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S ZA9] ok 0 24 FRHd & 53l th7] T olitelAE Fstal Hlo] @ AR R o875 A FE FA 5k nAR R
ZEg R QIek T3 u|A| 270 Hio] uj Ao A E 1 E7E A *}%(’945\—, O, o)At -5)-2 A A 0 & thofolA &&
2 9lo] Th Q50| BoHA ol Rl Ik 2 AT $BE oA AR £Reld B oERE Frfotd o
EAAESHA 0 2 FA5T0] Nautococcus 4.0 2 EF7IUT} Nautococcus sp. KNUA2125 BG-11 A HiZ] oA 1~3%2] CO, &
- AI5k0] U HHOIRE AT HOF 1,34 g L) AZFHE 7| vlo] 90l AR 423t = QIgirh SAER o] orh A9
Aoleta EAE 27 21 26.77% 9] @A SHEE 7H 2 0 & UEi T :L/\}-#H = EEH 89.35%2] =2 I EdFE S
AT 4= AU o= 1,24t HIo] @ A= Rl A= HAA A S == R 2 2 0 & UElth T3 YAt 23 22.0
MJ kg 9] &2 FFgho] 2410 oA Hio]Q W I} AT} IR|= %%%}:EE]' =AY AT E3] Nautococcus sp.
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Abstract

Increased carbon dioxide in atmosphere by increased use of fossil fuel leads to the climate change, unstable price of fuels
and the decline of biodiversity. The microalgae can eliminate the carbon dioxide through photosynthesis and accumulate
the lipid that can be used for biofuels as the alternative to these problems. In addition, the highly valued products
(pigments, polysaccharides and amino acids etc.) are available for diverse industrial use and for those reasons, many related
studies have performed actively. Our team collected sample from Ulleungdo fresh water to perform morphologic and
molecular biological species identification and classified the microalgae as Nautococcus sp. KNUA212. As a result of
cultivating Nautococcus sp. KNUA212 in BG-11 liquid medium for 8 days while maintaining 1~3% CO, supply, we could
harvest the biomass on the 8th day of which a dry weight was 1.34 g L™". Biochemical analysis of the freeze-dried biomass
showed that Nautococcus sp. KNUA212 had a high protein content of 26.77%. Approximate analysis of the biomass
showed that the high volatile matter of 89.35%, which was much higher than the value measured in crops and wood, first
and second-generation biofuels. Additionally, elemental analysis of the biomass showed that the high calorific value of 22.0
MJ kg, which was higher or similar to that of previous bio and fossil fuel. Especially, the calorific value of Nautococcus sp.
KNUA212 was much higher than the values measured in crops and wood, first and second-generation biofuels and we
could identify that Nautococcus sp. KNUA212 also can be utilized as the bio energy source such as biofuel.

Key Words: bio energy source, biofuel, biomass, highly valued products, lipid, microalgae
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T2 o] @ Ag ' SE 4 QL oH TRt 7P FA] AMEE (M 4, TR, oM At 5)-2 RPAISHA|, Ao A, M4,
oS £33} 2|7HAE 50 2 EHelA| -3-8-0] 755 th(Barkia et al. 2019; Ummalyma et al. 2023).
o] 213 nA|2F7= FAZHA AAIA 2F 170,000 0fF0] EA5h= A 02 W& H om oF 3uto] Fo] A H A2 AHA
9IeHGomez etal. 2023). o] % § 213 TH/PHA] B4 SR 1] Hho] 97 B So] 7R3
O] = AA| 9] of5= P of| EFfsIE. B Lol w2777 w5 B S AR Hle-2 vl g g oy vt A
=02 9 v E o] AE A0 e of wet MSkE 4= QlTtH(Mehariya et al. 2021). o1 AJ4<5=0] Bl 5to] FF Al
A8 S77h il 2B 20 WS etol A2 o Bo] 23k 4 900, £ 9 pH 53 22 e 4 eIA )]
ot 285 0|85t T - v dE BAHY = AArh(Lin etal. 2023). webA] o] 23t n]A 27 Tt EASS AN =
-837] YA F B4 B 7| 2AT7 Dol

AR 355 S5Belsie B4 5%

2. T2 W
21 DMER 25 24822

2= e8] g AES A7 5t0] BG-11 100 mL ¥i#]of] 5 mL71eF AZ519ch. vieklo] ©7] ZakA TS 160 rpm
© 2 A= Orbital shaker (Vision Scientific, Korea)o]] 2 0] 25°C, 146 umole m > sec ' 2] 4=, 16:8h HUF7| 2404 8L
ZHef Gt nlA| 7o) Aggo] Bl gl M o] Hat-5 o2 aoko 2 WHEH 1.7 mL FEO] BN 1.5 mLE ¥l 15& &<t
3000xg s YAIEE](1730R, LRBOGENE, Korea) S AA| 5} T}, ARS8 A A 5111 -2 m] A 25 cell pelletS Imipenem %
A7) 100 L L '7HSOJZFBG-1 TA] ¥ A]o] 94wt 5 ke 1A wjlE b QEe Ad) 2 Z20IA axenic
cultureS A& W7}A] At vjF-S AA|SFATH

HO T

2.2 YEHS™ 3 EXPYESY 5

Fesha] RS 93f 25°C, 146 pmole m > sec 'L, 16:8 h 7], 160 rpm O 2 A7 % Orbital shakerof| 4] WY 0] A
ZH-E Zeiss axiolab 5 (Carl Zeiss, Germany)E ©]-85}0o] 325t} 333t n]7of Zeiss Axiocam 208 colorE F-21s}al
1000} &5 U] £ 5E BF5H v R) S4B,

BEAAYEH4] & 542 919l 22 Internal transcribed spacer (ITS), 18s rRNA, rufA -F- A4+ A Qo gt 523 XYt
PCR Premix (Bioneer, Korea)E ©|-&3] total volume 20 pL. 22 Takara thermocycler (Takara, Japan)©]| 4] template DNAE &
Z AT} 1TSS HL-ITS1 (5°- TCC GTA GGT GAA CCT GCG G - 3), ITS4 (5°- TCC TCC GCT TAT TGA TAT GC - 3°)
primerZ PCR-E ZI3Y AT}, Pre denaturation 94°COJ|A] 38, denaturation 92°COJ|A] 30, annealing= 50°COf| 4] 30%,
elongation< 72°COJ| 4] 14 52t A3t} & 30 cycle 59F PCRE At ubR|9} cycleo] Byt & 72°Co|A] 105 52t

extensiond}H k.
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18s rDNAS] 42~ NS1 (5°-GTA GTC ATA TGC TTG TCT C-3’), NS8 (5’-TCC GCA GGT TCA CCT ACG GA-3’) primer
2 PCRZ AI8Y 3t} Pre denaturation 94°COf| A 23, denaturation 94°COf| A 302, annealing-2 45°COJ| A 45%, elongation
2 72°Co| A 90z Bt AB . 30 cycles U PCRS XP T vEX[9t cycleo] B 72°Cof| A 5 -5t extensiondF AT

tufA 2] 739 tufA-F (5°-GGN GCN GCN CAA ATG GAY GG - 3°), tufA-R (5’- CCT TCN CGA ATM GCR AAW CGC -
3”) primer (Vieira et al. 2016; White et al. 1990)% PCRS ZI 3 3]t}. Pre denaturation-2- 94°COf| 4] 45 denaturation-2- 94°CO|
A 18, annealing-2 45°COJ| 4] 302, elongation< 72°COJ| A 1. 52t A YT} PCRE 3 38 cycleS AP ALt ulR|2} cycle
o] T 72°Co||A] 72 =9t extensiond} S T}

pGEM easy vector system (Promega, USA)C 2 1A]7F 52t AR-2-0]| A ligation A|FH 2. 71 & E. coli DH5a competent cell
50 pLof heat shock © & transformation= 4! A|5}1L Dokdo plasmid mini-prep kit (Elpis-Biotech, Korea)Z E. coli W PCR
product”} insertion vectorE 25133 t}F. MacrogenAto]| & 714 E8-4-& 2] 2|5} © ™ National Center for Biotechnology
Information (NCBI)®]| Blast A¥}of| A 0|4 2572 185 rRNA, ITS, rufAl| Tt F7| A Dk -FAHA7 77K $9] A7 2
£ 995199 th. MEGA version 112] Clustal WOl A &7]4 B-& %) E 3l Kimura 2-parameter +Gamma distributed (K2+G)< ©]
&3t Maximum likelihood A& F+E2H 22 AT 25t

oA R FE Wjoksl7] 9Jete] 1 L E2kAT 0 BG-11 500 mLS Z:H]5}10] seed culture S 10% FE8F 3 0.2 vwm (1~3%) 2.
2 olAlStetAE ot 8Y Bttt M7 |7E Bt 2=(25°C), (146 pmole m * sec ), FF71(16:8 h)E 74
3F.0H, 120 rpm2] 34 &= 2 A& o3l

i F7171 &<t i optical density (OD), cell number, pHE 57g3H%{th. OD= £33 F=A|(UV-1900i, Shimadzu, Japan)
0]-&5}0] 680 nm2] Tl A 243513 1, cell counting-S Neubauer improved C-chip (DHC-NO1, NanoEntek, Korea)& ©]
o A4 T} pH= pH meter”](SevenDirect SD20, Mettler Toledo, Korea)E ©|-8-5f| £ 513 0.1 Z+2}+0] A4S 0|
of 7717 B9t BiskE A0 ' TRk

AZSTFS American Public Health Association (APHA)O| A%l 2540D protocolol] whet ATt viF 7Lx}9]
Nautococcus sp. KNUA212 HJQFH 5 m-& Z1-Zoj 72k (Merck Millipore, XX 15147002 o]8-5}o] GF/C filter (47 mm,
Whatman, Germany)©f| 6 ZHA|ZIt}. 71 & filterS 105°C QE(WOF-W155, WiseVen, Germany)ol| 4] 24417} 59t A %A 7]
1 A5 AzE T filtere] o3} A, & 28k ZA5)0] Hlo] QujA L] AZeRS L5}t

23285424

=

Z 7I=E|0|E S £

HjjoF 7YX} vl FH 2 mL-ES H-& & 1A Z5 cell pellet2 2F7H2- Methanol (Merck, USA) 1 mLof| @EHiT) o] &
(Model 550, Fisher Scientific, USA)E ©]-&3f] 40 HzOl| 4] 302 52t cell-S T}H4fjo}3] 0 o] =8 Lol 4] 24 A|7F-5<F 4°CO]
SHSHEITE 24171 7 S 5O 4000<g2 YAIR A0 A5 2] ODS E BIEAS 551 212473 nm, 653 nm, 666
o] POl 2515k, ek TR GE 4 g, ho} & 7he ] o] =of Tjgh kS B41517] 919 Wellbume] 1S AF83
TH Wellburn 1994).
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Chl ¢=15.65 - A666_7~34 . A(,53
Chl 5=27.05 - A(,53_1 1.21 - A666
Total carotenoid=(1000 - A47;—2.86 - Chl a—129.2 - Chl 5)/221

2.4 X ME XA A

- 20
A2 OE pHEF FE 5% oo A n]A| 277 A Y= AAEASS metolal 24 A 24-S dotR 7| flsto] thefst =
W2 2] & Zu]5}0] n| A RF] LS =A519ch ZHH| RS2 pH3, 5, 7,9, 112} 5, 25, 50, 100, 200 mM NaCl2] }_7@
2 AZE o T2 A of| A 8AZT ¥kl ODL} pHE St oW A4S IR

2.5 HIO|QUIA L] M5I5Hx £

Q7 et oA 25 Mool 3 B2k 4000<gT P4 H2(5810R, Eppendort, Germany) S}l 745 A|2jslo] 4:2}
3190t} S5t vlo] QAL S AAZ 7] (PVTFD20R, lishin, Korea)S 0]-:510] A A% A]7]11 o] Q) A9] F5}5H4
£439 golrt ABSo] o} 33Hrt

H}o| @ uf A O] BF=5}E- SHEEE- Debois method & 2-8-3t phenol-sulfuric acid H] A -2 0]-8-5f] =7 FtH(Nielsen 2010). Hf
o] QHjA 50 mg= glass vialofl 'Hal 2 N H,S0, 2.5 mLE 371 5] 3A17F-5F 100°Cof| 4] FQ1 & A-20| 4] A F et A&

CaCO;E #7}olo] F3FAZ1 & 2 um PVDF syringe filter (PV1322, Chromdisc, Korea)& o] 1}5}3 ). ZF AlZ0] 80% (w/v)
phenol (Sigma, USA) 50 pL& @ 17 sulfuric acid (Sigma, USA) 5 mLE 22 & 305 59t A-20f| A WS A|F O B33 A
2 018510} 490 nm o4 ODE 29545} 2L glucose standardo] o Yahe] £4514ch

H}o] @ mj A 9] 20 mgof| RIPA lysis buffer (GenDEPOT, USA) 1 mL-& € 11 sonicatoro]| 4] 30 52t cell-S T4 Jict. 14y
St AHE-8 304 52 100°Cof| A 221 3 4°C, 11000xg= 155 52t U422 510] A5 800 uLE &S5t A7 TCA
= A1 0] 4] )2 7o} -20°Co] S| RES AIZITE 1213 46, 15000x % 153 B9 PR}l AE S Wzl w
AL pelleto]] A7 acetone 1mLS €11 4°C, 18400xgZ 38 59 YAIEE 5T of 2] H MAIHES AR F 4°C,
18400xg = 35 =0} tw—b;a]s} H AFS RS A A ST G2 pelleto]] Tris HC1 60 mmol Lo} Urea 8 mol L™'0] S0]71-8-H
2 mL& Yo] E3itt &3t Hlo] Q uf A O] Tl AIE.2 BCA protein assay kit (ThermoFisher Scientific, USA)S ©]-8-515.2
™ 562 nmO]| 4] ODE =73t 3 Bovine Serum Albumin (BSA) standard (ThermoFisher Scientific, USA)2} H] 1 5f] AlAFsT3A Tt

H}o] @ f A 9] | A SFF-S- Sulfo-Phospho-Vanillin (SPV)H-& 0]-&3] S T} 0.6% (w/v) vanillin (Sigma, USA) 100 mLoj|
phosphoric acid (Duksan, Korea) 400 mLE- %] 7}5}0] &3 500 mL 2] Phosphor-vanillin (PV) solutionS 4|3t} 10 mg mL™
9] u| A Z5F A1Z0]| 98% sulfuric acid (Sigma, USA) 2 mLE Z 17 105 52 100°Cof| A B2l & 55 52 P-30of o] A FH Tt

i

[¢]

il

=
=

Sk
=20

Z+ JZ0|| PV solution 5 mLE @17 37°C incubatorof| A 200 rppm 0. & 158 59 HRSA|Z T 530 nmof| A ABEE 2 =4
51992 canola oil standard®} B| 3| A&} T
2.6 ZAKSLA 91 QAL

0N 2575 Hlo] QU A 5 mg-& platinum pan©f] B17 30 mg2] a-alumina (a-ALO;) & ARTI= 2 0] 8513t HEL 5
A 7)(DTG-60A, Shimadzu)o]| 4] Thermogravimetric analysis (TGA)Z 2435}t AAZIAS B 25 mL FY51H 2
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10°CH] 452417 50-900°CAolS] 2743 F190H ol o) Sales, S Ae, S1H0] 4 BASIST £
2Fo] vto| Q ulj Aof| A QU AEA 7] (Flash 2000, Thermo Fisher Scientific, Italy)S S0l Bt4y, o4, A4, A4, 3 JES B4

Shoich. AAbEl U259 22 o]83ke] Given et al.o] AJo] Thelsto] Qezhe T55ArkGiven et al. 1986).

calorific value=0.3278C+1.419H+0.092575-0.13790+0.637 (MJ - kg )

3t Tt Al Z= 273 0] oF 5 umo) /o] g FEjolal HE = T E]
R SYANRE] AR A| 27} o] X2hs o] W E oL tiFEo] T Al E e = oA AAtHFig. 1a).

ITS Q] 79 Chlorominima collina (MW553075), tufA2] 7%~ Chlorococcum sp. KSF0227 (OP448669)2} 714 LA TA| o] QL
= A 2% YEPITHTable 1). 7L Ffl 4] 18s rRNAO]| ti3t A5 v 0 2 T AFSIKNUA2129| A5 =5 T H S
KNUAZ212= Nautococcus solutus w551} Al'55H] 0 2 uf - 714A] YERGTH(Fig. 1b). WahA KNUA212+= Naucoccus©]|
S3L Bo2 24T 5 Uk

KNUA2129} 7} 7P A Ykt Nautococcus 452 EF @ ol H 92 UHEF = QA o] 2557t vl 32 o 2173

A<l =
Apof it |2 FefolH Fg AL Bl F2Ato] oJ3f) HA]okal b o] 9l om /g A4l 2 W] o= A2 A A

thArchibald 1972).

gg|Tetracystis tetraspora (KM020024)
(a) (b) og Tetracystis tetraspora (JN968582)
5 Deasonia multinucleata (KM020098)
28 "Deasonia prolifera (AB936280)

-

> Chlorococcalessp. 114 (FJ946902,
F e ta 0
;," A § 24/ Chlorococcumsp. SAG 2467 (KM020023)

Jé';' 4 ofChlorococcumsp. RK261 (AB490286)
Chlamydomonas debaryana (FR865523)
9
5 ° Chlamydomonadsp. Pic 9/21 P-2w (AY220092)
m
% 90 Chlamydomonad sp. WTwin 8/18 P-1 (AY220094)

Chlorococcumsp. YF282 (AB490287)
" Chloromonas sp. KNF0032 (KU886306)
KNUA212
100Nautococcus solutus (AB360749)

98Nautococcus solutus (KM020166)
Nautococcus solutus (OR209270)

100| Chlorella sorokiniana (X62441)
Chlorella vulgaris (X13688)

Coelastrella saipanensis (HG328355)
Coelastrella ellipsoidea (KC861672)

0.050

Fig. 1. (a) The light microscope image of Nautococcus sp. KNUA212 at x1,000 magnification. (b) The phylogenetic relationship of
Nautococcus sp. KNUA212 and its closely related species inferred from 18S rRNA sequence data. The number at nodes indicates the
percentage values given by 500 bootstrap analysis samples. The scale bar represents difference in nucleotide sequences.
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Table 1. Results from BLAST searches using the ITS, 18S rRNA, and tufA sequences of Nautococcus sp. KNUA212.

Marker gene L?Ef)th (Zl(;iz:;?la;il) Query cover Identification
ITS 696 Chlorominima collina (MW553075) 82% 81.88%
18S rRNA 1767 Nautococcus solutus (AB360749) 98% 99.37%
tufA 929 Chlorococcum sp. KSF0227 (OP448669) 100% 91.50%

3.2 ¥4¥Ed

Nautococcus sp. KNUA212 5= ODRFA| 2 23S H QS wf v F SYX7HA] Wl w A JAJ9t S5 = st ajer
SYAEY A =7 FAH 7ok tl71E AR L MG 6 YA = ST S0l AV E A= AR
e TH(Fig. 2(), (¢)). Bl 0~3LA7HA] 0.2 vwm] (1~2%)0lAtet et A5 353t A3t pH H2F 8 e YFSHA /A
T Q1T v 4 LAY 3% ol4tstetAE 55t A pH= 7.80 0. 2 AAFTH I TUAMA] BhA| 718l Al 84S
= pefeh 5= AATH(Fig. 2(b)).

v &F 74t A 719 XUzt Hi S A= TSI vl 8 YA 547 OD= 348311 cell 2 5-B| ¥ Hlo] @uj A0
ZETO 134 g L' 072 2HEQIc) Hlo| Quj Ao A &3 F2A 0=22.22 ugmL !, FE A b= 12.23 pg mL 7, total
carotenoid=4.43 pg mL ' 2.2 =3 ]I c}(Fig. 2(d)).

(®)

_
o
—

B
o

w
o

Y
o

Optical density (680 nm)
N
o
pH
o

o
o
)

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Days Da
ys
(© (d)
T3 30
—
F 25
82 2 20
9 (o))
» 215
v o
w
® £
g 1 s 10
E 8 5
= c £
= (o]
30 °0
0 1 2 3 4 5 6 7 Chla Chlb  Total Car.

Days

Fig. 2. Growth characteristic of Nautococcus sp. KNUA212. (a) The optical density, (b) pH, (c) Cell numbers, and (d) the Chlorophyll g,
b and total carotenoid contents.
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=
A Z255=pH, Yo 42 AEF A S of w2t thE A2 UERE 4= 1 O 2 2 Nautococcus sp. KNUA212 o7} H]

Al A2 B SlollA] oA BHSHEA 2SS Tietst HAlo] 4 2218 oh] Sls) 242 Az of
£ pHo} FIEE 711 BG-11014] 8202 vlerst ek, phol whe 4748 stefelz] 918 212t ph, 5, 7,9, 119 BG-119]4

87 HlFstR o 8A7H A 73 ODgso 2 A3 A1 Eﬂ *EV*E*E}— uhot et pH3oA 5L O]—ﬁri-‘:%‘ﬂ Al =
APESI O LH ] pH5~110]|A] 0| 2= A 2 o2 A% Olo| = BL5HT QA AR 2A1E HYct 27y o g
%7] pH5H¥ pHI110]2h= A3 5] 2 pH 3004 = 3 —Era 4 5o AR 4= = A2 YERTHFig. 3(a), (b)).

NaCl 5%0f W2 Nautococcus sp. KNUA212 T#39] -2 1ols}r] 98 ZH2 NaClL: 5, 25, 50, 100, 200 mME 2] 2]t
BG-11014] 87 Mllsic}. 8212 W 273 ODeso 2 A B4 18] 424 THOFSHT}. NaChE 200 mM A2 o)

oA HSLFH Eﬂ o]} /d7dsHA] QUL NaClZ 5,25,50,100 mM A 2JRH B X of| A 5= A = thE 5ol &= &5t &
A A7 Z=A|E Hth NaClE 5,25 mM 2] 2] 3HHj 2| of| A} NaCl& 100, 200 mM A 2|5t e A Ho} AZEo] o =2 Ao &
UERETH(Fig. 3(c), (d)). 27H2] 2 & NaCl 200 mME Th -2 NaCl 5 oA & n| | 2F7} 2 2ol S Hol x| ¢k & A=
A0 7 Rt} Scenedesmus obliquus XJ0022] FE AEH A9 F7FS A Y8l 24210, 10, 100, 150, 200 mM 2] NaCl
£ 2|3t o] A AL Aol A Scenedesmus obliquus XJ002+= NaCl 5 =7} 5715Hof w2} vio| Quj A} FE 4 a, b W 7}
E]1-0] = 3ol JAshe A3 Mgt o] it 97 AT NaCl A A7 ALk 24 BRSO A 1 1S AlEh S £4)
A|1A 8- AE] O] F-0 4] B/ -84 SollA A A2 AIsto] B oA 9] &<, g & A g-ofl JF= mIF7] whzol=t
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Fig. 3. Growth curves for Nautococcus sp. KNUA212 strains under various initial (a) pH, and (c) NaCl concentrations. A change of pH
during cultivation of Nautococcus sp. KNUA212 strains under different initial (b) pH, and (d) NaCl concentrations.
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3.4 HIO|Q DHA AUSIEHS EIA

Az vho] Qu Aof A B3l TFF 24.4140.89%2 2 5| QITh(Table 2). Thif 2 9] k2 26.77+1.29% 2 S =]
o] BRo|u 4 B2 Rt Bl o] S nesh A Tl B0 F 4 % A2 Welt 1%
H Hlo] Quj A 0] A& FHFL 13.57+0.61%2 It | ZFE Az}, A7; AME, thAFAME D o YR Yo & 7]
I} A HIARS $1-9.51 71 QIt}. n] M| R B = Hlo] @ T]A o] U7 2 A 8 rsAo] o £k 7|Z0 7 HE 2-40%9] A
< SHS5H= Ao 2 U4 A 9 th(Demirbas and Fatih Demirbas 2011). 71 oA ZAA|ZQ1 35 Y52 QAE T &
Chlorella pyrenoidosa2] 73-5- 38%, Nannochloropsis sp.2] 73-%-30%2] 7FF2] A &S 7HA]+= A 0.2 AH A UK Goh et al.
2019).

_

lr (D

Table 2. Biochemical composition of microalgal biomass

Component (%owt)

Total carbohydrate 24.41+0.89
Total protein 26.77+1.29
Total lipid 13.57+0.61

3.5 HIO|QOHA ZAHEA & HAFEN

TGAE v} O 2 3 ujo] Q uij A 9] LAREA A ¥} ~E3lEFo] 5.4240.62%, FHA 42 89.35+1.29%, 3]&-9] gk
5.57£1.81%°. 2 S = ITHTable 3). $3F2 BHo] Ul 29] 105°C o] 19 AsF EA4of| o At A2
105°Coll A 900°C AJo]o] S50] SJt Ak &S LEhL o] L 712 o) 7A e 1] ] Qe et
ek S22 Holgls 28 S0 Aotk dutE o2, S EA 0] ol 255 g =22 EE 7L 7 A dH =
W33 7540 7] o] 22 A7} 4= QK Vieira et al. 2020). ]S TR Hlo] Q U= 0} H| W H QFS o mA|2H
of Bjo] QU At QIUEE 0 2 80%2] Y BATL /A ] AHE| AP 63-70%, BAL] AP 72-78%2] GG A= A
O Z A& % th(Battah et al. 2013). Nautococcus sp. KNUA212 -0l A 24 % -,4‘3“‘1 E28HF2-89.35% 2 AEo LT 21

NA S == FET =A Uehd o webA wA| 2R oA Blo] @ flE ] A2 3 HEA E o ¥ e 2 v A
0% 0]gg 4 U AR Az,

YAEAE Gl ARt ubo] QEiAS] AR 22.0 M kg ' O & S E ATK(Table 3). 2 FHE 7= due 2
© Dlo] thE QR o B QL AN DR oA Fgo] Bt 35 - e AN AL lo] @ vhAg] AP 143~
25.4MJkg !, 220 A L 1lo| 9. UHZ_\.E’J 2 13.5~17.6 MJ kg '9] DS 7HA =Y Nautococcus sp. KNUA212 #+59]

2 o]} IS AU w2 RS AU+ A 02 YERGTH Gravalos et al. 2016; Jovér et al. 2018).

T35} Methanol©] 3923 M kg ', peat-J 2 16 MJ kg '] 2= 7HA=1| Nautococcus sp. KNUA212 #39] Dz
o] o]2|3t AmE3} A A X}o| AHA] r=the A& & &= Ut WEHA Nautococcus sp. KNUA212 5= 1,24t 9] Hio] @ <

gt ofy g} G S A mREEolY FoHAIE WEShe oflU A9 diAAl=H B-8E & = 7Fed= Ad 2o s
HoJt(Martinka et al. 2019; Tabakaev et al. 2017).
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Table 3. Proximate and elemental analysis of Nautococcus sp. KNUA212 biomass.

Component (Yowt) Elemental composition Component (%)
Moisture content 5.42+0.62 C 48.18+0.01
Volatile matter 89.35+1.29 H 7.09+0.03
Ash 5.57+1.81 ¢ 33.18+0.32
N 7.40+0.05
S 0.33+0.03
(0% 22.0 MJ kg

# CV, Calorific value
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2 A= 5= U EA A Adstal 25k n]A| 279 Hio] @ o JA| ¥ o = A &8 A S ElstarAt Jict A
52 2GS Aol R MR T AT Yol 23 AP ESHH O & Nautococcus 4501 0= A 0.2 TS
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