37| $138te] GeneBank
of $5% 3004749 cpc-BA FAAE ol & HAH\ HEE 2o}l primerE A A S
th peB SRR G2 BE 266bpol A 72%9] SAIEES 7FAIL Q7] W) ofF
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Z BdEo] QlorZ primerZ vl-$ £ RRolgtu #erx o] PCIFY primerE vHE
Atk PCIRE cpeA fraAte] N gk Ri-& deste] 954tk PCIFS} PCIRG o] &3
o GRFM AFHez ZFEZFo] ¢ 450bpe] PCR 4HEo] wEo]xde syt
(Figure 13).

AR GHE A5 peBA FAAY AP dolny] 915t oA TS
%1 primer (PCIF$} PCIR)E o] &3t PCRE F83tQth 179 A8 = 449 A2
PCR AHES Lt} o] PCR AHE-S T-vectord] cloning‘é}}l E. colid] A A3sE. 2zt
AlgoAx 2 AR = E coli 5008 /MR 88l plasmidE ¥y, d7] AE&
#Ath PCR 4HE9] opcB HAAE o g AZREA S $335to dendrograme 1T}
(Figure 14). ZV]FA X, Microcystis-like Z1&(group F)& A g 6742 18 7]&4
A FEASE 95-70% 0 FAIRE 7R3 Qo] Wi sigda dgEd. a2y o] F
group C, D ¢} Ge= 8%0]ste] fALRE 73 AA Age A= vty #dd
t}.

FEFAMTE EASE cpeB, cpeA FAAE o] F3THA WA A 2GR
&4 AECAM wWED F4A $2FE S £ e AE FASAT. =3 dnFge
2 7R ¥ 09 TEET ofye} 7} strain Alel9] e Ao|HAXNE RS 5
A= 7 JAHQ wyolgtn AZEcth 2y e dEFe e 2130 AR}

L ARE slof gttn AyzHE.

o

rSl

= =

rlr
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500 bp

400 bp —» «— 200 bp

300 bp—™*> <+— 400 bp
¢ 300 bp

Figure 13. Photographs of ethidium bromide-stained gel showing the amplification
products of cpcBA of strains of reference cyanobacteria. [S: Marker, a:
Cylindrospermopsis raciborskii (AF426795); b: Arthrospira sp. (AF426792), c:
Cyanobacteria sp. (AJ401168), d: Fischerella (V) sp. (AJO03181), e: Anabaena sp.
PCC7120 (M75599), f: Nodularia spumigena (X05239), g: Thermosynechoccus
elongatus (AF101444), h: Synechocystis sp. PCC9413 (D13173), i: Pseudanabaena sp.
(AF068771), j: Calothrix sp. (M99426), k: Fremyella diplosiphon (M36276)].
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1 Eucaryotes

r-—.:—_—;] Eucaryotes

Pseudanabaena
Group B {4-29) .
sroup ci2-3) | IV or Unclassified

Calothrix M
— Eucaryotes

L SynPCC7902(7330213)
r_{E'_Sﬁ&ccccocus(173054-2!)PHCB SYNE
Synecoccocus(130045)PHCB SYNY1

SpirulinaPCCB8313(10303347)
6635807 (Planktothrix FP1}

OscillatoriaPCC8304(10303341) .
trichdesmium Famﬂy l"
—1 6119595(Planktothrix )
10302996(Arthrospira)

Group A1{3-51}
Group A2{2-523
SynPS675(7330186)
SynechococcusPS721 PSE73(7330132)
SynPS716(7330177)
Group A3{3-26)
AAQO37115)Synechococcus MW7
SynechococcusMWI7C4(28274935)
SynechococcusPCC7943(7330222)
10303338(Oscillatoria)
Synecoccocus{130044)PHCB SYNPW
SynechococcusPS718(7330198)
Synecaccocus(130(

Gloeobacter violaceusPCC7421(35211748)

10303245(1xid129981)

Group Ft {220
Microcystis novacekii{33355791)

Group F2 {3-36)

Unclassified
Microcystis aeruginosaFACHB-936(46405482

Mcrocystis viridisNIES-102(46405478)
Group F3 {2-48)

L

_[: Chroococcus
SynechooystsPCC6803(16329824)

—— Group G1 {421) Family iil
Group G2 (4-9)
LyngbyaPCC7419(10303344)
Anabaena
NostocPCC7120(17129873)
Nodularia harveyana(15055152)
149782)Fischerella cohn
Group D {3-59)
Cylindrospermosis raciborski{ 20142271
Group B {4-30}
Aphanizomenon(11121429)
Group B2 (4-25)
AnabaenaKAC16(16580113)
Group E3 {1-30)

Family IV

0.1

Figure 14. Distance dendrogram of the cpcB gene, including groups isolated
from Daechung Reservoir. Translated protein sequences from clones were
used for phylogenetic analysis.
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. CO; 143 & F4
334 (photosynthesis) FlA &9l W& 5 (Cyanobacteria)®] o]ibsteba 3143 7]5-&
| 9 CO9 Aztat FAld F¢EZH, FAEE F RV Ao BHEAES B3
AAA FIMAE FEST. ol AES o] &T AETH CO9 142 2%
48 9 F Yoy, ug AEY BEFH gAIEL AYHORE F83
BHZA o]8E & Atk 53], ojitstdre] AETH Agrlse Aee BFA 7
q

ol s Ayl $9 oM eAE MEA o F71EZ A EHF(Bioconversion)slE

7

o
o
o
&

Aolth. CO; A3} E& FHE 8t dA YeEHdRe], MEdE SOT iAo w49
o2 7k2A AHY COE tudt w58 3o 279 4ol 03 vol/vol/mine] &HEF

rr

Spirulina platensis®] wjokel] FFsghc}. oo w2 AFEL AN A7 FFHAAE
olstgae] FETF 0.07%7 A= ol4hsieka g 7t et 4FES BEF
& F7h8te 0.07%9] olitstEd FEoA Huighs de, 1.0%9 ojitstgs

dqMe AFED YEFE Fe oz eyt dutdez opilglgidd ¥EE ¥4
FH olitstetAe] &8 FUMEth A dov, dAFEE 01’3“(1.0%)91 o]ttt

N
Lﬁm

FTHHAE olggae] o] thate] el Axo] W short-term “C- 437t A
ZFA g CuAsEt 2 Ade ANE 33 £35S AT @29 1A o
EH A7 oIt 53], o)ibaterao] FETt 0.03%9F 0.07% A BEF Aolrh 2
ZolE Yehd AL A% AF7] £ cyanobacteriazl DICE o] &3l Fgd Aolv}t
A7) WEoltt. wEtA Spiruling®] Hd HFEHR FHALES AT HET ot

TE 0.07%9 Aoz Vbt

_83..



Ml 3 & Cyanobacterial| CHEZFH{QF 27X A+

1. FAEWE7] A4 @ AF

MAEFE o] olitsletho] AESA nAst % ojitsigtid] APRE A
29l #AEukg 7] (photobioreactor)e] AA 2L AFto] HFAHYA aholth FAHETET]
o Oapele AT B =AY il Hu gtk iR ZRAME ANE g
o] el =EHE MAEFo)AY drid A =&HA e HAF A2Fo=
oAl Hojop @vh F3E v 49E A vge] SN F2 A A
2o A o] RojFh HId HAHY FAENGII fFFHez FaFd AsEEA]
AFE S8t B #ale] diide] Ha itk 53 A4l osixe o & gle
BEAE MANZFERE Q1A & W] Bert agsieh v debE o AREEE ok
Aol HAH FBAYENLIE tubular(Pirt et al, 1983), thin panel(Tredici and

S,

Materassi, 1992) 2 flat plate FA) E¥+-37|(Ratchford and Fallowfield, 1992)o]t}. <%
Ee Ul Sl AAE ddE FAENGT] =8 A Aol AxRHL o o A
o] z2o] glojA] wigFrle] zol, Wel g, &R, wiAe FFH T, WS T
A, A&k, WAL E T EPuSF F), AEFY v, 279 Ax, 3F
AAY dE 5L Fa3F A&y € Aoy 2 TI & AN iy HHE
o] F7] A E wide] tide] HE ulAEY AelH 5 o R dHUra A
A3 ok FAEWE71S qite] SlojA dgiME] g Lo o842 B AAE
FAME 7P Fo5HA e ojor & Aolrt.

B A7eE B a7Ad g3 24 AFE 200-L FAETNSIY wEAd5E T
7171 9% A - B5E AASE, olE uAEFe widd A& EAANRE HE,

CO, 1A 3} % biomass AHAHAE ZAFSth Cyanobacteria®] ¥l k8 A AJ3 in vivo

)

fluorescence, chlorophyll a 3%, F#AZF 5& B3 YFEL ZAIFLEZHA &5, 3E,

F7IEAHEF 5 UEegAle] EAE S 2gsidah

Figure 1561419} o] 200-L FAEWE71E 93 ojzd o A=Atk gi
Qo] TFE dolPx @ Fuo w2W TR0 Wr2RE TIUEES Atk L9
g EFe viEe] AXE 429 ofoj2Ee] 93 o]FlAL FURIBL o] &3t
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Figure 15. Schematic diagram of the 200-L photobioreactor.
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2. Cyanobacterias) Wlg4e HHs 2 md N=d ARL A2 )
¥4 9T+

B v EL HiYS fEiME dadoes ofHE COE AAY Fadste 2]
xHoln, FFAH £&S Sy siMe BF 2 229 A HHAS, 22
d, £ 283 dEERd 28 de 3H ol FuHoor doh AN weIEA
Takano §(1993)2 FF FREE7IE ol &3t GAEZAH %

b eigete] 43 mg/Le Zul A AN At Aiks AT F, COE EE49
Bz HEse COE AAsted aAHYS 2tk ¥ Javanmardiand}
Palsson(1991)2 #4d-f AERHE7|E o|831o] Chlorella vulgariss 10’ cells/mle] 1%
2 wjoke vb Ak AMFE cyanobacteria?l Spiruling platensis®] v Fel] Y53 U B4
534k-8-7](cylondrical shaped helical tubular photobioreactor)E ©]§3l CO¢ %7}
4% 738 BB TIFIAA 384 djdlM 302 g dry weight(14.6 gC)/m’/de]
g o] =g3lgth(Watanabes}t Hall, 1995).

AN wFFXZA Matsumoto 5(1995)2 Nannochloropsis sp., Phaeodactylum sp. &
HAEFE StEEHLY MEILEE o] 835He] raceway cultureE AAJEtY Atd A E
Fe wAARE AHESATh oW RAMEFY AN 42 g/m/d, €09 HHOIEE

£ 54%, CO, A HF2 48 tC/ha/yroly, ZF B YE X0 a3 EXHAL 8900 ha
o Zatdct 53], MHE wde] A e /T 93 14, ARG fE ALY
o] W 59 olggo] sleng xH Ay ® YL Foll A N2E7E
o2 BAANMN HAHxAE 9E £ Jddu Alg¥rh Lawset Berning(1991)2 shallow
outdoor flumed X &% FZQ1 Cyclotella crypticaS AL WjE7t2E o] g3t s
kst om, £AAES 1520 gC/m?/doj it ool Wi wpel Zo] 2F{ A4
Ae 2A3e FAHLYCE T8 AL HPANUAY o8, &%, JFFF o84
Solth webx wEr1e] HAA #E aRHOR o] F UREF e Zlo] vy F
ReR =

CO; ¥ %7} cyanobacteiria®] A3 J3A EA] vjXe IS dolrry] 9319
AFEE(100 ppm), EFEE(300 ppm), LEZ(700 ppm)e] M2 T E COE &@adog
FF8he AygE SOT WX & ARS8ty AdAuy BFAERS 7oA Spiruling platensisE

8.0

AHg-3te] 8008 xHSTH MY 2

%<1 Emiliania huxleyiZ 8%

i kst pHE 20 mM 21234 93490

tlo
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25C, BHe 130 pE/m?/s2 =A3kg}

AAE A FAFE 139 WY F uFE COolA 24 g/LE 71 E%en, As
EoME EEEES T Wk vaste e AAS BATHFig 16A). Y G7
of Z+ widzAdgAMY HAFES AvE, ¥F
062 /d2 a¥= WFdAM 7P 22Ut Asze] CO, v e Al Holdle #
7129 =5 FAVF ARsEA 17250 CO, FFZFE 01 vwmolA 03 vwvmo &
STHAE F718HA] k. ¥, B85535 E WgedAe Frieirt 3ZHA

@ob A Aol HFAHYEH, WA goldE Frgid] FEE EFFERY X
FE CO; widolA o Eutth uAZEY FAF Aole & FritAaEe v o
FE Bon §& FURAGY FrE IFFH (O TE9 AHe] UMt =3, A=z
TAFE 7122 I chlorophyll 2 357} Brlgart 128 Axs wFdxE 718}
A g 9, FFolU 1FE wigdAMe FUisle #A S 2 CO, e IS

4 g A THFig. 16B). 2EH O Z cyanobacteria®l TEE ¥
Ax 5% CO} "adta & 4 rh

2
ir 32
alie

o

0

3

tlo

f

x

rir

548 o83 WS A7 T AUk F, A LUl FIE F

=l
d Ax HLAZ F, wgk @ FUZFS A8t S platensisE FEHOE
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Figure 16. Growth (A) and chlorophyll-z content on the basis of dry cell weight
(B) during cultivation of Spirulina platensis at different CO, concentrations of 100

ppm (@), 300 ppm ([]) and 700 ppm (V).
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3. e HAA3E QA MA =A4E AT
7h A&

S. platensis= 70% o]4+e] 11 vl AL 83}
LA FH517] A& el e 53

>
shel SO U8 AF E: AR QNS AFoz gl ANFD ATk S. platensist
= &

Ae AAFeZ 1 o8 ¥t ™ FuEo] 7t vk S. platensise 2] &3 2o]
HEds duAgez Agstd gibrlags {7182 uprn FA%th oA S
platensis7} &8 WMF 20 FHS HIEFY vjvigo] TR ART E(0Y, 3
Lol 7t7hE dii71Fe] g AE), AL e ddle 59 2L ok E, o
 AEo] Al Aol @ 2 g7 MiA(pH 95 ~ 11) Fo] vt Rtk 1 F
e 2% 5 ¢ 270§ 2 o AxTHEY 2AE A
= S. platensis®] %Al LurA<Q] SOT wjx|E AM&-3t4th
LRbA Q) SOT i =9l 24L& thg-9] Table 113 Zth 4% A3} & A 8& 93}
of HjA]e] ABRYE #lg =4 2 9hES 2F3AY S platensisE 30T, 2500 lux,
pH 95 2 4 vwmz 100-L 729 958 ujkr]9} oo} 2| ZE F(air lift) W]E7]| S A&

st F o] A 9 Hn A F=E viuste ez HA x4 9

rr

b
s
9,

pash

2
3

u

oy

e

2

2
ol Bol 2ase] ZAHew AV A Ao 2A& 2] fste AF Azto] B

= AUk wehA S platensise] 37 A5 B Ho] T3S A MER
Aol a7rH glo), SOT wiAle] 94 ¥=& 2H3Y S platensise] 43 A3}
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Table 11. Component composition of the generally used SOT medium

for Spirulina platensis culture

LU ey

SFk(mg/100 ml)

NaHCO;
KoHPOy
NaNOs;

K250,

NaCl

MgSO; + 7H.O
CaCl, - 2H,O
FeSOy - 7TH,O
Na:EDTA

As solution
As solution (/100 ml)
HzBOs

MnSO; - 7HO
ZnSOy - 7TH,O

CuSOy - 5H0O
Na2MOO4 d ZHQO

1680
50
250
100
100

20

0.1 ml

286
250

222
7.9

21
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Tl Bxde dUdd AE FoA MY B Adste AETeE dEA
cyanobacteria®] that A2]F EAld wE B ¢ v Soll Wiz oW JdF AFEE v
BOo 2 8o S platensis®] 4% HAg 2 Hd $£IF& Fedte W AT & WY
o el AFATH =, S. platensise] W% AFEHE SOT ®ixlo] A4 2 &

.
£ b

Jj N _&; z Mo
O

58 24% HH 249 wiAE ALFe2ZH S platensis®] 47 A3 Y
ol 7hsdte AAHer {8 B ofve} YA UYHes EE &
Rt

et

32
b1
o

o As 2

S. platensis®] 73%-dl= SOT WiA|E AL&-3ted, SOT Hixe ¥4, A4 9 ZHE 77
2 X3t AL g S platensis7} ALE 3ty wHEO] Y= ojv=dl
59 A AR "¢ FA Q47 Ha EWE] o] eAE 543t AAE T
WE S. platensisol Al 223 Qaolth £8, 2% BIdFE TA
ol&H /= sti, mA Y pHs} FRee] 2ol FoF g
4% P, Na, K, Mg, S, Fe, Cl 509, Ca, Mn, Zn, Cu 5% £8¥ 4 dth

S. platensis®} 43 HHst 4 Aoy F8g 94 HA =49 WAE N3}y #std
AR FHUBAAT LA S. platensisS Fdgtth S, platensisE $19] Table 119] &4
S 7FAE IurEQ] SOT wix|of A A ohull $(subcultury)3tJth. 5442 cyanobacteria}
o] S. platensis= 35 9 %¥(photoautotrophic) 7oA A{3}7] W] Loz F
g2l 83 E(cool white fluorescent lamps)S A3}y Ao H{ s F= 160-180
pumol photens/mz/sec% 239 €5 35T, #F7) LD = 240 oA 70 rpmlE

wtstE A v gste] dlEF e A% dul FFE FRIAT S platensis®] A7

TRY J¥S 2 5 e 242 4 g2 28 HFE S o F/e W¥d sOT

& R
:lns

o

b 2 m&
tlo

e

£
N

o oX
-

s

2

o md

W& A zsgch AxE w0 S. platensisE 150 mL 2] €31 v} chlorophyll a &
Fh T Ax2FTFE 1 3 FH3 AR ERT JHshHS 2T S. platensis 2]
A AA8E A% uA 2A4E FHEG F, 2 246 wet AE Azt 3L &F
F% 180 pmol photons/m /sec, €% 35T, #F7] LD = 24008 ZHE Fuuty]

(luminated Shaking Incubator)& -§3}o] S. platensis®] ALHHWEIFHAW FEE

..92._



AT

}4)2 S. platensis chlorophyll a2 3
S. platensis®] AFFS A3t WY 13 5 mLe] A
o }EYH %El*é%oﬂﬂrxl(GF/C) A7 F, AFHAE 90 % oHAE §Hol @7} mh
X #38 & chlorophyll a2 228tk 3 % o3
22 A3 750 nm, 664 nm, 647 nm 2 630 nmol|A FAEE SHso AHHSAT
Ao AzxFHe WY 13 ANEE AAT F, A Adzxste 43 d FAE S48 &
FEld R gA R st SAHEAT o] W A Fode W= -
At ZA FHo] ol sl GEL AASAL, ARAE 447 FF 80T *
3 AzAZ g FAE 233 o7 A-F FAY XolE A Y Wx2TH
Aok wigE S platensise] A& F(biomass)S HERZ] A AEAH HA Ee FE
Atole] Ao A BAE Pad HX3 vAGES 7. BIARZEL chlorophyll
a9 33 AZxFF e BEUE SR vAFES vusty AdFer 3 4%
z2¢ %At AFEWS (In x2 - In x1) / (b - )& At FaAed, 9714 ud

AY, by UE 2FYolal, & t =AY chlorophyll a®] 3#HF E& AXF

B

g

do
1

Z, xE th 23 Y chlorophyll 28] 3 Fe HARFHFS Ui t - e FAHHS

Aololtt. 47 BE UYWL 3 8 w2 AN S

o. A% 2 12

MARE e AfFR oz JdIANFn & FBIAE U S platensis©]
A AET $UA 7Y dGAAETe] J@dA = Figure 173 2t S. platensis®] 37
o glo] 7B #Ed Axe v 2UE Yolry] 95t NaNO;E 0.607 g/L(ZE4 100
mg/L), 0911 g/L(A2 150 mg/L), 1214 g/L(A4& 200 mg/L), 1788 g/L(A& 300
mg/L) =& 3.035 g/L(F4 500 mg/L) Z+Zt FY3tkH ZAE wgstAar] Z=A49
chlorophyll ¢ s} AZFHFES A9 2 WHoz ZHsth

-1 A3 Figure 180] £A1319.00, NaNOsS 1214 g/L #48 A% =, 227t 2
2 200 mg/L E3FE AL HAZ ¥ chlorophyll a Tx9 A AXFTHS e
WS & 5 Atk WA S platensis®] Wi o] Aoz ALEEHT Y& SOT wjAe 4

< 25 g/Le] NaNO7} FYHE AL Fx9 Y FHAS AAMET 249
chlorophyll 2 5% ¢ AzxZF%H] =4 (5 & EUZ 3 vjAFES 2AgE 23, Table



129} o] W58t AFE e & 4 AUk Cyanobacteria®] Ao o} 713 #
g 'R ¥R x1E dolry] fsled AaFEE wde] HFZAQ NaNO; 1.214
g/LE F8t1, B299 NaHCOso #9]#%2 1.68 g/L(¥2 240 mg/L), 346 g/L(&
2 494 mg/L), 84 g/L(skx 1200 mg/L), 168 g/L(¥2 2400 mg/L), 346 g/L(ehx
4940 mg/L) E= 56 g/L(T4 8000 mg/L)ye 24zt F=Ysto] B wx9 #HE F
S. platensisg W F3tHch 11 A= Table 133 #al 84-16.8 g/LojlA Ho) vl A EH o
71 wA JUEstth Figure 195 &40 F5E HSA7EA vldd A9 Hd vy
FEY ¥HEE e gloh
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Figure 17. Relation between Specific growth rate and daily production

of Spirulina platensis.
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Table 12. Maximum specific growth rate of Spirulina platensis by

different nitrogen concentration

Hd) B AFE(/d)

NaNO; 5%
(8/L) Lmax(Chi) Hmax(DW)
0.607 0.66 0.29
0.911 0.54 0.21
1.214 0.68 0.50
1.788 0.65 0.33
3.035 0.72 0.47

Table 13. Maximum specific growth rate of Spirulina platensis by

different carbon concentration

Hoj HAFE(/d)

NaNO; 5%

(/1) Hmax(Chi) HUmax(DW)
1.68 0.33 0.28
3.46 0.36 0.34
8.4 0.40 0.46
16.8 027 0.55
34.6 0.29 0.35

56 0.28 0.32
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Table 143} Zo] Aot &4 Fxo HlE 2elste A AFe] H3E A 2,
FAE Aast B2 29 Hle 2AY A & 9FE vAA %
d Axo g4 Zzte wrdd weE o v EC] 2EAE RE & F A}tk B,
o]d Agel Ay} vpAAZ NaHCO; FY#F 1680 g/Le} NaNOs FY = 1.21 g/L
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o] A A chlorophyll ¢ ¥% 2 AZZZHL Ediz 3 A vAAE o] 25 =4
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Table 14. Maximum specific growth rate of Spirulina platensis grown in different

nitrogen and carbon concentration

C:N H  NaHCO; 5% NaNO; 5% Hd BAFE(/ D)
(l:fl 7']] H]) (g/ L) (g/ L) [max(Chl) Hmax(DW)

6:1 1.68 0.250 0.094 0.132

) 8.40 1.214 0.227 0.168

12:1 3.46 0.250 0.344 0.145

' 16.80 1.214 0.476 0.182

60:1 16.80 0.250 0.433 0174

Table 15. Maximum specific growth rate and maximum relative frequency based

on the dry weight of Spirulina platensis grown in the different metal concentration

Wy SOT 8= Ho wAFE(/d) FHoj Joidl=
Original 0.369 1.45
x3 Fe 0.354 142
x5 As solution 0.290 1.34
1.214 g NaNOs 0.420 1.52
> As S"E:IS%: 1214 8 0.328 1.39
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e HHst wiA] 24 FEe o, A AR HE WES niAHE PR
dao dFe] Jlenz wixle] FAES Fe, Zn, Cu, Mn 59 7879 $:8 =4
st SOT WX & A28 3 S platensisS w3ttt 71 23+E Table 159 YehiAE
H, d33or Solg J3es #AT & gy 93 AdAEEE NaNOs 1214 g/LE
243 v Aol A v g 2A7 Ao nAZED Hd AN go] A EA el

ok olEX, Ba F&Tt S platensise] o] & 4TS F U2 Y 5 AJgTh

471 AdE B 232 A FFHI wA 24L o83t 3 L wiglelA S
platensisE W] %e A=}, Figure 2094 44T = e uieh 2o], Hul AAEo] 1.11
g/L/ddeH, o2 e Bx, 25 5& 2E3n wIrIE 55 ARste 43
BE Ao A AFAR BaE S platensise] HW) BAEF g vlws] B A4 &
A FEGS € F AT gEiA B a7dne 9A aX Y 2A4TS 2388 71
AAAL PR & A FFES 48 F AATRFEELAY FAF e HA
= 71A178e) CO, TF 3 T wiA o} Frlea9S 5718 e 24 cyanobacteria®] A& &
T AT H2d o2 NaHCO; FH Fg 23 ehd 5% 7] 3loll A S. platensisS vl &
3 23, 168 g NaHCO; X 2] 7ol A vl A4-§o] 05539 d™ & HughS Bt wjdel 235}
WAl 248 etk iAo 8 FAEQ N, Fe, Zn, Cu, Mn 59 55 223t o %
3t A3}, NaNOs& 154 g 1! =98 2} 2] ol A wl oF 6 A dry weight based-1] 4 -8 0] 0.420
d'Z A BT 37 28¢5 249 w2 FH3) wjR) 2L o] 85ked 3L
7)ol A S. platensisE vl &t A3}, HojAFEol 1.11 g/1/dE YRR ATh

<]
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Figure 18. Chlorophyll 2 concentration and dry weight of Spirulina platensis grown in

different nitrogen concentration.
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Figure 20. Dry weight of Spiruling platensis grown in different nitrogen and
carbon concentration.
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4. Cyanobacteria t] gl o] HA=3}

2 d7dAe 71E 200-L A ERRSVIE B A AR & AF shsstgh
Cyanobacteria®] #j S A A& in vivo fluorescence, chlorophyll 3+, 74 & &
3 AFES ZAIFCEN 25, 3%, TVIFAF 5 dFu Ay BAH S RastAch
Cyanobacteria(Spirulina platensis)& o2 Fate] 44 v 2 F5HS A= 2y,
253k & 35 g/80 LE FF3t4th 71E FAEWNS IS o835t A ©Eo], biomass
ERE 1R7 F8EES FAs A o8 R #FE uF wdste A7t a7
R71e] 8L &, Fx= 100 - 130 ymol photons/m’/s, &% 24 - 2

&
g
o
¥
N
R
r
S,

2 2439 Faw7|(lluminated shaking incubator)E F7}2 o} 83l 2HE HlY

st At

5. Cyanobacteria®] 4334
7t A
UAEREZRE F8& AYUBHNERY FdF B MdE AEFY 2 (harvesting)
wfe- F83% B3 F shubolth. wjdk® EF 9 harvesting® o Ffiltration), H A
(sedimentation), H#f-(flotation), centrifugation®} & HAE A& Fs] o]Fojxn,
B2 vl&o] AREHY A4 20-30%2] H]§o] Q@3 5+(Gudin and Therpenier, 1986) Al
=3 IFAAL vE&AE Hus, AEFY 44 £48 Ha3 @ ITHS FY
T e S AT d5-¥o g e 7HE FAh AAAE AHESIY F53)
= WRol AEHI YA, o] WHE falie % Ano RAE AXNEAN A EI} 9
T AEF A7 ZWoAN AV AAsT UchLee et al. 1998). o] HH
Ae F2 22 FEY 84590 ARz FHE: A5 A viA EAA =
o B AFdAME S platensise F7182 7S 3 7]'3Hgas vesicle)o] Qo] BAFEIE B4

& o143l Busty AAAY H4PL AustnA S,

flo

y

¥

v

voAlw 2oy

Spirulina platensist= SOTHj A& o] &3t 5-L FAEN-7|dA wjksidet. e
THFES UEHle F8A71E 2337 98 AEe dxFTHEe dig Asd =2
chlorophyll 4 =& F3dch 279 AFDAE AxY B4 548 A7 99
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o 25F5 FANRY] WAMZ FRAA 27 FFEHL 680 nme] AN FP
58 olgalu, 9B AR WMAE g5t SYSAT TEEAe Adde g8
3} e,

Flotation activity (%)= (1-ODt)/ODi) x 100

ODtE= A17H t olXe] FHE, ODit 2719 FRE.

RAAEA 3 F& Foleo JFE XA sk, A7) Bl FFE A
o] 6.8 mmol/1¢} NaCl, MgCl, - HO, CaCl, - H:O, Aly(SO4)s - 14-18H,0 ¥ FeClsg &%
sttt 7ol B8 AEet 182 ¢k AEE wwsy] A, FAVIE °]&5o
71¢E gste #ejyd #F 2 FASEAAE AT

Z23} chlorophyll at® 797tx Z7}8te] Hx 19 g/1# 164 mg/ld &
g th(Figure 21A). AZ2F o] i F=4 a9l HIEL 57K E F71E §F #FaAo-
AzTHo AL Figure 21Bo] A Ho] Ut

FAYERES Tl AT S, platensis®] B{HEFL WFAGTINA vl FA T w2t
Z7Vste] 6U7A wlFE AT AX 28z ¥FEo] 80% Esklen 1043k A
Ud Ao ZE ZAE BHos BASYS, AA 1047 o]Fde A BE AES B
yat g thFigure 22). 2t HlY 79l 9% AlXE RREHS A5 AT, JASA
FAE Ao Jeyth Ca¥, Mg 9 Fe’'oll dsM =
gk, 3] S7be FelER 4skal, € Alxe YAskao.
Aole G n A e Ao Yehdth 23y Na'eh M
3], S. platensis®} FAFol] th3 NaCl 559 F&S thdgh x| A7l wep 2AMgE 43, 55
o] Z7}e) wtel BAZA T ZrbeteE Ao & byt }(Figure 23). 2% 2] NaCle] H 7t 1%
vl oA o2 BAsAS 27147 = 232 YER 1 t) Cyanobacteria®l 7]'¢-2 F& 4
4o dmd g P oA, e Yo =
1994). webr A X gl Ay g4 o) S A GA wet S5t HFH o FHAAE A
st 313k Figure 240 A 9} 2Eo] ghof tjgk @l Ao vl vl g 5L 7 A= S713HA
o gl th3 @A o] v Figure 219] A3 (6Y) o1 A9 84 7]o e AR EA e
Ul FA71E o] &t 7S 93 Al T E PG dr A 7S s #EH
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Figure 21. Dry cell weight (@), chlorophyll 2 concentration (), and ratio of chlorophyll a to
dry cell weight (&) of Spirulina platensis cultivated in SOT medium (A). Productivity on basis

of dry cell weight (B).
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Figure 22. Flotation activity of Spirulina platensis harvested at different growth stages. Algal
cultures collected from exponential growth phase were left under static conditions in 50-ml
cylinder. Harvesting time: day 4 (@), day 5 (H), and day 6 (A).
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Figure 23. Enhanced flotation activity of Spirulina platensis with addition of NaCl. Algal
cultures collected from exponential growth phase (about day 6) were mixed with NaCl and
then left under static conditions in 50-ml cylinder. NaCl concentrations: 0% (@), 1% (H), 2%
(A), and 5% (V).
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Protein to Carbon ratio (g g'1)

Figure 24. Cellular protein to carbon ratio in Spirulina platensis at different growth stages
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M4d 2%t RS8N HY U MY

1. A&

ZF(algae)= oF 40,000%9 e ZH7F 4&A e Wf gd SA4S AL A8
o2 A9 AN DU FEELS AUHE Ao FeiH AcHEnoki et al,
2002; Radmer and Parker, 1994). ©] 4| &% (microalgae) ¢ F&8EF & &y 4
FRENE ol AQAL, ks B, A3 £, s, HAAYA Foz vy

!

thorsitlh E % F8EZFE = vitamin, carotenoid, phycobili-proteins, polysaccharides
ol ATk

AAEF Mg g 2 gHe ATAN APeA e dr FE B 24
94 59 G BAANE 4% bssvke Holth AFAA F2 5E A%, AT

5
biotechnology7} A&ty on, Zdles ZFERH FEAEALS &

=
§3la#} 3l algal biotechnology #oFe] A7 & 2487l 543 AHH

G5 A EFY AR 2 34 2 A FF(bloom)E FAEH HAE ALY
3tal, o]Fv(taste and odor)E AT T TF
WAy ol A 9} A A #e AF7F Bol 3 ATHADn et al, 2003; Kang et al,, 2003).
w3k o)A ZE7 AASE 2R HAMIE LS E4d gt G737 FE o] F U tHDittmann
et al., 1997; Fairey and Ramsdell, 1999). 181} 3 Spirulina9} 2L FE2FAA o
3 AYUBHEAL] HAHNeH, o] AYog o) E A Eds] JAHTWA
G592 F7E Aatste 2R 7ER] AYB4EF #alol SUH T (Costa et

al., 2004; Danesi et al., 2004). PINZHE FFoH S, olitses T2 o]83d

lo

]

Bz Ao njgoz dgo MEHFS AL 4 I (Gorenbein et al., 2001; Radmer,
1996; Radmer and Parker, 1996), AAt8l M E 22 Table 169 Fel® Hl9} o] TheFgh

E79 FEEEAE dF3tH(Vilchez et al, 1997).
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Table 16. Commercial compounds produced from microalgae

Type

Compound

Amino acids
Lipids
Pharmaceuticals
Pigments

Polyols/Carbohydrates

Polysaccharides

Primary alcohols

Vitamins

Proline, aspartate, alanine, histidine, serine,
threonine,  phenylalanine, leucine,  ornithine,

glutamate
Lipids, fatty acids, sterols
Alkylguanidine compounds, arachidonic acid,

microcystin, anatoxins, gallotannin, aponin,

malyngolide

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, Bs, Ba, C, E, biotin, rivoflavin, nicotinic acid,

pantothenate
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Table 17. Number of microalgal strains isolated from the nationwide freshwaters

No. of strains

No. of strains

Class Genus Genus
iz 2z 3% 1z} 2z 3FF
Chroococcus 24 1 Microcystis 13
Oscillatoria 22 Anabaena 12
Pseudanabaena 1 Merismopedia 1
Cyanophyceae  Aphanizomenon 1 Aphanothece 8
Nostoc 1 Synechocystis 1
Phormidium 2 Nodulari 1
Anabaenopsi
Phaeophyceae  Heribaudiell 1
Navicula 12 6 7 Stephanodiscus 1
Bacillario- Nitzschia 1 Surirella 1 1
phyceae Aulacoseira 1 Cymbell
Melosir 2
Xanthophyceae Tribonem 2
Cryptophyceae Cryptomona 5
Euglenophyceae Euglen 1
Protococcus 2 Ankistrodesmus 3
Chlamydomonas 15 9 8 Sphaerocystis 1
Coelastrum 2 Selenastrum 4
Stigeoclonium 2 Eudorina 2
Scenedesmus 13 13 2 Betryococcus 3
Chlorophyceae Chiorella 76 6 10 Palmella 1
Chlorococcum 8 Rhado 1
Asterionella 1 Dictyospherium 1
Botryococcus 2 Oocystis 1
Hyalotheca 1 Kiebsormidium 4
Gleotil 1 Ulothri 9
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Allen medium-& 47}#] groupe.Z Uub Allen medium, N-limited Allen medium,
P-limited Allen medium 223 NP-limited Allen medium® 2 1}3o] A&@3HT. N
= P-limited medium& AuF Allen mediumo] Hl3] A4 T 2 Fx=7 242z 1/10%
gz ekt

ke ZFE 50-m conical tubeZ &7 3,500 rpmel A 1583t AAME S vhS A
QNS A A3 pelletd} 1 : 1 (viv) HIEE acetoned H7}sle] 2S94 7](Vibra cell)
2 1087 27 AEE 393540k Acetone FEAE thA] AR st 2HE AA 3}
31 AHHE e-tubed] &7 Speed-vac(Savant SC100)& Al-&3te] &ulE FUAZT &
7b A e-tubeE A At 1 FFH AolE AYUBAHELAS APl HF T

7} 500 pg/mlo] H X2 methanold] &3] A)ZATh Figure 25+ "AZFZEEH AL

DA ZF =25 232 Table 189 Yehliglon J%7F 88 strainsoll A 3527 9 3=
ZE 66 strainsol| A 264702 Z 616719 AR 2A PAZREF 23S F=3Yh T3 1)
Nz2H #2252 70T Bosty gAS FA AT

A4 Fg 2 FPe 2AE FA5] 9 g el FYHL Joy E AT
ol A} = Vaccinia Hl-related phosphatase(VHR) % Protein tyrosine phosphatase 1B(PTP1B)7}
para-nitrophenyl phosphate(p-NPP)E 7|22 o|&3% enzyme assay < o|§ste] T4
3t tHFig. 25). ©] ¥ A AT phosphatase?] dF o 24 Figure 269 el A# 2o
AA e A g AL ser, thr, tyr7]o] E39 phosphate ionS Wojyo = six Tuid
o] Wgg A e Akt WA oy AAEES AT B 22 H

B5he ol

ol
fir
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Table 18. List of microalgal extract bank of biocactive materials

No. of No. of
Class Genus Genus
Strains Material Strains Material

s s
Microcystis 11 44 Synechocystis 2 8
Anabaena 17 68 Nostoc 1 4
Merismopedia 1 4 Spirulina 3 12
Cyanophyceae Aphanothece 9 36 Nodularia 2 8
Aphanocapsa 1 4 Phormidium 6 24
Chroococcus 2 8 Lyngbya 3 12

Oscillatoria 30 120
Ankistrodesmus 3 12 Hydrodictyon 1 4
Chlorella 11 44 Spirogyra 1 4
Scenedesmus 2 8 Closterium 1 4
Sphaerocystis 1 4 Roya 1 4
Selenastrum 3 12 Staurastrum 1 4
Eudorina 4 16 Penium 2 8
Botryococcus 4 16 Micrasterias 1 4
Palmella 1 4 Hyalotheca 1 4

Chlorophyceae
Chlorococcum 2 8 Chlorokybus 1 4
Chlamydomonas 4 16 Mougeotia 2 8
Rhado 2 8 Bambusina 1 4
Dictyospherium 1 4 Zygnemopsis 1 4
Oocystis 2 8 Phymatodocis 1 4
Tetraspora 3 12 Botryococcus 1 4
Mesothaenium 3 12 Protodema 1 4
Gloeocystis 2 8 Haematococcus 1 4
Total 154 (616)
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Figure 25. Scheme of purification of bioactive materials from microalgae.
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Figure 26. Phosphorylation and dephosphorylation of protein by phosphatase
and kinase in cell.
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shol @ g gado] =& Tonks et al.(1988)9] W] ule} p-NPPE 7]A & o]
§3te] €43 =S SAsted VHR ¥ PTPIBo| tidh A &ds AMstdth(Figure
27). E4284L 96-well platec] VHR 2 PTP1B(25 0/5 mb) 50 u, ZF %%%(500 e/
ml) 3 ul, 7128]3 p-NPP2 mM) 50 (S A&H o2 H7IgE & 30°Co A 9kA A ¥
S 1A1ZF 3 10 M9 NaOH 50 wE H7isle whg-8 FZAHT. Spectrophoto-
meter(UV 160-A)E AF&31e] 405 nmo|A 2@ F9 EF=E &A% VHR 2 PTP1B
g Yo Be Uz TEigue 7a)% FRES AolE Azl P ¥ FYm B4
(Figure 27b)2. 2 YeER It} Figure 28 A =38 =433 ago|oh

U 34 54 44

A AL 13F 9] HYAd(Salmonella typhimurium, Salmonella gallinarum, Escherichia
coli KCTC 2441, Staphylococcus aureus KCTC 1621, Staphylococcus epidermidis KCTC 1917,
Shigella flexneri KCTC 2008, Enterobacter cloacae KCTC 2361, Citrobacter freundii KCTC
2006, Klebsiella pneumonia KCTC 2208, Bacillus megaterium KCTC 1096, Edwardsiella tarda,
Escherichia coli, Lactococcus garvieae)S WA S. 2 paper disk]-S 33 & HAHE §9
AES 245 4 o= YT

4. AN FREH HA
7v. &%, 3= 9 F4 84

Fit vAZER 154 strains®] WG FEES AR 747 ¢ ¥3w, ¥4
g4e St YIRS st VANEFE B4 A% 3 18(12%), ¥
96%), A 23(15%) strainsell A 24z} B3-S R AT (Figure. 29). ¥ A & A9} <
o] 248 2Etd g F 616 AR FolA TS 34(6%), FZ=T 1938%), FA
75(12%) AgolA zhzd @45 vebli ok mepA s zAd web 2k AEAdEE e
gAo] b2 vehte A4S & F o, 3¢ 2 s B4o] wiA 27 I o
TS Bol e AoFE AU FA BAHL 2AE strains T 15%, WIAEE AL
d F Alse 12%ex 845 dehdo] 1 Aolrt HYow, o] 3§ straino] 47}A] Hj
AzAd A FA B4& Hole A7 BoE AE ondnh

ool
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o p-NPP (para-nitrophenyl phosphate)
4 UV 405 gm

2

® Mon colorization

Principle of enzyme (VHR) assay with p-NPP.
a is without inhibitor and b is with inhibitor.

Figure 27. Principle of enzyme (VHR) assay with p-NPP. a is without inhibitor

and b is with inhibitor.
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Figure 28. Scheme of VHR enzyme assay for anticancer materials.
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Figure 29. Number of microalgal strains and samples containing bioactive materials.
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AL Pl 2R F 3T d9n B4 diEA Ade Table 199 goFstqinh &

oF A2 AGI0011e] 79%°] VHR A3 @48 R 7Hd 5% AoE Ueon,
o AL AGI00070] 97%9) PTPIB A3l @4<S Uehyo] 718 $A0] ¢3stqth
53] AGI00112 33 Aol NBE Fo} I Adx BT 58 A4S e
Aoz A8t

n A zZ79 3 FAS =AM date Figure 29 2 Table 200 el it} Figure
30¢] VERd AT Zo] A FAo] e FEES FFAZ paperd X WY LTS
v k3l vz} 9ol A3} clear zone e 4 g AG10011, AG10039.
2 AGI0059E ZAME F 13F 9 Wdd FolA 8% AT I S ehhol

w3 A Aol §5E straine 2 AU AHER FEEL AP AHEE O
Brol Widd Aol A FAE R Edwardsiells tarda 2 Lactococcus garvieae®]

AgAA 29L& 2

tlo
ofl
2
ngl:
tlo
g Mo

nAlER FEES AU

fr

owlA 204 A4

g @S vehdle mAEF 18 strainsy} 47FA] Wi A wiFE QS o YEhlE
T BAES boxplote®  UERATH(Figure 31A). A-AFF ALA-AFT w9
median(F7Hgh)ol ZH2F 36% 9t 45% 2 G4 AL-AF WA Bo A4 vEEth E3
box®] #XE HARJ-AT wiRA 26%FE 2%7tA2 Veht AL, & AlFste] wy
G AN FYE B0 EFE ¢ & AMTh wiA 2 BE vAzFe] ¥R
Z/-& Figure 31Bo) YeRITh &9 S 39 FAo Aol His] boxe] HH7F
A dEh AR 2 d9x @49 Aelrt 5 ¢ 5 ATk A AL2-AT
Ao 4 mediane] 24zt 14%9F 17%2A @A debstoy, A-Ag wj=¢ M 37%=2 vl
H A ZAEAD. uAERF FE5E] A4 FAS veie U BdTY FE WA
ZA ¥ ZASIAtHFigure 31C). 4 A4S wx] 2] WE box plot9] median Fk
ol A4, AA-Ag A-AlT L HAA-A G vl A #7311, 36, 36 H 4028 e
v A o] A AT Foll lojA] E AolE BolA] ¥
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Table 19. Primary screening of cyanobacteria against VHR DS-PTPase and PTP1B
inhibition activity

Inhibition (%)
Microalgal strains Incubation*
VHR PTP1B
AG10011 P-limited 79 92
AG10059 Normal S 91
AG10039 NP-limited 54 89
AG10055 Normal - 89
AG10055 P-limited 51 76
AG10152 NP-limited 68 81
AG10007 Normal - 97
AG10007 N-limited 62 86
AG10039 Normal - 84

* Normal, Allen medium; N-limited, nitrogen-limited Allen medium; P-limited, phosphorus-limited Allen medium;
NP-limited, nitrogen and phosphorus-limited Allen medium.
** Less than 40% inhibition
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Table 20. Clear zone test of algal extracts for searching antibiotics (Clear zone: mun)

Strains Incubation P1* P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
AG10026 Normal*™* 10 - 9 - - 9 9 - - 9 - 9 -
AG10011 N-limited 10 - 9 9 - 9 10 9 10 - - 9 -
AG10059 NP-limited 9 - 11 - 9 9 10 - - - - 10 -
AG10041 Normal 9 9 - 10110 - - 9 - - -
AG10043 Normal 9 - 10 - - - - - 10 - - 11 -
AG10036 Normal -9 10 - - - 10 9 11 - - 10 -
AG10059 P-limited 9 11 12 9 - 9 10 9 - - - 9 -
AG10059 NP-limited 10 10 9 - - 10 10 9 - 11 - 9 -
AG10055 Normal - - -9 9100 - - - - 9 -
AG10152 P-limited 11 - - 10 - - - - - 9 - 10 -
AG10039 N-limited 10 10 9 - 10 11 10 - 11 - - 9 -

* Pathogen strains: P1, Salmonella typhimurium; P2, Salmonella gallinarum; P3, Escherichia coli KCTC 2441; P4, Staphylococcus aureus
KCTC 1621; P5, Staphylococcus epidermidis KCTC 1917; P6, Shigella flexneri KCTC 2008; P7, Enterobacter cloacae KCTC 2361; P§,
Citrobacter freundii KCTC 2006; P9, Klebsiella preumonia KCTC 2208; P10, Bacilius megaterium KCTC 1096; P11, Edwardsiella tarda;
P12, Escherichia coli; P13, Lactococcus garvieae.

** Normal, Allen medium; N-limited, nitrogen-limited Allen medium; P-limited, phosphorus-limited Allen medium;
NP-limited, nitrogen and phosphorus-limited Allen medium.
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Figure 30. Antibiotic activity of microalgal extracts in paper disk methods.
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AT #2290 ¥9 E4E AR wel A AFE Table 210] UERAZIL
H A4S JHA & 18 strains F 47FF] WA x2AGA BE 4L JEME strainse @
A5 A Fen] AGI0008 5] 570 strainso A 3712 AN 4L Yehidd &3
= 84 £ 1A e EzAdA BE F4S JERE strainses g9 27) strains
A 37FA =AM BAHS L}E}H}S&E}(Table 22). 34 A9 Ade 3¢ 2 I
B33 2o 23 strains F 9 strainso| A 47}R] v Z2H EFoA AL JeEhRRIT

(Table 23).
2 A7) AnE ug 23 % GRFY H2R AR s dupd % 88
strains®} ‘G2 F F A AN ek I L JA EFS AASE FRF strains

7V 232} 5%, 3%, 15%How AA: 2 9 AT iR A A 22}t 18%, 7%, 18%E
et Alg 2704 A BAHEA S HAEE strains7l B Ao 2 ZAME ¢ITHTable
24). 49 F 66 strains®] XZH F A wiAGA I, e L B BAS AL
3tE ¥EF strains7t 2+ 2%, 2%, 5%9or FA 2 9 A3 wjAe AFdE 7z}t
3%, 3%, 5%% el HEFAAE Ank v}t A v o)zt AR ekdth 18
v A BN EAE YAEE strainsd] BI&L H2FA vlE] 3R A 2AE Q.
Oh 5(2000)& F=F/ 9] chemostat Hj%} AT E E3t] Microcystis7t A A+ele thEH
Zaoly A HEZE LR microcystin® 2A-A 3 7oA G A G FHFo)
7k AL BastHh Bwk ofysl FAhel Ag AFsle v F 2Fo A
A z24%& A9E Kilham et al.(1997)9] 97 Ao ol & Ankistrodesmus falcatuse 2
&b e At widd A7 AFES HU 15%9 FAols Bon dwA FA
Zolg YeE Aoz RuEUTH o9} e Axtg wRo] B u, B AFPM 9
I A FY B MG 234 gt g AL A A A wIFFo2A
vl zRe @l 7o) Wit 2R o] Aate] JES F Aow Algdrh
MAERE A€ AR g3 7Y F8EES A FAHe= 23
HARPER BRE 4 o, A4 Eds Bers 3 ol trAtEe dukzo
2 13 A7) (primary growth phase)o] w}x]2to 2 BE] A 2] 7|(stationary phase)Z &
ol7be dAlY FAHEY. ZF =4 (phycotoxins) iy #H AYAEL {83 YR E

i

A2 A" F Qo 8 ZFELE cyclic peptides, alkaloids, polyethers, glycolipids
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Table 21. Anticancer activity with various medium conditions

Strains Normal N-limited P-limited  NP-limited total
AG10002 - - - + 1
AG10005 + - - + 2
AG10007 - + + - 2
AG10008 - + + + 3
AG10011 + - + + 3
AG10017 - + - - 1
AG10026 + - - - 1
AG10036 + - - - 1
AG10043 - - + + 2
AG10047 - - - + 1
AG10055 - - + - 1
AG10059 + - - - 1
AG10065 - - | + + 2
AG10066 - + + + 3
AG10083 + + + - 3
AG10152 - + + + 3
AG10157 - + + - 2
AG10182 + + - - 2
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Table 22. Antidiabetic activity with various medium conditions

Strains Normal N-limited P-limited  NP-limited total
AG10007 + + - - 2
AG10008 - + + + 3
AG10017 - + + - 2
AG10039 + + - - 2
AG10043 - - + + )
AG10055 + - - - 1
AG10065 + - + - 2
AG10082 + - + + 3
AG10152 - - + + 2
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Table 23. Antibiotics activity with various medium conditions

Strains Normal N-limited P-limited  NP-limited total
AG10002 + + - - 2
AG10005 + - + - 2
AG10007 - + + + 3
AG10008 + + - + 3
AG10011 + + + + 4
AG10017 + - + + 3
AG10026 + - + + 3
AG10036 + + + + 4
AG10039 + + + - 3
AG10041 + - + + 3
AG10043 + + + - 3
AG10047 + + - + 3
AG10055 + + + - 3
AG10059 + - + + 3
AG10065 + + - - 2
AG10066 + + + + 4
AG10082 + + + + 4
AG10083 + + + + 4
AG10095 + + + + 4
AG10133 - + + + 3
AG10152 + + + + 4
AG10157 + + + + 4
AG10182 + + + + 4
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Table 24. Percentage of microalgal strains containing bioactive materials

Anticancer (%) Antidiabetic (%) Antibiotic (%)
Class
Normal* Limited** Normal Limited Normal Limited
Cyanophyceae 5 18 3 7 15 18
Chlorophyceae 2 3 2 3 5 5

* Normal, activity in normal medium

** Limited, activity in N and/or P-limited medium.
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I %79 Anabaena flos-aquae, Aphanizomenon flos-aquae7} 3 3¢t 21 7 & (anatoxin) 3}
Microcystis aeruginosa7t ABArebe 7HES (microcystin) e 7h&ol] 502 A&k Utk
%A UrHCarmichael, 1992). web A AA NN o9 Aol thad 714, 3=
ol g A47F Bol ol FolAa JTHOh et al, 2000).

98 =E AY MANZFEEY FES 3FgEC] EHHL JoH
Aol AFHL Yo AAAANE 3] dRvro] Ayt deiA sle #olvh w
A ARFERE 852 ALY Fde vpold A #E
S 2 Q2L FE AL 94 EA7F dvn @ 5 ok AdEd=de] a3 3
o} = Table 259 1}eRH $lth(Skulberg, 2000).
Y, AT, FAF, Dloldx, AABYY ge BFF JUBYELS v

of ojsle] A 753 Ao 2 HuEJHCodd, 1995, Moore, 1996; Sivonen, 1996).

==

I
=2

H
X

5

I 274 Tolypothrix byssoidea2HE] 23 A3 FESQ] tubercidin® P-388 HZA L
o) in vitro @40l YE Aoz RIuHUD, HFEFQA ChlamydomonasZH-¥ F2 3

L-aspinarigenasets # ¢ T 8F9 AAS JAlste Aoz AR Jvh v= IH

oFed 4 (National Cancer Institute, NCI)E ZFEZHE AZPZEZDY &4 Fa3

A8e $esla 9loH, sulfolipids7} HIV virusoll thdled in vitro &4d¢] Ud5& B

rok

nl Atk =3 Hde WEF Nostoc ellipsosporumol A F2§ A EAS] O
cyanovirino] “F A Eo] FFS FX ¥x HIVE B84 & dgol RuHUN.
G275 Spirulina= 3F JALES FZ8}

= Aoz A#A thBecker, 1994). oS FI}E= ZF/ T YE F22,

=2
N
i)
b
i
2
o
N
=
%
2
%
2,
fol
i)
N
8

o
9
T

carotenoid 424, vitamin B 5o 93 Heg FAHI Ju). T3 Spirulinas A
54 9o FAHA Edl= linolenic acidE /3t 1omB, ©] linolenic acid=
prostaglandin®] A4-g &Zshe Aoz A o FEHIL U E(genus) T
olty. W& F Synechococcusd] FEEL AEX AL FZde ZO0E HAuHIAL ]
= phycocyanin, allophycocyanin® 7+ phycobiliproteinsol] <3 Z2o 2 ¢ ot
(Becker, 1994). 8} %51 Cystoseira barbata, Fucus gardnerii, Phyllophora nervosa &2 8%
o) cholesterol FEE R3] nHGol} AL ol
Z3E  betained] o HAow A Uty EFE

Spirulina 52] AfZAo| cholesterol L& “F=d &7/} dFo] iy At

—

F denH, ol ol =7

FZF  Scenedesmus obliquus,

nf A
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Table 25. Categories of biocactivity and the range of agents detected

Biological effect

Substance

Inhibitor

Antiviral

Cytotoxic

Fungicide

Algicide

Bactericide

Cytostatic

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

chymotrypsin-, elastase-, protease inhibitor

B-carbolines, sulfolipids, cyanovirin,

indolcarbozole, calcium spirulan

lyngbyastatin, fischerellin

fischerellin A, phenolic, phytoalexin
glyéerolipids
kawaguchipeptin B

symplostatin
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Phycobiliproteins® $Z5F, $Z§F 5o £¥d8 FFY BExMLEAN LHEHH] &
Ao u}e} phycoerythrin(PE), phycocyanin(PC) 2] 31 allophycocyanin(AP)2] A} 73 =
TEED o] MAE FouAd it AU|HEA F5EH AUAY 0% odE 3
o2 Wad 4 w3l 34, strepavidin, biotin 53 M EH HYAE =
o] it} whelA] phycobiliproteinsi= Al X9 ¥ ddg L8] 9% 1%
olide]l U BRAARA FFRAL riFo] rhk AAE phycobiliproteinsi= flow

o

4

ol
A

2
il

cytometryl} fluorescence-activated cell sortingdl] -$-8% 1 glth.

uAzEE Agdez APF PCO, "NOs, H:0 57 22 FrE2%E PC "N,
HE &/ 2371 47188 334 Feo2 At nAZFE dAHoz o
FAslez MYRAE HIA e OGS THY FFES dFer A4 5 3
t} &3] ol&HI Y XHFI AAEE Wlxor EAEH 3FELS glucoses} glycerol
olth. F, 2F7F PCO9) EA oA AFHEA EA® AEL AP ojEL Jbe
Bago] AFY PCglucoses AAFetE Aolth o]s} o] 2F7F FEF HAHE W
NVeog RAE FFEL YAAEEZE WIY] A% dAFHEERER AMSEN. o9 2
] AAZFE AYSAEZDS A% 7Y dAeE o8 71X AMS i Y, A%
REANFOZAM 7pxT oz} oorg EFBAME FTHA 85 Atk

Skulberg(2000)= HZ2FEZHE A4 Ag B4S e 2RI ES T
+4], 52 plasmin, thrombin, elastase, papain, trypsin 3} 2 473 A3} FH4&4, &
vpolg 2, gt BAER a1 B JHA] 54 Fol] @ATA G dERFAAA 44
£ 2 Eeldn Haslh FA7A ¢ Gx2F U FUBEL Microcystis
7} ABAkslE =49 microcystin®. 24 protein phosphatase A3l &8 zte Ao= ¢
2 # dth(Mackintosh et al, 1990). 181} microcystin ¢] vlMZF & o 2 JIF

= BEEA UEd 22 BA g0

[«

=
& stress 2740 £ £% Aew 9

% ougsie] HeBHEAY T2 B

N
=4

r

X,
L
o
:’1
(*O
H
rr
i)
(D8
rO
3
o
=
2
.2
i

GHY. YO F Anabaena affinis 59 FRFE

B 5 A - AFskd 546 dg F7H<
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5. A BREAY 7x A%
Zh dAzwe aF g 2 3=
9-L jare] Allen medium(Allen, 1968) 8 ¢ & YW1 E4d & 3 =/FE 53
130-150 umol photons/m’/s9] FZANA wlFsgon, LT 25 + 2CZ FA3140h
71 air-pump¥E o|&3ste] FFsta oF 2097 vl g AT
wjoFe) & 3500 rpmol A 1587 QAR s AN A AL pellets SAAZ
sy 2 Hdxd¥ AEes gd 80% methanol 500 mlE 23 FEI} F

il

methanol:methylene chloride (1:1) 500 ml2 23 FZ39d. &3 §HL rotary

evaporatorg ©|&3}o] & FLAI B e FEH2ES AFHAT

v 7253 vAxw 589 43
A Ed S Adste wdzR T Aol ¢ AGI0011, AGl0066 & 35
strainsE 8 ¢ wjAdSE ¥ FEFES YAA AU FH(nuclear magnetic resonance)
spectrum$ o83t R43l k. NMR spectrum-& Varian 400 MHz7]%-& o] & 3}
CDCI3/CD3OD(1t1) &3 L &ulg Agste] At 3H8hd olgde &9d
o] ZAF YA AAE 71FH(CDC3e A9 727 ppm).& dlo] AA 3o} Figure 32
2 Figure 339 YERH A3} Zo] NMR spectrum$ ¥43F A3} tjRRe FEEJA 1
ppm AFA AHd(fatty acid)Zfo] peakrt EA et FEEO] AYAE O
Aew zAEon AGL0011 £ 67 strainsol|A] 4-5 ppmo] 23 AF )
A 84 fFr1agEe] #EEA
dRtz o g Awk AHBAELY Fo Fof SFEZ ZE&sh7] "ol A
e AitE AAT F FPER 29 FAFEE AFE
BEHAT. =T GAEDY Fo] Bo] XFHUA BoenE FEIAHS
BH7} $AE oo = Ao E VEelsdth ulglA] NMR spectrum
84 s ol AUlAow o] FHEHO JE AGL0011
S 67 strainsE AT AHEE S Ydste AT P ER AU

o
i
i)
1o
Y
BN
ol
o
o
it/

L
i
&
i
=
oft
|

o
ko

o AP Ede] Fx 2434
ARl Ede] 7x2E ZAsy] 9% WES Figure 34¢] YehlSith WA o\ =
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il

FE P WS = nAxEF AZE EEsly $2dx 30 s2dxd nAxRE

o

£ F53}e] dojA vAHZEF FEFES TLC % column chromatography 5 T

tlo

chromatography & %39 F&E-S t}b9| fractiono & Wil Zhzhe] fractiond] 4
Z3%th 80| 5% fraction® ThA] chromatographyE §3) &3 Ed2 A s

T 34, $Y%, 3G 59 YABHL 2T F NMR 2 Mass 59 tF@ spectro-

oj9} & systemoZ AEEAY EH FRE FAI}VIASIAAE HL 3g o9
FZ&Eo] gryojof gt wlgbr] NMR spectrumo 2 XA EH AGI0011 5 6 strains&
200-LT 2 jokr]ol N Blakstaom AGIO0N B AGIO1529] 22 ES 77t 4 g o4k &

ey AHBAEHY 72 THE ASHE Y3 Utk
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Figure 32. NMR spectrum of extracts from microalgae (AG10011).
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Figure 33. NMR spectrum of extracts from microalgae (AG10152).
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Figure 34. Scheme of identification of bioactive materials.
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6. & EA9 in vivo, in vitro 3EFA AA

Unialgal “e}2] cyanobacteria® X33+ VA ZF 77 strainsE Yk Allen, I-A3H
Allen, A-A$H Allen 283 Q1 - AA-ASE Allen v A] 704 1047 w3 & &
SEZ gaA A AMSE AR §YT WHOoE 2/HE St g E 3T

rOl

1097t #jF8 cyanobacteria W %A E 3,500 rpmolA 94 B3 F AAAL AAF
T AL acetoned 1 : 19 HEE 7St 2L B2HA7E 1083 X E 3o
oA & HHBEEHAS FEa9rh 348 TAE dARYstd AAs 2 A8
AL =Y F29E methanolZ A §33te] F 2807 ] HelBA FREFAS FRr3
Atk olE FEst] WAAR Mo e Y APl ALES AT FHEE A
sko} Salmonella typhimurium, Escherichia coli KCTC 2441 % Fdioja &3] A= 13
ol HAdA rAES AR (Table 26).

Table 26. Pathogenic microorganisms used to test antibiotic activity of microalgal

extracts

WHs Hdd A= W F2%=(TC)
1 Salmonella typhimurium 37
2 Salmonella gallinarum | 37
3 Escherichia coli KCTC 2441 37
4 Staphylococcus aureus KCTC 1621 37
5 Syaphylococcus epidermidis KCTC 1917 37
6 Shigella flexneri KCTC 2008 37
7 Enterobacter cloacae KCTC 2361 37
8 Citrobacter freundii KCTC 2006 37
9 Klebsiella pneumonia KCTC 2208 37
10 Bacillus megaterium KCTC 1096 37
11 Edwardsiella tarda 30
12 Escherichia coli 30
13 Lactococcus garvieae 30
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Cyanobacteria® X33+ v]A|2H 2] biomass @ AN F=Eo] 1329 HAA MF
of e FFH AR ZAEH] skl wAMA ol A clear zonee] YHHEE ol
e dbge] wel 23] 23 A¥S A8t 1 A, Table 277 Zo] & 213e
e Fado] ey, d4 wARFERY T de B4 21/132224E4

XS HE BRI 53], Scenedesmus sp. 52 Enterobacter cloacae KCTC 2361,
Klebsiella pneumonia KCTC 2208, Shigella flexneri KCTC 2008 ¥4 Aol thsled 23+ 3b3F
28 Ve $lo ] (Figure 35, 36), ©] ]9l %= Sphaerocystis schroeterill, Microcystis aeruginosa

52 F@50 S48 72 A¥Ad.

i

O

o4
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Table 27. Antibiotic activity of microalgal strains to pathogenic

organisms (unit: clear zone,

mm)

Strains P1* P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Sphaerocystis schroeterii - 10 - 9 - - - - 9 - - 9 -
Microcystis aeruginosa 0 10 9 - - 10 10 9 - 11 - 9 -
Microcystis aeruginosa 9 11 12 9 - 9 10 9 - - - 9 -
Microcystis aeruginosa v - - - 9 9 10 - - - - 9 -
Synechocystis sp. v 9 - 9 - - - - 10 - - 10 -
Synechocystis sp. 00 10 9 - 10 11 10 - 11 - - 9 -
;?i(;;iga regularis Var.k - 9 10 - - - 10 9 11 - - 10 -
Chlorella kessleri Fatt e

Novakova 1969 oo - W - - - - -0 -
Anabaena sp. 0 - 9 - - 9 9 - - 9 - 9 -
Anabaena sp. v - 9 9 - 9 10 9 10 - - 9 -
Anabaena sp. 9 - 1 - 9 9 10 - - - - 10 -
Oscillatoria sp. m - - 10 - - - - - 9 - 10 -
Aphanothese sp. 9 9 - 1011 10 - - 9 - - -
Aphanothese sp. - - 10 10 - - 10 9 10 - - 9 -
Scenedesmus quadricauda - 2 - - - - - -1 9 - 1 -
Chlorella vulgaris Beij

e qaris Beijenck T S S
Chlorella Fusca var. vacuolata - 12 9 9 - 10 10 - - - - 9 -
Microcystis sp. - - m - - - 12 - - - - - -
Scenedesmus sp. - - 10 8 - 13 13 - 12 - - - -
Botryococcus braunii - - 0 - - 1210 - - 9 - - -
Hydrodictyon reticulatym - 11 1 9 - 9 16 10 - 10 - - -

*, pathogen strains: P1, Salmonella typhimurium; P2, Salmonella gallinarum; P3, Escherichia coli
KCTC 2441; P4, Staphylococcus aureus KCTC 1621; P5, Syaphylococcus epidermidis KCTC 1917;
P6, Shigella flexneri KCTC 2008; P7, Enterobacter cloacae KCTC 2361; P8, Citrobacter freundii
KCTC 2006; P9, Klebsiella pneumonia KCTC 2208; P10, Bacillus megaterium KCTC 1096; P11,

Edwardsiella tarda; P12, Escherichia coli; P13, Lactococcus garvieae .
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Figure 35. Clear zone indicating Figure 36. Clear zone indicating
antibiotic  activity =~ of  microalgal antibiotic activity of microalgal extracts
extracts  to Scenedesmus sp. in paper to Hydrodictyon reticulatym in paper disk
disk methods. methods.
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s dE 8= dito 453t

1. Cyanobacteria biomass®] Al5 2 A Al

Z79] biomassE ©]&3 ALEH A NS 935l cyanobacteria T Tl E ghEkol
60-70%%1 RAo2 AH A Spirulina platensisE 200-L FAERHS7 2 okt 24
E 5T F AR FREA VA AR E Y3t RN BHE AAS 43,
Z4 016%, =T 0.27%, £318 1.25%, ZA3 0.16%S {3k Ao
Bol, EWE(Daphnia magna) L AFE o] &3 =
B7HE AN 23, 540 fle AR ZAMH O] AMRHVIAZAN Y 7HA] BrtE @RSt
At

2. =AR FHIHA

58 245 AnAZAC 5% F7bEd AR Azg gEAT. Az
ARFATHAIE AtRC 01% Frkste S AAA R A EAlE HUHAR &85t
gor, 58 49 5F SAAAE 0gF e gos HAsArk(Table 28, Table
29).

Table 28. Toxicity test of the feed additives by a bioassay

R 25 W&

1 T4 = i

2 TE TE 6005

3 T4 T A 4 A
4 HA T o 300%

5 AL of 30

6 A%t 2004. 3. 9 - 2004. 8. 8

7 A AR A8 sheet =

8 FAIR A0 120%, 3¢ 8% 138

9 F NE 28% 120 kg
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Table 29. Report sheet of the bioassay on the feed additives

AlE e
WAL
st ®
TRA A F
e
T AT
AFF7r/4
F AlBdFE
AR A
HAHF
37t AT

b

dd e A= Table 30¢] YePATh AR 782 2758 /A AlREEY A
Aol ol FA E5tAl7] 79 DES T3] AFYH a2 ol B AAF ol&d F

3E 7HeekAl shRh
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Table 30. Toxicity test and addition effects of the feed additive by a

bioassay

Aa 713t 2004'Q 39 99 ~ 2004\ 8Y 8Y(152Yzh
AL H 26day (%)
Z3d¥ 178day
AXNAF MAHF 6.2kg, MAFS 2995, % 1,853kg
345 31,683kg

% AF F/MF | 29830kg , AR QTE : 275

As5734Y 0.674kg

T A2 AT | 82221kg

A= 25, &40 2%, 8§ 4F

A 857,89 F4g g = st A

1. E3A718 7Y 95A1Z

- AbF Bl AR Qg AAF olf SUlg &y
714 7% 2. A8 278 M EI,

- Al AME HURA ARE A 2.9~3.0

- A AbE HTHA ARE #2275

AL 5

3. A-5-Ats H7HA
FHNS ohsH(Fenneropenaeus chinensisye AAAAN F2F FAWY Foloh B4
g Yastel 15erld TUE PobA FAL Paku ok 2
oht wolgizol ols) thFAML WD Qol, Hle

o &
RL
rir
M
2
2

e
o,
i)
£
A
N
o2
2
N
-—r-vl
=
)
(s

€§%0W5V7ﬁﬂ:%a«Q%@ﬂﬂﬁéMH?E5%m%OHH}ﬂﬂﬂﬂQﬂ‘%ﬂ
Fo A 71 ABAA WA YR S U3, FRAAE 19989 AL o] nhold

"'_
27t B3 @ ol vid AFHE dste] digHArE et gloh oldd 4L Al
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Fob 2e FHFAAELS HWAAAY Hesol A 9] dEY Acs dHAL Yot
(Klein, 1989). “12J1} A}--F+ hemocyte % humoral factorsol] ¢t T8-S z2ta )
T o2 A JtHGupta, 1986: Beck et al, 1994). w}elr] TAG A9 =77t A&
9 F7F 2 Bod A FH F49 JbsAo]l AlxkE I ¢lth. Cyanobacteriagl Spirulina
=< 9d g, AlEw, dgotuiegl, AWk g ot Ay
< RS Qlo], AR FAEo R ALLH 3 YtiBelay, 2002). S. platensise] 538
FEA, A% 5EH0ZREH U3 oF e e E 3 P AR HAEA 1
F&4dol BiiEi th 53], Lee 5(2003)2 A-$-9] X2 FAS Z71A7]7] Y8t AL
2 HIVMAZ S platensisE A1g3te] 9] hemocyted] ¥ @Ao] YL Hi18}7)
T Atk T3 S platensise AJ¢FAF] FANA AEE FEA0] BuHVE
tH(Chuntapa et al. 2003). & Q7= S. platensisE A7Fsk Abs7F F2A AQSdiste] 24
Fo] wAE GFe zAAL
Aol FHe Aed® A A $EF AXF A5 EoA FHEA
°F 1 & &% U539 fibergalss-reinforced Ze}2E B 3E Fo| Mx)sle 3597
AR FH Aee BT AF 80 g9 dEE 10rdy Stk AlR HUAE
AH8-E S, platensise SOTHIA 2 200-L B EW-S-7]A AFAZ7] F7)7kA v %t
o WG 2AlE 8 2 FAAFsY Alg HUMAE ol st A¥TE AdE A
- AFR(TL), 498 A Atset s EAA(T2), L& M ALES} S. platensis(T3), 4
d& Ak v AE AR R S platensis(T4) D T4 1/2T5HE stk A& 3 g/dE
33 o] R ATk RAIGE LS APFo] wE A9 AEE L FAFL A5 niA)
gteol 43l th DIN 2 DIP9] 44, chlorophyll 4, A8 Z3 %9 24 9
7,14, 21, 354 Ajspste] @A ulste] 23A T, Vg £, dF, pH
oAA Azt A3t

r-{m

Mo
Ha
d
fl

offl
rlo

S8 AR FFASIY] 273-231CE thale] Ao AAHI ox W= $xa g,
A7 2= v GA o] dti(Table 31). FEL 285-29.0% 2 vi$ <HAH e
U, pHE 82-1062 %4 7] 793 140l Fola 9.6-10.60]0 01}, ka] Fyjo=

%7
8.2-8.39] W& AHH XF RHTable 31).
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Table 31. Water temperature, salinity and pH estimated in the shrimp rearing tanks

during the shrimp culture

Days 7 14 21 35

Treatment & <

Mz
o)
I
¥
rlo
uits
Mo
oo
T
A
ro
ult4
M
o)
T
Sl
rlo
a1t
i
ae
.y

T1 273 285 108 249 289 96 251 282 83 231 290 82

T2 271 286 106 250 288 102 252 286 82 234 288 382

T3 271 285 106 252 287 106 248 285 83 235 286 83

T4 269 287 106 253 289 104 251 287 83 235 285 82

T5 270 285 97 252 289 97 252 285 82 234 286 82

%F47]

&

F¢H DIPe] WESAS Figure 379 el DIP v 79¢e
0.02-0.05 mg/LZ W& Eto}, 144 E 0.08 mg/Le T2 #3+S A9jstar 0.01-0.03
mg/Lo 2 TrASIATh T2 F3e] A9, 14Yde 23] F7istdvrt 21ddE oA
Faste 534S 2t AAFHQ DIP 555 FAd5e] Frbeh 34 3Ace 3599
0.008-0.015 mg/L o] HHZ HFAHL Fg& WPtk DINE T2 A9stie HAH
°2 111149 mg/Le] HHZ v¥u FAHA g el Ach(Figure 38). T2& <94
o] Fro g A 21Ydle o Fhe) Hls) 58] =& 025 mg/LE YElyth Lim 5
(2004)2 whate] FAAA FA gt HAEAA L] JTFE ZABIHEA, DING FEe
2 7)o 355365 mg/Le WME =gror}, Hx 7Aaste] 0.63-1.93 mg/L7 0.93-6.85
mg/LE AT wiA TN 2t 7 JEbdE Bustdnh & d7d4 DINY s&+
Lim 5(2004)2] 272 Asel $AGa, T2oM 9 Aoe By @ 58 BIch
olglgt AFE ety e AMS Un 2 ALS HIue hRA AEEFIE o] ¥

Aol 7IQlske Aoz AlgHU). Chlorophyll 29 FTE HAAZ Z7bste] 219
76.5-123.6 pg/Le W2 Hio olz23 3 35Udl= FAdle] 47.3-742 pg/Le MY
ok T3 e dejHoz 35U % Frheke 1061 ug/Le H5EF HHrh Chlorophyll

e

rr

o7

B
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Bacillariopyceae, Cyanophyceae, Chlorophyceae, Dinophyceae % Euglenophyceae?] 57}
TRTE FHSAY. FA7IE B S A EEFAEL Figure 409149} o] F
85% 0.8 TAHUL, 7Y 358, 14U 52%, 21dolE 46% 181 3B5Yd e 32F
LR FUdEE X7ldE FUEIALU AR BhdE AR Uyt 28T 249
FHEANME Z7dE FZ2F7F $Hste] WA e 435-647%F 1, o5 Ha Iz

THOE HEEFIEY o] wtHAEA 471%0l5tE HAEHT FERFE A F+e
o 35¢l 421-60.0% = 71 B F57t FAAT F & FHFORE ZEF £3)
= Oocystella radiosaS} TFZ 5ol

b

| <8}+= Thalassiosira eccentricaz}t 2719 $&&91, 7]
Ae O. radiosa®t AMFY FZ2F Oscillatoria sp. 10] 714 -3t 3549 AEE
FAEY £ dEFL tFY AT FE2FY 525 239 0. radiosad] A
Aeg AtrEn. ¥ 2Vl AHY F2FVE AR FRFEY Hol @4L Yusoff
$(2002)9] Ao}l AL Bt

i

2

- 148 -



0.2

0156 ¢

01 r

0.05

Total dissolved phosphate
(mg/L)

Days

Figure 37. Changes of total dissolved phosphorus in each treatment during
the shrimp culture: T1 (@), T2 (W), T3 (A), T4 (x), T5 (*). Bar indicates

standard deviation.
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Figure 38. Changes of total dissolved nitrogen concentration in each
treatment during the shrimp culture: T1 (@), T2 (H), T3 (A), T4 (x), T5

{ #). Bar indicates standard deviation.
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indicates standard deviation.
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Figure 41. Survival rate (%) and mean body weight (g) of cultured shrimp

Fenneropenaeus chinensis in each experiments at the end of the experiment
Bar indicates standard deviation.
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