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Isolation and Morphological Identification of Fresh Water Green
Algae from Organic Farming Habitats in Korea

Kim, Min-Jeong - Shim, Chang-Ki - Kim, Yong-Ki - Hong, Sung-Jun - Park, Jong-Ho -
Han, Eun-Jung - Jee, Hyeong-Jin - Yun, Jong-Chul - Kim, Suk-Chul

This study aimed to isolate and identify freshwater algae from the organic
agricultural ecosystems and investigate its biological characteristics to study the
possibility of utilizing a biomass freshwater algae in organic farming. In the survey
area, average water temperature was 12.4~28.2°C and the pH ranges were from 6.1
to 8.5. The solid culture method is more suitable than liquid culture method for
isolation of freshwater algae with lower contamination level and higher isolation
frequency. A total of 115 strains were isolated from six freshwater algae habitats
in nine regions in Korea. BGMM (BG11 Modified Medium) amended with NaNO3
and KNO; as a nitrogen, and Na,COs as carbon source was designed to isolate and
culture freshwater algae. Absorbance of freshwater agae culture has increased
dramatically to four days and decreased after eight days after inoculation. CHK008
of the seven isolates showed the highest absorbance in seven days after culturing
in BGMM. The optima pH of BGMM for culturing freshwater algae was pH 6-7.
As light intensity increased, growth of freshwater algae increased. Among the five
kinds of carbon sources, glucose and galactose promoted good growth of fresh-
water algae in BGMM. The colony color of purified 16 green algae isolates
showed a separation of green, dark and light green, and of them, eleven algae
strains showed a strong fluorescent light under fluorescence microscopy. Cell size
of the green agae showed a wide range of variation depending on the species.
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Genera morphology of the green algae strains was spherical. Chlamydomonas sp.
was dlliptical, and Chlorella sorokiniana was ellipsoidal and cylindrical. All strains
of the green agae except for Chlamydomonas sp. did not have flagella. One
isolate of Chlamydomonas sp. and five isolates of C. sorokiniana secreted mucus.
Sixteen isolates of 16 green algae were identified as two family and six species,
Chlorella vulgalis, C. sorokiniana, C. pyrenoidosa, C. kessleri, C. emersonii, and
Chlamydomonas sp. based on their morphological characteristics.

Key words : freshwater, green algae, culture, organic farming habitats
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8 F o] 19 4-16W1E SA T 4 UTK(Takeda, 1991; Benson, 2002).
2= LY ARE P Bol 78 52759 shol™(Lee and Lee, 1970; Huss
et a., 1999), Warburg(1919)°ll ©J3 F=2deto] thakujfr]so] A|d o= FFAdolnt
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© B35 QTH(Hernandez et d., 2009). =3 S=AHC. wigaris)2} A= Serratia
proteomaculanstt Senotrophomonas maltophilia®} &3t3sl1 A&3ste] EYNFAZ g =F
2 ZH AR Wl A=A A EN FEAgste] B AR s F

fu
Jo ot
q,
o



s AEARTE P95 SaF 745

AL
i)
Ne,
ot
=
)
offl
ol

2383 B 33k tH(Raposo and De. Morais, 2011).

Zzdg FAY A ZFZE(Chlordla growth factor) 2] 542 2-& Al (Faheed and Abd-
El Fattah, 2008; Hiroto et a., 1996; Ordog et a., 2004)= & o1}, Th2 2 & 1|3 F4&4&=
7F w23 2o gheko] 50% o] oE b Al Fe 7k mie o] Thaa Al ekl o 2 A
1 7HAE 1A o} AR 24 % 0 7 o] &5 o] FTHDOE, 2010; Geoghegan, 1951: Kang et
a., 2004; Krauss, 1962; Mahmoud, 2001).

2 APE 2298 FEE0] f7lF SE8AAR $5H Qo FELYE AEAS
2 & AEAADOZA P FEAS] &8 7hsdE ATt frls A

% <

2
= @
TTE ZALBE .

=

=i
=

o o

I
4
= A YAy 5ouny Este] 4Etal 54

j=d)

=
>
f— —
HU

ul
0=
oE

=
T
AT, 7= adA 5 As ol A9 77 BAN =, seE, AR,
=] E
- =

76‘ 1

of AAAZTE FHste] Eefstdth(Table 1). =3 B 27| Yefz|
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et a., 1988)2} BG11Hl A (Andersen, 2005; Stanier et d., 1971)¢] %AlS W3 BGMMH|A|
(BG11 Modified Medium)E 13t3te] HiA|FRFE HF 527 AH
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24-well cell culture plateol] 50 plo] B Z2F JAAES HAFsIAT 1 F =Y
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Table 1. Isolation of micro algae isolated from the six habitats in 9 regions in Korea

. ) Water No. of
Habitat Region temperature(C) pH isolates
Irrigation water | Seosan, Suwon, Jeonju, Nonsan, Gongju 19.5~21.7 6.1~7.9 15
Organic rice )
paddy water Seosan, Suwon, Gurye, Nonsan, Gongju 22.2~-254 6.8~8.2 25
Reservoir Seosan, Suwon, Hwaseong 20.6~26.2 6.4~8.5 30
Pond Seosan, Akang, Suwon 25.2~28.2 6.9~8.1 35
i Seosan, Akyang, Jeonju, Gurye, Nonsan,
River . 18.9~22.5 6.7~8.1 10
Gongju
Underground | e Dannyang, Akyang 124-135 6.2~85 0
water
Tota 9 12.4~28.2 6.1~8.5 115

Table 2. Composition of different culture media used for the growth of freshwater microalgae

Reagent B.GMMa 'BG11 medium Bold's basad medium
(This study) (Rippka et d., 1979) (Thompson et a., 1988)
Macro media (g/1000 mL)

NaNOz 10.00 15.00 25.00

KNOs 15.00 - -

NaCl - - 250
KoHPO, - 4.00 7.50
KH2PO, 12.00 - 17.50
NaHPO4 550 - -

NaCOs 2.00 2.00 -

Trace metal solution (g/100 mL)

ZnS0Oy - 7TH-0 6.38 222 0.882
MnCl; - 4H,0 - 181 0.044

MnSO; - H20 144 - -
MoOs - - 0.071

(NHa)eMoy - 7TH,0 0.71 3.00 -
CuSO;, - 5H,0 157 0.79 0.157
Co(NOy); - 6H,0 0.85 0.49 0.94
HsBOs 10.00 2.86 1142
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Reagent BGM M? 'BG11 medium Bold's basal medium
(This study) (Rippka et al., 1979) (Thompson et a., 1988)
Fe solution (g/100 mL)
FeSO, - 7TH.0O 50.00 - 0.498
Conc. H;SO4 1mL - 0.1 mL
Citric acid - 6.00 -
EDTA solution (g/100 mL)
EDTA-Na& 5.00 0.10 5.00
KOH 3.50 - 3.10
Magnesium solution (/100 mL)
MgSO; - 7TH,0 7.50 7.50 7.50
MgCl, - - -

Calcium solution (g/100 mL)

CaCl, - 2H,0 275 - 2.50

Vitamin Solution (g/100 mL)

Thiamine 0.15 - -

Vitamin B2 0.15 - -

Working Solution (mL/1000 mL)

Macro media 10 ml Vitamin Solution 1ml
Trace metal Solution 1ml Mg solution 10 ml
Fe Solution 1ml Ca solution 10 ml
EDTA Solution 1ml Digtilled water 966 ml

*BGMM : BG11 modified media

o BT 9 527 779 HE adz2de Fax, dAxelA s el
157F F =M B Alzz Ed99 7 55 Adste] 70 ml T-Z2k2==0) 30 mL
o] o BGMMHHX](5O ug/l Ampicillin, 100 pg/l Chloramphenicol) & 7] HiX| & 3}&] o 7]
o] 5%F2 FF(Glucose, Galactose, Fructose, Maltose, Sucrose)E BFAU O 2 1%% 713
A ol e iZ%A FFL AFeT 7Y wgEEA 2ASHE He] AY|(gEA,
2,500 Lux, 5000 Lux)°ll @& < 5279 A A=E vlustth. =3 BGMMHE| ] 2
pHHZ} ] W& PemzFo ASHEE ZASIA BGMME|A 2] pHE 0.IN NaOHS$}
0.IN HCIZ ©] &3}y pH 4-82 x4 wix|ol HFs ajdd &, UV-VIS EFF=A
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(UV-VIS Spectrophotometer 1201, Shimadzu, Japan)S ©]-83} 600 nm oA &3 %
(Optical Density, OD)E Z=4sldtt. T3k Fedn] 7oA &4 (Hemocytometer, Hausser
Scientific CO. Ltd, USA)E ©]&3td A3 F=dte] Axso B4F=AE o &3t
of 23 FEdety FREE Blwste] 1 oDl thE F2dete AEFE Saksle
224 w52 F435I3h

2

3. F=2de #39 A A4

Az A Z23 115709 &8 #5 F <= Mg & EdF 16 #79 4 EES
BGMM LA =] of] A Fated 7UZF vl F ¥, #F(colony)d] A Z2S ZAMSHATH =3 3
#-3std v Z(Ecdipse Ci-S, Nikon, Japan)¥} o]w| x4 =2 72(-Solution, Image &
Microscope Technology, Korea)= ©]-83te &= &gt #5592 A2 =7], autofluore-
scence DA BE(-, §la; + S ++, BT, +++, BT -+, oFF AE), AlE R
(Fagela)et & E(Mucilage) B4 7575 AT Bedn|FodA FFREs AHRS
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Fig. 1. Isolation (A, B) and conservation (C) of freshwater algae from the six habitats in

9 regions of Korea

Fresh agae were cultured in liquid media(A) and diluted-cultured on agar plate (B) with BGMM
medium a 2,500 Lux, 28C for 7 days in Shaking illuminated incubator with 200rpm or
Illuminated incubator.

2. MAl =7 gl B

G 5279 B 9 S fEl 7120 vMERF S HiA 2 Ho] AMSE A e
BG11ui %) 2} Bold's Basalvf A& ZAES Fusdte] ALY EZE NaNOs2 KNO;, g4

S 2 NaCOss AH8-3te] BGMMHEIAI S ZAlste] ARt 2ot dade] HE
< CIN®]&°] 11257} HA R 0™ 7]&l macro media®] 748 HAELCE AREE O W
MgSO; - 7TH,07 CaClz - 2H,05 macro mediadl] E3tate] A= A9 wix] W A Eo] 3
e " mx2Fo vl oj# %ol 1ol macro media 748 dEo2 FE 747 £
A E Alzste] Ao AE-3HATHTable 2).
oo B 99 52F @70 HF wdzde A, dAxeA st 2
T & @Y AZRES Hole 7/ ¢FE R wjUgd ol e S
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Fig. 2. Growth curve of seven isolates of freshwater algae measured optical density
at 600 nm for 8 days after inoculation in BGMM

5.0

g @ g
o o o

Population density of Chlorella sp. CHO003 (10° cell fml)
w
o

0.0

01

0.2

0.25

¥ = 3.3968% - 3.8889

0.3 0.5

Optical density (OB, 660nm)

Fig. 3. Estimation of population density of cultured Chlorella sp., CHO003 with optical
density (OD, 600nm) and cell numbers counted with a hemocytometer
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VIS Spectrophotometer) S ©]-83t 600 nm 3o A ZASHE §FS(0D)E ZASHE ¢
A FAn st A EFAE o] &t FF S2F{FO WEE A5t TR ASXA
o FRASTE Feta A4S AET AT, FBAS(R>0.05)E 0997801 UL AHE2

y=3.3968x-3.8889E & VAL BYon, @ 527 199 ODFHE 2.0x10° cell/ml
Ao 2 ALtE ATh(Fig. 3).

BGMM HiA| ] pH ®iste] mE H 527 #79 ASHSE FFEE ZASH vl
gt A3, Ao AH8-gH +F(CHO0003)= pH

3t 24 pH 40D 0.32)9} pH 8(OD 1.3)°A4 = 50% 016}94 —E%‘ETE: ol
W TH(Table 3).

2 rlo r:i

Table 3. Effect of pH levels on the growth of a freshwater algae isolate, CHOO03 cultured
in BGMM liquid media for 7 days at 28°C under 2,500 Lux

Population density of CHO003 isolate (OD, 600nm)

Isolate pH
1 Day 2 Days 3 Days 4 Days 5 Days 6 Days 7 Days

pH4.0 040 a 040 c 0.50 d 051 e 052 e 051 e 032 e

pH5.0 051 a 062 b 073 c 085d 145 c 168 c 209 c

CHO003 pH6.0 051 a 077 a 109 a 138 a 218 a 235 a 275 a

pH7.0 052 a 0.78 a 0.88 b 129 a 185D 207 b 232 b

pH8.0 0.53 a 063 b 0.76 ¢ 0.98 c 105 d 123d 135d

* Means followed by the same letter within same column are not significantly different (p<0.05).

Table 4. Assessment of the light intensity and carbon sources for the growth of freshwater
algae, CHO003 measuring optical density at 600 nm for 7 days after inoculation

Carbon source Optical density (600nm)

(1%, wh) Darkness 2,500 Lux 5,000 Lux
None 0.00 c 002 c 018 c
Glucose 045 a 055 a 0.66 a

Galactose 025 b 027 b 033 b
Fructose 0.00 ¢ 0.04 ¢ 014 d
Maltose 0.00 ¢ 0.03 c 014 d
Sucrose 0.00 ¢ 0.03 c 012 d

* Means followed by the same letter within same column are not significantly different (p<0.05).
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T FRFeF o] AF)(¢=A, 2,500 Lux, 5000 Lux)7t B 5272 A& nx 1
< AR AR, Do A7t AEE 3 52R7Y FEET ST eH 55 R
o4 1% Glucoses} GaactoseE 7S o B4 27 ASo] 2 AL YEyT
SN = 5EF I FolA 1% Glucose®t Galactosedl| A5+ #15F 0 ™ Fructose, Maltose,

Sworoserh bR WACIAE w4 xR AeA e 2SR UelsthTale 4)

=9
7 YR F

3. =R e &4

PR /ol AHES B 2/ 1670 759 7% A2 7= 4 (green), 57 X%
A (dark green), 4= AgH=A(light green)S YERY SATH(Table 5). =38 33-@ 1] 7 (510 nm
zZt A7 Uetdle 8% Qo] A=E AR 29, 16709 +F =

< Yetdil e cHoolZ 7 71 ok 3 He YERIRL
‘:‘r(Table 5, Flg. 4). Zd oA Bed 11579 Bel 73 F FHHos TU Axo] Ju
E e e Y ZEdT 16019 SEES FEA] 5Aed os 4T A

Chlorélla wulgaris(6¥5~), Chlorella snorok|n|ana(4ﬂ_1L ), Chlorélla pyrencidosa(2+=), Chlorella
kesderi(2e+5), Chlorella emersonii(1+=F), Chlamydomonas sp.(17F)2 27 4 67 S22
TEE A TH(Table 5, Fig. 4).

G 527 167 7579 AE Arle 2ARRE 7 ggRE HolE Helerw, C
wulgaris®] A|EZ =7|+= 4.0~4.6 um, Chlamydomonas sp.(CH0059)<} C. emersonii(CH0004)2]
M3E F7)1= 447 11.5~21.4 um, 12.4~14.3 im©| AT}, C. sorokiniana®] A|3E Z7]+= 3.3~4.3 um,
C. pyrencidosa®} C. kesderi= ZtZt 4.0~4.4 im3} 2.4~8.7 m°] A THTable 5). =3 A 2] 9]
7ol Fe= R T3 (Spherica)ol R o v B F(dlipsoida)S YEME 35 I
=3 Chlajwdormnas p. CHO059 #+= EFYE ol o™ C. sorokiniana CHO018T == 73
I 3ol 4o AAH

S 167H w9 HE 72 fFReol HEAE JAS ZARHAEY Chlamydomonas
$p. CHO059 w+& A9lstal =& Chlordla w55 HEE 7HAA & Aoz #EH3
o =3 167 7 T UiEEY 7 AEAES BHsHA] ¥e ZoE #EEHJYOU
Chlamydomonas sp. CH0059%} C. sorokiniana CH0001, CH0018, CH0063, CHK002 578 <+
7t AIZZHE JAEES EHlehe 2 oE #EE UK Table 5, Fig. 3).
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Table 5. Morphological characteristics of 16 strains of freshwater algae isolated from six
habitats in nine regions in Korea

Isolate Species C;I)lc()) r:y quorA;nc;oea Radius(umfdl -~ Flagelld’| Musilage®
CHO0001 | Chlorella sorokiniana Green + 34~36 | Spherica - +
CHO0002 | Chlorella vulgaris Green ++++ 4.3~4.6 | Sphericd - -
CHO0004 | Chlorella emersonii Green +H++ 12.4~14.3 | Spherical - -
CHO0016 | Chlorella pyrencidosa| Green ++ 4.1~4.4 | Sphericd - -
CHO0018 | Chlorella sorokiniana Green ++ 4.2~4.3 Eclzl/ilpi):;ir(ii?d/ - +
CHO0019 | Chlorélla wvulgaris Dark geen ++++ 4.2~45 | Sphericd - -
CHO040 | Chlorella kessleri Light green ++++ 2.4~8.7 | Spherica - -
CHO045 | Chlorella vulgaris Light green ++++ 4.0~4.1 | Sphericd - -
CHO049 | Chlorella kessleri Light green ++++ 24~8.6 | Spherica - -
CHO050 | Chlorella vulgaris Dark geen ++++ 4.2~45 | Sphericd - -
CHO0053 | Chlorella wvulgaris Dark geen ++++ 5.2~5.4 | Spherica - -
CHO0059 | Chlamydomonas sp. Green ++ 11.5~21.4 | Ellipsoidal + +
CHO0061 | Chlorela wulgaris Dark geen ++++ 4.0~4.1 | Spherica - -
CHO0063 | Chlorella sorokiniana Green ++ 4.3~45 | Spherica - +
CHKOQ2 | Chlorella sorokiniana |Light green ++++ 3.3~35 | Sphericad - +
CHKO006 | Chlorella pyrenoidosa | Dark geen ++++ 4.0~44 | Spherica - -

® autofluorescence intensity : -, none; +, week; ++normal; +++, strong; ++++, very strong.
bFIageIIa: -, none flagella; +, flagella “Musilage : -, none musilage; +, musilage.

o o

CHO049: Chlorella kesseri (X1000)

CHOO00L: Chlorella sorokiniana (X1000)

CH0018: Chl

____CHOOOL: Chiorella sorokiniana (X1000) | CHOO18: Chiorella sorokiniana (X400)

R
CHO06

i

el
1: Chlorella wulgaris (X400)

rella sorokiniana (X400)
I,!‘V
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CHKQ002: Chlorella sorokiniana

.

P
K

CHO0016: ChIoreIIa pyrenmdosa (X400) CH0045 Chlorella vulgaris (X1000)

CHO059: Chlamydomonas debaryan (X400) CHKO006: Chlorella pyrencidosa (X400)

Fig. 4. Comparison of transmission and autofluorescence images of unstained cells (left)
of 16 freshwater algae isolates in bright-field and fluorescence modes (right) with
510 nm long-pass filter
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Al ZEFE IR 22 A4 E, AR, HIE, |
° g 9]

=
2ARA FEE 2 1 TH(Choi, 2004). & o= A E38H3
A8l PAZFRE o] &3 IBAAR] Fd 9 tr]edd AAYIES MLEta ATHIeon et
., 2008). w2 oz Frdete] THH &8 B3 AT H EA, Stirk et d

(2002)& Z=dg
oyt &4l (auxin) 3 2
st 229t w 31 &8 7heA S AASHAT

Vonshak(1986) = g 2/7F FEE AR S &
sted 3}eA 9l #4 %’5‘}04 AR = Zo] dRbAolgt Kk vb

A Z2FE AT73E7] AEE 237) 00 Allen(1966)2 =%5/<! Anacydtis nidulansE &
S H(standard plating method) < ©] 83t AFH 02 A #F5 EEste 7S &
NstAd et FUol A= Cha et a.(2008)¢] S 2dgte] YA 7 2AEE A A
A Y] EETEY] S22 S| MGHOERE 15% agars =
Ao} wjgols =@t colony7t Sto g B wj7hA] vjekste] Fe7) ¢-Fatal Aol
2 colonytte &g BEE 4 Aokal Buskgith Bgt

AR Y=o B2 AFANAE 527/ T APA SR o] &UHAVE £ SR g
LA WS S8 AR e Be ATE JAPsHATh EH o2 dAade] F

o} AAdy} 14k Hlgo] FEH o] YA F(biomass) SEZ2EH(q b) FHS AAA
F2 g9log B39 th(Jeanfils et d., 1993; Huang et a., 1994).
2 AT e 423 G 527 g 2 mjdS A8 ALY EE NaNOs2t KNOs
E AHESt gAY o2 = NaCOsE AHE3tH 7]£2] macro medias] 74 AESZHH
MgSO;, - 7H,03} CaCl,- 2H,0E £2]3 BGMMH| R & 723153t

l-:ZE_/] /\gzl—oﬂ JJ_9_51. _Q_O]Z]—E_FJ .%]_,jr zl_/;\_ J%%_/'\_glou:] 19,]0]] p K

, Ca S, Fe Cu Mn, Zn 59 FV|9F%E ¥Qa3 zHoz HiFHJAHOhHama and

Mlyachl 1998). w3 S=H e Wiz FolA /L v E o8 9 Bl ol
A ] FAoly DHF viYgrE ol 88 A FFsol FAE 7P ©ol o)
Ha Y= Ao 7 BHiuEtHMata et a., 2010). 3+ Blo] ubako] u}E Chlorella sp. FC-21
o WiFEARS A3 A AMupAto] 7 A3 A0 2 HsTHLee et d., 2011).

ZRE FNA BFste slgFERFot FrolA ASshe FrE2FE UrH FHEH
of me} Seto® #zo] Thegt v, I T AR ArA R dFEHE
Chlordla, Spirdlina 59 FIMZFZ FE312 JAth(Kanetsung, 2002). T3k =
292t =7+ A4 2-10 m BEolH FEjF o2 TAEe] 7P ACE Hiy

mlru
5|
ot
ok
=)
X
N
Ju
-
rr
[1TR=i
BN
1>
e
2
rlo{v
o
rhl
E
rlr
ﬂa
e
i
Ny
2
;
=

_L
N
N,
rlo
1>
i
o=
o}
B[\
™
lol

[o UQ
JF
BN
i
1o
ii
03:
rlo

Q
[u

o
N
AN
o
K
__>‘~1_41
=
N
=2

fr g

=
N

4

o
il
[
i

32 o



756 PEEPRE T RERIPE S ENE S

%
rlo
ol
R
oflt

N

TH(Takeda, 1991; Cho, 2004). & AollA && 16719 B 52/ o Ax 27 +F
vt} theFst WHolE HYPET|, C. emersoni CHO004(12.4~14.3 im)E A3 tfF-E2
Chlordla 2] Al =7]& 2.4~8.7 im°] 1 2.5 Chlamydomonas sp.(CH0059) £2] Al =17]
= 115214 mE 2 HolYth

Shihira and Krausg(1965)+= S =de}t 2|50 tist Agd 547 Fefz <l S o}
g 42 ERSt Rustth a8y F2des e o g fAE zgs $
oyt o] &at= ol meh FEjFQl WHolrt Adhr] Wi AEH EREEelY &
A ESHAQl B o2 FA37]7F o §ul(Fott and Novakova, 1969; Wu et a., 2001).
SRS 2} SZ2F{FE OF 8000F o] AR HuH glon nAx{Fes 28
23 (Chlorophyll)e] ZFol wet 670e] ZFoz Jrolxtta B 1w dtkSheehan et d.,
1998; Jin et d., 2008).

B AFolA H=olA EE3 115709 @ 527 o7 5 JuF o= 5UT 167
FeETY el EAS 2AEIES W, C wilgaris(6+ ), C. sorokiniana(4+=7), C.
pyrenoidosa(2+ ), C. kesderi(275), C. emersonii(1¥57), Chlamydomonas sp.(1¢57)& 27}
%, NToE TS 7 U

Stanier et a.(1971)= =Z7F<! Chroococcales®] DA X FF7] 7HA]

EFHS AYste 34 e aFow BFS £ v B

(2013)2 FHUIRES] FAAZHE Eo] EXlets 2/E #elste] Fedn 47 a4
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A& 45 THL 9
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F71E8d AHAZTEH HF 527 757

Rt FAIF 78] #F F CHKO08 7k vl ¢F 740l 7HE £ F3=E Bt &
= mz= pjoko] = §} MM HjA]&] pHE 6~70]1 L A= Qo] Fa42 A§o)

3k BG ]
FF Fo)4 Glucosee} GaactoseE H718tRS wf S22eke] 8o

F7Ftlon 55/

k. &7 S 16 527 7Y #3AE F4, 154, A5AS Yeiiia, 1
Mo w57t FFAn A A A FF HES VERT 527 1670 59 FEA
EA4S A A3} C. wlgalis, C. sorokiniana, C. pyrenoidosa, C. kesderi, C. emersonii, and

Chlamydomonas $.9] 271 & 6/ %22 BASAT B 5279 A 27)& v o
3 Hol 5 Bt U2 g 5279 AZxd = 73 ]tk Chlamydomonas sp.+=
EF30]913 Chlorella sorokiniana® 783 EFd 3ol 4] Tt 67 S2F 7/ %
Chlamydomonas sp.& #1913k =& 5= H=7} )11tk Chlamydomonas sp. 17] #+%} C.
sorokiniana 571 @55 AZA A HAES BusaT)

Aoy - ', H2R7, 54, MY, 771F A

[=EH,Y 2014, 11. 7. =854 Y 2014, 11. 17. AFE=E4H Y @ 2014, 11. 17]
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