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Microalgal biotechnology has gained prominence because of the ability of microalgae to produce value-added
products including biodiesel through photosynthesis. However, carbon and nutrient source is often a limiting factor
for microalgal growth leading to higher input costs for sufficient biomass production. Use of municipal wastewater
as a low cost altemative to grow microalgae as well as to treat the same has been demonstrated in this study using
mini raceway open ponds. Municipal wastewater was collected after primary treatment and microalgae indigenous in
the wastewater were encouraged to grow in open raceways under optimum conditions. The mean removal
efficiencies of TN, TP, COD-y,, NH3-N after 6 days of retention time was 80.18%, 63.56%, 76.34%, and 96.74%
respectively. The 18S rRNA gene analysis of the community revealed the presence of Chlorella vulgaris and
Scenedesmus obliquus as the dominant microalgae. In addition, 16S rRNA gene analysis demonstrated that
Rhodobacter, Luteimonas, Porphyrobacter, Agrobacterium, and Thauera were present along with the microalgae.
From these results, it is concluded that microalgae could be used to effectively treat municipal wastewater without
aerobic treatment, which incurs additional energy costs. In addition, municipal wastewater shall also serve as an
excellent carbon and nitrogen source for microalgal growth. Moreover, the microalgal biomass shall be utilized for
commercial purposes.
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A= kAR A4, 7129 st 39 A 59t
o] @ x| 11 Jth(Park et al., 2009).

7129 @& g EAES Bt AESHE 3
Holl theket FAES H-85ke Ales0] S71shL Jlth(Park et
al., 2009). 9FE.2] (membrane bioreactor) IH-& 22} A 9
o7} £EFHo| BHRET FE ARATGLE 8] RAAS
o] 2w, T MLSS $4 3 £& S8 AA L 7|2 B4
AR 3 &R LAY 22 o] Yrk(Gander et
al., 2000; Melin et al., 2006). L&}, 9t88] FHL 11719 &
uzl Wastel, YR U oYRH L] e HE 4
T A Fo] YA gol 2AxY Meo] o AAoJthKim




and Yoon, 2001). 3} 9] uhite] -2 v o x| ¢}
=2 YR S3ES A8 =T 271E ot ZU|2EHE ¥
7128 FYEE S NO-NY g3foz E7124d9 3
ol o9 1 HE7|=o] dgetA] g Dol th(Heo et
al., 2003).

kA oje} 22 7)E 9] UNHARQI st di4le] 2
29} Qlofl gk 2 AA BE&E 7= NIRFTE o83 A
2] 7ol steAfegHol A8 A=Hir Irk(Carberry and
Greene, 1992; Lau et al., 1995; Gonzalez et al., 1997, Martinez
et al., 2000; Rectenwald, 2000). 31220 o] & 5= n|2F
= FIE B39l olikdgta 5 o835t sl e frlE
T AL, RS Feote] A4 = 97 Wiiel 3FedE
Ag AT EA0] $8T vloloujAS AR 4 Ut
(Wilkiea and Mulbry, 2002). 3}=3] 2] 23 oA A= m| A
2R D 3fo] ol kil TFEALR 9 o] 7] Ho|R
283 5 UtK(Soeder, 1980). £3] Lol 187 APl
A 7] SR HA vl 2 7oA Hlol TS &)=
A37} FE vk31 It (Guschina and Harwood, 2006; Chisti,
2007; Pittman et al., 2011). || ZF= 1A vlojedgo] ¢
22 AME 7)2 22| ula] WalZo] Hollhx ve) waw
RAepo] Lou], AA B2 7o) G uHA) Fecte &
o] QItH(Chisti, 2007). 18]l oJAlSlgt4a 1A LElo] Q1o
o, Blo| et AE AAbstal F2 nA 2R RAEE S8 &
&, A7), vto] e &etA g 5-& A 4= ¢lch(Aaronson and
Dubinsky, 1982; Melis and Happe, 2001). ©]&|3t o]-F-Z H}o]
LA AAHE-S Fo]7] Y3t A7t S| o] Foj 1L gle
™, 3t HeE 0|85t HAZRFE £ v FAILH A HjeF
TN HA|2F v £285E HEE Eole Ao] 7MY
HAAQ dietolth. mabA £ dAtof| A= m)A| 25 vho] Quf A
53} 7|E A dHE RSt 5= = 7HeAS gotR
I {7148 " &9 223 i Al2"(mini raceway
open pond)& A&}t E3 0| A| 279 ¢S 58 ZA
A A EE /714 #HeY 22833 7HedE 'Aska, AA|
714 "= Aslehe rAE 23 AR 23S 24
e & o B4 8kaLRt gt

WEETTE

22| HiQF AJAE
StFTA G FUEE 7714 H5e 22ARE A
M| 25 2-2uF A 2"(mini raceway open pond)S A X]5}
k. Mini raceway open pond 2] Z1o]+= F 30 cm, €3] 60 LO|
H, Z7]& paddle wheel & ©]-&35}o] 2F 2 mo] 25 §4 30
cm/secZ &35t t} Open pond HjFH Q] &= 19-22TCE
AT FH-2 HFTS o835 o AAZH I Wt 9
3| light/dark cycle (L/D cycle)2 %131, HRT (hydraulic
retention time)= 6 U2 HIH&A)| 0 2 27351 0w, AF o A}
£ 7714 Hae dAA st A gy A JA
A& AA 272 So1717] AE o83ttt /7148 #H<9
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Hat AAH20114 19-20124 39)-2 BOD (biological oxygen
demand, ppm): 148.58 (+19.26), COD.mn (chemical oxygen
demand, ppm): 95.38 (+5.27), TSS (total suspended solids,
ppm): 144.60 (+14.49), TN (total nitrogen, ppm): 38.52
(£3.12), TP (total phosphorus, ppm): 4.34 (+0.84)E UElHT]
Mini raceway open pondo] HZ£3t EZ u| |2 HFE= 12} AR
Yol A A5l n| |2 7S 2 E535}o] mini raceway open pond
o AEstAtt HET BEZ nM2F9 3417171 ), 571
d B9 uiEglo] 6Y7t 248 o, 64 & FFS EFL 1|
Nz277F 43t SAHE EZ nA2FE gHE 525R7e
HeE vebdch 2 4% 2] mini raceway open pond+= tA
SEUA o Atk

SEZ MU

A= 045 pm wpo]|32 B2 2 oZg & TN, TP,
COD-ym, NH3-NZ £43}9th TN, TP, COD-pp, 2 NH5-N&=
Standard method & ©]-8-5}¢] 235} tHAPHA, 1998).

OMZER 43 53

wlA 259 4AE 1253 5 chlorophyll-a2 253tk
AZZ%F2 mini raceway open pond B2 10 mlS 0.45 pm
ufo] 22 ofzAjo] A2 F 105ColH 24AI7HESE Az5te] =
A3ttt Chlorophyll-a:= 90% oMN|ELS.Z F&3}4] 750 nm,
664 nm, 647 nm, 630 nm<] TAL o 2 Z=AF}FTHAPHA, 1998).

DNA F& 4HH 2 PCR =AU

Mini raceway open pond®] n|E #3|2 EAJ35}7] 935},
E2}- e sk 7|42l Denaturing Gradient Gel Electrophoresis
(DGGE)E o|-&3}%t}t. Mini raceway open pond 274 1444
9] vjoFol 1.5 mlZEE| FastDNA Spin kit for Soil (Biol01,
USA)E& o]-8-3}o] total DNAE F&31510H, | E ¢S
gl5l7] 95t A|RZHE 42 DNAE $3 22 1x} PCRY}
nested-PCR BFH2-& £33} it} 12} PCRE 27F (5'-AGA GTT
TGA TCM TGG CTC AG-3)¢} 1541R (5-AAG GAG GTG
ATC CAN CCR CA-3")& o|-£35}4] 50 ul Qo] 1x PCR buffer,
20 mM MgCl,, 40 mM dNTP mixture, Z} primer (I pM),
template DNAQ} 0.5 U Taq polymeraseS 37}l PCRE 4=
33} ch(Muyzer et al., 1993; Muyzer, 1999). ¥F-3-Z2 42 41
94°CollA 5 min F<¢F DNAE WAAIZ] & 94T oA 45 sec
denaturation, 56 CoJ|A] 45 sec annealing, 72°CollA] 45 sec
extensionZ 30 cycles2 5393t & 72°C o)A 7 min F<F final
extensionS 43§35}t Z+Zk2] PCR AHE-L ethidium bromide
QA F 1% op7k= 2ol A 15}tk DGGE 2412 9l3hol,
12} PCRO] ZZAES F3 o =2 22 PCRS 35t o
16S tDNAES Z=E317] ¢ste] AMEE primer:= 4079
GC-clamp7} &2 341F-GC (5'-CGC CCG CCG CGC GCG
GCG GGC GGG GCG GGG GCA CGG GGG GCcC TAC
GGG AGG CAG CAG-3")2} 786R (5'-CTA CCA GGG TAT
CTA ATC-3")% 0|43} th(Ishii and Fukui, 2001; Jaspers et
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al., 2001). T3+ 185 rDNAS ZZ3}12} SR-4F GC (5'-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG GcA
CGG GGG GAG CCG CGG TAA TTC CAG CT-3)2} SR-7R
(5'-TCC TTG GGC AAA TGC TTT CGC-3")2 Z+Z} A3}
th(Nakayama ef al., 1996). 2x} PCRZ £J3} PCR mixture= 1
2} PCRo| A8 A3t SA5he], AL§EH PCR MFSA7E 94T
oA 5 min < DNAES HAJA]A, 94°C oj| 4] 45 sec denaturation,
60C oJ|A] 45 sec annealing, 72 C o] 4] 45 sec extensiond}3l 72°C
o]| A 7 min 52 final extension-& ~3Y3}th Annealing 2=+
Z7)0ofl= 60 C oA AJZ8IA] 1 cycle B 0.5C 7H4A3HA| 20 cycles
Y39, I & 50C oA 15 cyclesS 43319 touch-down
PCRE &+83}9 11, 22} PCRE] AFE-S 0]-8-3}e] DGGEE =3
s} tH(Muyzer et al., 1993).

DGGE =7

PCR AFH22 Dcode™ System (Bio-Rad, USA)S ©]-2-35}¢]
DGGEE 433} thMuyzer et al., 1993). Denaturing gradient
gel2 10% polyacrylamide (37.5:1=acrylamide: bisacrylamide)oj]
urea®} formamide AR E 40%-70% 74| s=FH|7F FAE
=5 Hrtste] Alztstl o™, A2 DGGE gelof] PCR 5-34F
=< 30 WA loadingd}e] 1x TAE buffer (40 mM Tris, 20 mM
acetic acid, | mM EDTA, pH 8.0)6]4] 60°C, 115 V& 194]7F
¢ A71955HTh A719E0l ' DGGE gel ethidium
bromide (1:10,000)o|4] Mgt &, UVE F213}E tH(Muyzer
etal., 1993).

7 IMEEM

DGGE gel Afo|A] Th2 917]o] ZA5Hs DNA BHES 3]
2517] 9J5tel 2t2be) band® Mg F, Fehfol 3 W
50 W A7kstar 4 CollA skt 5< BAske] 5 Fst
St} Bando| Al 345t DNAE 33 © & nested PCRO]| AF&-3H
primerE ©]-&38to] HFE-S $3PFom, PCR A2 o2 A
Ao & A7]%%535}o] DNA recovery kit (QIAGEN, Germany)
Z A3 % cloning 3t} Cloning-2 T-Blunt vector (Solgent,
Korea)E ©]-&35}%) 1, manufacturer’s protocol-S w2} =345}
16S rRNA gene¥} 18S rRNA gene?] G714 82 ZA5t3ch
ZAE G974 E-S NCBI (www.ncbi.nlm.nih.gov)2] GenBank
databaseZ ©]-8-5}o] BLAST searchS £3]] 245} th

Zm Y

[

Mini raceway open pond2| & Hsls

2 AFolAe= EAA Bt §714d HeE o835k
mini raceway open pondo|A EZF n|N|2FE vljoF &, ufjoFl
9] A% TN, TP, COD-mi, NH3-NE £413}0] mini raceway
open pond®] §714 H4 H3HsEE HrIstch EZH mini
raceway open pondo]] ©J8t vkl o] =28 H|ws}r] 95}
BB UH Y A RN AT} v WY T AT B
9] A 7]&-L2 COD: 40 ppm, TN: 20 ppm, TP: 2 ppm©o]|th.

Aol AHEH 12} FJAR] W-74=2] TN B 36.45 ppmO|
™, mini raceway open pondZ ©]-8-5}o] A 2|H X249 TNS
Bt 7.35 ppm, &R Tl Q& AH 2F FFee
TN B4t 17.74 ppm & 2 e THFig. 1A). B3 244&2%]
FTHO TN AT &L Hat 50.43%°]H, mini raceway open
pond®] TN A &| &8 i 80.18% 5 WUEFH I THFig. 2A). 9]
Ao2RE RS ol 8wt $714 A} A Ao
St FEE VA Qo EEE A TR ARagRt
=2 TN A EE&S UehdS 1% = it

w5k Ago] AH 13 B4R YRS TPE B 431
ppm O, BAEHR] TR 9o AE HF HFY TP=
B 0.23 ppm©] Ut} HFHOY mini raceway open pondE ©]-&
sto H A2 FE viger A 2|42 TP Hat 1.52 ppm o2 &
A&eA TR A & UREHe YRkt 22 TPE
HIch(Fig. 1B). E3F 9l AA AgasS vus &, 24<
#HA ¥ TP HZEES Haf 94.50%°]H, mini raceway
open pond®] TP M &L HT 63.56%= Vel glo] TP
9] Aoz E&EA FHY HEago] =22 ¢+ U3
CHFig. 2B). SHAITE o] ATk EAIFRRY WA 527120
=S - A3 422 2 A mini raceway open pond+ 2l A|
Aol erele A2Hg Urehica ek 4= 9l

7178 H429] COD-vini= B+t 99.6 ppmo| ], &2 7] F

(A) i Influent

Activated sludge process
—&— Microulgal treatment

Time (day)

Fig. 1. Remove concentration of total nitrogen (A), total phosphorus
(B), and COD-mn (C). Squire, influent; triangle, activated sludge
process; diamond, mini raceway open pond using municipal wastewater.



Hol| o3 A=H W74 COD-vin= Bt 12.98 ppmo] ATt
Y1 of] mini raceway open pond & ©]-85}] n| | ZFE vl st
A= Pt 22.13 ppm o2 BYEHA] IR = AT T
FoEt 52 COD-wiE EStHFig. 1C). 12| 3L COD-mn A A
AP aE&E vus) & o, @4&2X] Y COD-ww A a&
2 3t 86.44%©], mini raceway open pond2] X a&L
T 76.34%F UEFH AL §lo], B4d&=A] 3 Y COD-wi A E
B8] 252 ¢ 4 USItHFig. 20). SHAIT Z=ASH=2] W
4 A7 &0 TESlE= 27|22 mini raceway open pond
£ COD-wn Al AN = &gt A35 Uepdtha B 4= gl

ERE 7143 #5922 NH;-N= H 23.1 ppm©| ™, mini raceway
open pondg o]&3ato] nA|ZFE viFst v o] NHa-N&=
B 0.58 ppm O 2 (Fig. 3A) HaF 96.74% 9] =& A7 8L
2 ¢ H(Fig. 3B). Mini raceway open pond& 3t 0|27 9]
7173 H4=9] A7 A NH:-N2| A A5 o] uf-¢ 33 A%
gt Atz #dEY, ol M| 2Fu ujgEe] o] &8 5 Y=
U4 e Q1S o 2 913tk NHNi tlE 5o k4]
WEHd o= ofgo] 7Hsst FHiY] A4z A=A vt ndE
0] A%3FEA NH-N9| 527t WA] ZHagh Flof] NO:-N2|
227} A E=1), o)== nitrate reductase?] §HAJo] I
Yot o] FRATA oA JAE7] HEQ AR LA 1L
Ath(Morris and Syrett, 1963; Syrett and Morris, 1963; Smith
and Thompson, 1971; Guerrero et al., 1981). <, NH3-N<}
NO;-N7} &7 £A|51H NOs-N Bt} NH;-N7} HA HAdE &,
NO;-N9J 5 =7} ZHastA "t

E 3= mini raceway open pondE £3 u|A|Z & vljoFo
2 {4714 "5y 4 F3sS gAd £ 43, TN, TP,
COD-win FEOA BT EA8K BHRa $27]30 53

A)

Removal efficiency of TN (%)

(B)

Removal efficiency of TP (%)

©

Removal efficiency of COD (%)

Time (day)
Fig. 2. Removal efficiency of total nitrogen (A), total phosphorus
(B), and COD-w, (C).
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AIE A 7|29 =Sk A2 BeA ST
vlastolE w5 W AYE Bk Ao A 5e2 &
AEBA FHETE 30% £2 E&5 e, o AA 94
R A2 BE5she e2E EACH, COD-w SA B
o A7 Faehe Heke g 2 ARlaes st
Ak 71&9 BAEEA T2 w9 & AAs] st
of 3eha XFE F3t AT $48& 73 vhde 1)
Mz=F ogS S skeAlzls SHAIRE 22 stshy A2|7t
=Zastd, 374 A2 glo] WRe +A7Ieel Fshe
TR ASAAL 5 e AHE 7P (i o] 23E T3t
of mAlEF g o187 7714 HeAE] £l BEed
A FHE Tkl R sA7| HsHA A2lE Rt
FARE #Eo2 {714 HeE A3 & e The S

st

Mini raceway open pondLiS| OJME ZEIEM

Mini raceway open pondE ©]-83F n|H| 2% vjko g2 {7
A HE J3sthe vE 212 7+ 5272 Chlorella
o} QiEgo|gt £2H 27), 47 &2 87 T AlZEo] viEE
o] LA E o|F = HZ 7 Scenedesmus7t -3 HcHFig. 4). $-
A3 ulA| 27 A7) whE A ERlsh] flel AxFE
chlorophyll-a® 2435t $UFE §714 40l AxE
2 4 0.111 g/Lo]H, mini raceway open pondU] 9] AZFTF
2 HF 0463 gLE FAEE= AL ERIsHh B3 FU==
714 #H<49 chlorophyll-a:= 4+ 1.8 mg/Lo]H, mini
raceway open pond+= H+t 121.06 mg/L 2 F-XEH+&= Z-& g9l
3} th(Fig. 5). Mini raceway open pondW|¥] u|A| 272 Ax
%3 chlorophyll-a®] 57 A& B3l MR RS0l 4 &
A== A 31T 4= S5

Mini raceway open pond 27 14U%K|o] ujofFH o ZHE
DNAE 3£3}¢] 4Hlg|g|ol8 universal primerZ 2%l
341F-GC%} 786R primerS ©]-83}o] PCR ZZAHES 431,

35
(V) —m e
30+ —&— Microalgal treatment
B
2
&
7z
o)
=
4
!

(B) 0 2 4 6 8 10 12 14
= B Microalgal treatment
£ 100%

Zz 90%

= 80%

Z 70%r

S 60% r

g s

g 50%

2 40%

£ 30%

= 20%

2 10%

E gt ‘ ‘ . s ‘
=4

0 2 4 6 8 10 12 14
Time (day)

Fig. 3. Concentration & removal efficiency of NH3-N. Squire; influent,
diamond; mini raceway open pond using municipal wastewater.
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Table 1. Identity of the bands obtained from 16S rRNA gene and 18S rRNA gene DGGE profile of mini raceway open pond

Band no. Accession no. Closest relative Similarity (%)
bl EUS580696 Rhodobacter sp. NP25b 96%
b2 EF626688 Luteimonas aquatica strain RIB1-20 91%
b3 AY559428 Porphyrobacter donghaensis strain SW-132 97%
b4 AB033326 Agrobacterium sanguineum strain A91 97% 16S rRNA gene
b5 AJ315681 Thauera aromatica strain S100 99%
b6 DQO011529 Porphyrobacter dokdonensis strain DSW-74 96%
b7 EU580696 Rhodobacter sp. NP25b 98%
el FR865683 Chlorella vulgaris CCAP 211/79 99%
e2 FR865738 Scenedesmus obliquus CCAP 279/46 99%
e3 FR865738 Scenedesmus obliquus CCAP 279/46 99%
ed FR865683 Chlorella vulgaris CCAP 211/79 99%
e5 FR865683 Chlorella vulgaris CCAP 211/79 99% 18S rRNA gene
e6 FR865683 Chlorella vulgaris CCAP 211/79 99%
e7 GQ499385 Spizellomycetales sp. JEL 549 97%
e8 FR865683 Chlorella vulgaris CCAP 211/79 99%
€9 FR865738 Scenedesmus obliquus CCAP 279/46 99%

o7t= A Aol Al Cl/F R 486 bp2] bandE ERISHHTHALR
A, RAERE oS BAsted 8% 71Hd
DGGEE ©o]&-3to] n|AE 79 thd/dS =AM 2, Fig.
59} Zro] DGGE gel oA th?t bandsE &0 4= AU
E3F DGGE profileA] ZF bands2HE] 343 DNA 7|44
= 273}0], NCBI9] GenBankE ©]-&3to] A5/d< HlaL 74
3141, Table 17} Zo] B4J5|gich. ue|2lo} 165 rRNA gene
of disliA 77} bands, AHAYE 18S rRNA gene2 97} bandso||
i 97148 L ARt

g 2]o} 16S rRNA gene 2415 2}, 5379 whe| 2o}
2 EA59th. DGGE band bl b72 BALEHA Ye
COD-yi @t TKNE] AlA &LE Z7HAZIth B 1% (Huang ef

Fig. 4. Photographs of dominant microalgae cells visualized under a
light microscope x1000 in the mini raceway open pond using
municipal wastewater. Scenedesmus is oval shape and Chlorella is a
circle. Scale bars: 10 pm.

al., 2001) AFA8]EA)|Hpurple nonsulfur bacteria)?]l Rhodobacter
$p.2 H4]5|9]ch. DGGE Band b2 434218 Bajzge] o
oJgttty &2 A (Finkmann et al., 2000) Luteimonas aquatica
2 A5 9Jth DGGE band b39} b6 sl 718 W gokel
o)l A A8-S slctkar &2 2I(Shi et al., 2009) Porphyrobacter
29| P. donghaensis®?} P. dokdonensis2 Z}Z} A4 =]t} T3
DGGE band bd= $714 759] 9718 k-2 7141 gt
31 &2 Z(Chen e al., 2009) Agrobacterium 2] Sanguineum
2 #4513, DGGE band b5+ /&2 Aol BETHA ¢
Bo2-2-2 Ev)st= EA T (Hesselmann et al., 1999; Crocetti
et al., 2000) Bk EF3l<4=4 (aromatic compounds) 2] E3l5-2
7}2] 31 9o (Philipp and Schink, 2000), 3}4=4] 2] 74 o] &

i
.- I [ |
T S : g
= 04 g
2] b - =%
= + L 100 &
L\I ~
-
) iy
5 =
03 80 =
5 g
B =
b S
[ad 60 =
a 02 )

10
0.1
20

6 7 8
Time (Day)

Fig. 5. Dry cell weight & chlorophyll-a according to the operating time
of the mini raceway open pond using municipal wastewater. Close circle,
DCW by mini raceway open pond using municipal wastewater; open
circle, influent DCW; close squire, chlorophyll-a by mini raceway open
pond using municipal wastewater; open squire, influent chlorophyll-a.



A3} 7A o) Fojsl= Rhodocyclales order®l| 43t Thauera
aromatica® B4 ¥ th(Juretschko et al., 2002).

18S rRNA geneo]| t)gt 971 9] bands& EA3H A3}, 2714
49 Z2 79 A9 AHF L2 £ =t} DGGE band el,
ed, €5, €6, d8+= Chlorella vulgaris2 %=1, DGGE bands
€2, €3, e9= Scenedesmus obliquusZ2 EX=|Qict. 181
DGGE band €72 Spizellomycetales sp.2] fungiZ EX =]t}
C. vulgaris= 552724 %= o|Aksietiof tigt U4
< 7ML glom HgHo] Hojdt AR BUErK(Yun e
al., 1996). E3t {71/ 4t Hl4= W9 5= NH;-Nof| gk W
Alo] ©4=3l1 H4= U] 2] NH-N, NOs-N, P2 A|A &80] =2
Ao 2 B E|thGonzélez et al., 1997; Yun et al., 1997). 1
23 o Chiorelladl] B3t ARE=7}F w2 o] Abdigha
A7t 58 o] ot B EQith(Jeong et al., 2003). S. obliquus
GA| #7174 H4H 2 NHs-N, NOs-N, P& A A=t w2 &

A (B)

b1

b2

b3

b4
bS

b6

b7

Fig. 6. DGGE profiles based on 16S rRNA gene (A), 18S rRNA
gene (B) generated from mini raceway open pond. DGGE
condition: 10% polyacrylamide (37.5:1=acrylamide:bisacrylamide),
urea, formamide 40%—-70%, 60°C, 115V, 19 h running

AR S AT 2URY 197

L& Yehditty 48R 90w (Gonzalez et al., 1997; Martinez
et al., 2000), AHIslSRe] F 4L AT ol 88 % UL,
=2 AT 23sto] vlo] ot AJAF Aqte] o] §E 3L )
TH(Cain et al., 1980; Mandal and Mallick, 2009).

A vz R2EE vlo| et AE Pibste 7o) HAl A
T2 zFky 9tk (Minowa et al., 1995). BN ZFE o] &35t
Hto] @ o) AJitoll= A AT Pido] 2 v A2FE A
gi5l= Zo] Fasith B35 B sA C. vuigaris®] ¢ A
ZZ3F tH] oF 40% 2] XA, S. obliquus®| 739 °F 43%
9] A4S eI tHE 23171 18 H, Botryococcus braunii
L o} 86% 9] X AFFS LFERAchT SthMandal and Mallick,
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Mallick, 2009).
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7 gae sk, SATHe nHzFE0 SdHsksol
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