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ABSTRACT Table 1. Comparison of FAME extraction methods for biodiesel production from

In this study, 184 strains owned by KOPRI were used to find a candidate used as a <hlamydomonas sp. KNM00Z29C.
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Collection for Polar Microorganisms (KCCPM);, KOPRI Arctic (North pole)
Freshwater strain : KNF, KOPRI Arctic (North pole) seawater (Marine) strain : KNM,
KOPRI Antarctic (South pole) Freshwater strain: KSF, KOPRI Antarctic (South pole)
seawater (Marine) strain : KSM.
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Fig. 1. Differential interference Incubation time (h)
contrast of vegetative cells of the Fig. 3. Effects of different hydrolysis methods on bioethanol yield in polar microalgal

Arctic microalga Chlamydomonas biomass. Sonication, acid and a-amylase were used for pretreatment, and pretreated
sp. KNMO0029C. (A) A vegetative biomass was fermented by Saccharomyces cerevisiae to produce ethanol. Data shown are
cell featuring 2 flagella, a the average ethanol content £ standard deviation (SD) from triplicates.

chloroplast and pyrenoid in optical
section. (B) Surface sight of a cell

presenting, a colored eyespot and i s | B -
starch. Cp, chloroplast; ES, eyespot; F, flagellum; Py, pyrenoid; S, starch. Scale bars = 10 um.
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feedstock for biofuels. The strain showing the highest lipid content was KNM0029C Method Pretreatment  Lipid extraction o0 0°  Solvent (;Zzeg(if\'f,) Reference
which was i1dentified as genus Chlamydomonas. KNM0029C showed the highest cell n - Hexane .

] 5 ] ) ] ] ] _ Freeze-drying biomass Methanol HCI; 90°C, Hlorof Lewis et al.,
concentration at 4 °C under 80 umol photon m2s? of light intensity in TAP medium.  Lewis (100 mg) Chloroform (10:1)  2hrs © oy 5% 2000
In order to efficiently produce biodiesel from biomass of KNMO0029C, the production - — | .

] o ] o _ Freeze-drying biomass Methanol HCI; 90°C, Bligh and
yield of FAME was compared between existing extraction methods and modified Bligh & Dyer (100 mg) /Chloroform (2:1)  2hrs  Coroform 1985 pyer 1959
extraction methods. The modified A method yielded 0.16 g of FAME per g of

' i 0 i T i Freeze-drying biomass Methanol /Hexane HCI: 80°C Hexane
biomass, which was 5.4 % lower than the conventional Lewis’s method, but it Sasser oo methyltert-butyl 20 € fmethyltert 1435 Sasser 1990
reduced the process of removing moisture. After the biodiesel process, bioethanol was ) ether (2:1:1) buty! ether (1:1)
produced using the remaining residues. Bioethanol production using yeast Modified Using wet biomass ethanol ol 90°C
fermentation was compared through a combination of physical, chemical, and F/:'V“i_ . (100 Tg a: DfW)’t /Chloroform (2:1) \he  Chioroform 156.5  This study
biochemical (enzymatic) pretreatment methods. The highest yield of bioethanol Was — —pogified . Using wet biomass o ——
obtained by pretreatment with enzymatic treatment after ultrasonication and showed FAME (100 mg as DCW), /Chlol\r/loit::lr:o(llo:l) HC'l’ f]? ' IChloroform 140 This study
0.22 g of bioethanol production per g of residual biomass. It was 38 % higher than the extraction 8 sonication treatment (L:1)
bioethanol production, which showed the highest yield In previous reports, using
residual microalgae after de-oiled process. 00
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MATERIALS & METHODS § 5 !
Polar microalgae were collected from areas near Dasan Station (78°55°N, 11°56°E) In E YPD (control)
the Arctic and King Sejong Station (62°13°S, 58°47°W) in the Antarctic. The isolated ;3" 0.4 - —@—Soni.+Enzy.
microalgae strains were cultured in corresponding growth media of freshwater or :E:H T T Sonl+Acic
- - . . - L . .

seawater, depending on the sampling location. Each polar microalgal strain was "g 8 03 - L T Soni.+Enzy.+Acic
classified following the systems of Korea Polar Research Institute (KOPRI) Culture = C L . =nzy +Acid
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58/- Pleodorina japonica NIES-577 63.2 mg
69/- Tetrabaena socialis SAG 12-3
69/0.98 Volvox globator SAG 199.80
-10.57 Pandorina morum KMMCC 1712
Chloromonas oogama SAG 9.79
-/0.611% Eydorina unicocca KMMCC 1253
l Chlamydomonas reinhardtii CCAP 11/32¢
Chlamvydomonas cribrum UTEX1341

ARCTIC
MICROALGA

Carbohydrate KNM0029C

505 mg

Clade

-/0.59 - :
({_I'i;:'mu_*l}fumaun.s m'l;g'{r:rfjn'ﬁﬁ SAG 11-19
< lamvydomonas sp. I < ,
57/1.00 Gonium pectorale CCAP 32/29 57/0.85
* Gonium quadratum SAG 32-6
94/1.00 Chlamvdomonas debarvana CCAP 11/56A
Gonium multicoccum NIES-1708 « 54/0.84
67/0.94 *w Tetracystis sarcinalis SAG 19.94 N
' Vitreochlamys nekrassovii SAG 11-10
98/1.00 97/1.00 Paulschulzia pseudovolvox T56011

Fasciculochloris boldii SAG 27.95 ’ S
84/1.00 97/1.00 If; ef;hu!}}}umm‘f granulata TES(}SUIL%JE T Modified
eterochlamydomonas inaequalis UTEX 1705 .
. 100/1.00 Hafniomonas reticulata NIES-1718 FAME extraction A
68/0.83 Hafniomonas laevis NIES-257
-/0.8 Chloromonas nivalis UTEX SNOG6

0% V022 Chloromonas brevispina UTEX SNO96

712/0.99 = Chloromonas reticulata SAG 12.96
Chloromonas chenangoensis UTEX SNO150

92/0.74 Carteria radiosa NIES 432

) ) Carteria obtusa SAG 39.84 Biodiesel
Carteria lunzensis SAG 8-3
C arteria incisa CCAP 8/4

65/1.00

o 20 KNM0029C
97/1.00 = Chlamydomonas coccoides NIES-1021
o s 94/1.00 _ Chlamydomonas parkeae NIES-1022
53/0.97] ' Chlorococcum dorsiventrale MBIC 10044
100/1.00 Spongiococcum refraﬂmrmn SAG 29.95

KNMO0029C
biomass 1000mg

Remhardtin’ -

-

Pretreatment
with sonication
& enzyme

Bioethanol

Fermentation

_ - adiosphaera negevensis SAG 87.80
88/1.00 .00 I— Tetracystis aerfa UTEX 1453
Qophila amblystomatis T1008953

Borodinellopsis texensis SAG 17.95

57/0.95 90/1.00p= Tetracvstis vinatzeri SAG 22.95
§3/0.92 (?';n'nmi'dﬂmﬂmgjsp. Téfté%{; . 156.5 mg Carbohydrate 144.6 mg
hloromonas subdivisa SAG 67.72 5 ;
A 100/1.00 E}F:;m;.{'ng’omonn.s ﬁ'un'fjdne NIE%-;MS (1 96.9 mgfg DCW} 337.5 mg (503 /{]] (21 2.9 mgfg residual
100/1.00 hnlamydomonas sp. Antarctic 2 I
. sY09u= Phacotus sphaericus SAG 17,99 biomass)
' Phacotus lenticularis Kr 91/1

o e Dysmorphococcus sp. UTEX 1765 - - - - - -
I Pascherina fefras SAG 159-1 ~ """ Fig. 4 Conversion of biomass of Arctic Chlamydomonas sp. KNMO0029C into biofuels.
2/0.98¢ Balticola capensis UTEX 1023
Haematococcus zimbabwiensis SAG 26.96
991 L= Stephanosphaera sp. UTEX 2409
an?}m!n nietschlii SAG 9.93

=== Balricola droebakensis UTEX 55
Hamakko caudarus KzCl-4-1
Chloromonas sp. KOPRI AnM0048 ( : N ( : L U S I O N
Chlorococcum vacuolatum SAG 213-8
Chlorococcum isabeliense SAG 65.80
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m1oo“‘-ﬁf?i?f‘i’:?g’é’éiﬂﬂi”ﬁﬁi?i%féﬁﬁ?ﬁﬁ%@%ﬁig@?ﬁ“ The FAME content of KNM0029C was 15.7 %, which was low for biodiesel
e i~ Tpmpfbi"ﬁ:‘fj;ﬁmm production. However, carbohydrate content was 50.5%, which would be suitable for
1. o5 '__(_” Sf’""3"?ff:'}é‘iﬁifﬂ%‘:%%?5:;%;&%303?mx 779 use as a strain for ethanol fermentation. In this study, various methods of FAME
99/1.00 Chlorosarcinopsis variabilis UTE. 0 . . - R -
08 || -oss (;ggg:;:;;;g;fgg;;;;';;:t;;;;%}iggggkfgiﬂ extraction were compared to produce biodiesel and modified methods extracting
70/0,89 o] - Haematocaccus capensis KMMCC 1353 FAME from wet biomass have been proposed to reduce cost and procedure. These
- Rusalka fusiformis NIES-123 s . - -
i | o 22 achiomonas submarina var pulsifera UTEX 403 results showed that using wet biomass reduced the process of freeze-drying. From
[T Dintalcla teriolecia 13047~ + *++73083 microalgae, lipid is extracted to make biodiesel fuel, and then residual biomass is
Smaliess pfg;}grgofir}gfjus gracilis T3156 g ! p - - ’
tooiool o PULIOE Teraauns evcenicq $AG 920 generated as a byproduct. The biomass Is fermented by yeast to produce ethanol. The
V1 0k Gungmir kasakii NIES-1359 -y - .
%@E‘E%;};iﬂi:‘f:i;:;:'s:':‘:;ﬁ;i:%ﬁ?;;;‘i“éc-.w“ 106 psychrophilic Chlamydomonas sp. KNMO0029C was used as a feedstock for biofuels,
Lo Sl RAE o0 and 156.5 mg of biodiesel and 144.6 mg of bioethanol were produced from 1000 mg
830071 Lovockaraciam cotoradoense Kgrens. of biomass. These results can be utilized in the process of efficiently producing
R etviuom oblongiim SVCK 255 biodiesel and bioethanol from polar microalgae.
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