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Abstract: The growth effect of Narnnochloropsis oculata (N.
oculata), unicellular microalgae, by alginate was investigated.
Alginate was depolymerized with sulfuric acid (H,SOs) and
heat (121°C), simultaneously. Addition of 0.75% alginate
oligomer depolymerized with 0.2 N H,SO, showed the
maximum yield and the growth rate of N. oculata. Chlorophyll
content and reducing sugar was increased by alginate oligomer
in a dose-dependent manner, Alginate oligomer promoted
the growth of N. oculata, whereas the original alginate
polysaccharides had no significant effect. Laminaria japonica
(L. japonica) extract containing high level of alginate was
also increased growth rate and chlorophyll content. CO, supply
addition to L. japonica extract showed no change the growth
rate, although addition to alginate oligomer showed prominently
increased. N. oculata could use more saccharides in presence
of COz according to reducing sugar determination. From these
results, it is useful to establish optimal condition for high cell
density cultivation of N. oculata.
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27 1ik (alginate)> a-L-glucuronic acid (G)$} B-D-mannuronic
acid (M) 22 TA3=0] Qla A7 AEHE o)F = 7%
3 TRFoltk o] F AJEol 212} homopolymer HEIE A%
# polyglucuronate 5= polymannuronate HE)Z EAI8}A
U}, heteropolymer BHZ EAJ517]% 8tk G+ M 717}
a-1,4 A = p14 Ao 7 o]FofA Sl A i
FEX M/GS HIET M, G AR B3 SRR S50
w2} thEch [1-4). GV 73s A A (gel) & FASEH
=) ol2f3t S0 QIE) AlEoly QokE Foll Bol o]&
s TRt Qg o 3157t 7HX] olge] tfg At
o] ojfoiz| 2 gltk. Bsk A 7Fs e A ofixjd e
2ZA Pio] FHEL Ytk 53] dxlitewRE fdiE &
gl gigh 77 Bo] A=), @A S8l
7} bifidobacteria®] A& FRAZIL (5], A& AlES] A
& EQA71E QAR B B ouk glok [6].

AT doF Y el Hol EXjah, our o

kS AMBIY olAlsleaE sl 'AEIV S-S
731 itk mlAIRRE) F3 TTss AL HA )
& Bl m|HEFE i vjeFste] oliislekh A &
7} e FAlO] ALk vl e AR R E 8BS
Bargto = 7t 7EE FEE 4 A [7,8].

B3] v|AlZEF 5 3R] Nannochloropsis oculata (N.
oculatays GAE HEFE A8 AR o) g5v B
k9] eicosapentaenoic acid (EPA)YE 313l Q1o 7164
A0 79 o] g 7EX7} E1) [9]. H N. oculataZHE
FE3 A Edo] 28 XzA|, IS, sE 98
SO= olgEHT glct. AhtA o= vMERTFE SAAERY
o) whEm DA vidsE o] A RAHA i
AP A9 Q18] AddA 02 Fasgh Sk R Akl
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Azket T 2T = Aok Wb, N oculata S 54
oli YA o &t vk 4= Qi AAT 8 £
gt A7t Aot

whba] e Ao A AEQ} FALSE A AES TR
= HAIER] A d70Ake] Jske Bl st ok
K1 [1018 531 883 N oculata] BAWYF 21S
EdE 471k Hotel whE A% a8 Hott) 1o
T T thAlil FEES o)838l0] o) Tk ghaslo] 9
= YA vl F43kT). &2 alginate oligosaccharide
mixture (AOM)7} N. oculata 2] 7S FX8H = 208 W11
# a7k Sl 11 o] €Ak n|AEERE AR d3at
T3 E A (alginate lyase) S ©]-&310 715E-851i =), 1)
AEolA] Felsh Uk Rellfiats o) BlmA e
ojtt. gHH, AF Ao} 7IRrtdshs W o R A7Ake: A
Akl 7 z7do] ARIESITE [12]. webA, 2 Aol
= Ao] Ast kg 7Rk (3h It 1 (1210)& o%
sto] FalEiaL, o] YRt gelamE 018319 N oculata
o] el X JS AsRgi), wak olslekas 4]
ool Wtk N oculata] Aol E71xto] x| Agke: 8
Qlskaat shict,

2. 4= 9y
2.1 45 R WA

Aol AN F3 w)MES Nannochloropsis oculata
NIES-2145 (Npo-2145)x= U SHEEAT2 (www.nies.
go.jp) Microbial Culture Collection at NIES (NIES)E F-B]
wFtoh AREBISITE. T wljokol]l ARSE WX 2wl
£ ARgsislor [13], 121°C el 15 23F darska, W2 3
AREERILE

2.2. 9% =A

N. oculatai= 2 ¥A] 200 mL, Z7] pH 8.5+0.2, &% 25C,
WHFEE 180 x g, F 3,000 lux®] 27 sl 7] HE%
5045 gL2 weksiint [14]. A% @4e 2xst 2w
A48] 2AEE W] el AAlElon | 35
AR 12A18E (78 1 9h o & wHuksA] @35S o] g5l
ZAFISATE COL 9] &) tig 20 2E 0% 3715
Ealo] ¥Eg7] dlell Eo7k= €O, F5E2 5% AAskn
0.1 vvm (vol/vol - min) 2= HE&-7] Ul S50tk 291
= 714 0.2 pm2) BEIE o], ol5d H v]AER <)
o 2 WAEIES ST [15].

2.3. 474 7HE8)

97 100 mLell 1%2] 241 591 5 3PAY (sulfuric acid)
0.05 NoflA] 0.3 N7H<] 0.05 N 9] 55 fole 21835151
oh Ab A & 28 58S wol7] Hsle] EuE Aeie
2 121°Collx 3023t 7HAsisit. A A2sh wjokele 6 N
NaOHE o] €315 pH 8.5+ 028 ZAslgon, 235 &
Falg SARL 0.2 um FE|R AFslo] HAAES At

sk 75 2u) =] 2 uiR| 100 mLS F7)sle] Ha
vioF 33 200 mLE FA3kr)

Thaut A71ARE: 0] 887] 3l TIPS 431 ball
mill& o]g3te] A% o, Zigi ] WL 47k A
2|9l U HaAE STt

24. gAF £4

A UV/Vis 3 1497] (Optizen 2120UV, Mecacy
Ltd, Korea)Z ©]€310] 680 nmo)A 4% S35 Est
o] Z4sIlt. A AR T ATl E o] 83
105C 127104 3AITE Bt ARAI £ Aojzl 7% FA|
EHE AN S AREsglt

Dry cell weight (DCW, g/L) = 0.2563 x Agg +0.3709

25. 8229 324 EY

N. oculata®] F2%H FZL P, C. Chen?] W [16]12 ¥
oo Ahgalet. 8l 5 AR 1 mLE 13,000 rpmeoilA
257 Y] slod Aol 1Elal 100% methanol 1 mL
S A7katk 60°C oA 30487 581 0C oA 58
7 BZIAZ] TR 650 nm, 665 nmolX] S7sto] Al
=3I

CthI'OphyH (mg/L) =255 x Agsp + 4 % Agss

2.6. 393 &4

A g)e] W 2k WME= dinitrosalicylic acid (DNS)%]
& ol gsitt [17]. A& 1 mL& 12,000 (pm o2 5EZ}
4C oA Qe8] Aol 500 uLoll DNS €9 2 mL&
7t 2 100C oA 1027F 71881 540 nmollM F3EE
2430t B AL maltoseS ojg&-8te] AAE o
e deskste]l 2SSt

.83 9 3
3.1, 31BA} opFso) o% N oculata) A

N. oculata®] 7ol 1A} thdSre] 28t Jgks olr |
A3, e T Gk AR AAAE TAA] R Al
E2 AL Aol 1%9] T Vst 279 71 vioks)
G}, AEZ 9 AZ 7|3 viR|olAi= 7132 wlix]Ql §2 v
R} @383 AL o) gl on d7iak) HiEs ek
HiR| ol A= v]geet AAlES BT 84S 7KE o
7} N. oculata®] 7S SAAF = Z10F Hol o]F 47
Zboll ek -8 STt (Fig. 1).

3.2 G4 7t B3 2 E N oculata®] B3

Fig. 18] A m&2y, v AR E 22 ol A
& of Ax AL gt FEAA Ve A Sttt
b AAdo) et AR Ak 1 ES FAlOl XEst
o 71533l F N oculata®l) H2I31ITk AF X2le HoS0,
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£ 0.05,0.1,0.15,0.2,0.25,03 N 555, 79 A= 121C
oA 307t MBI 7RIS 47ak SE|lumE |
Aol 1%E F7Isle] 27U7E wWiekslel A AAEE S48t
k. 71 A, GTE M7 e wiR]ol i Al A3A)
o] 0.63 g/Lo| 0, 0.2 N H;SO.% 7)rs-alsl azlak
S Aefel viR|elx 9] Ballgo] 1.22 g/LZ oF 1.94)
9] ¥ LS BT} (Fig. 2). 0.2 N H:S0, 9)9] thE
ETOME 1.3~1.8¥) S/ AAEE Bol, A 2R
Rup= 7keRast A 2827 N oculata ] B3
FRof| P& 5= AoF B

121
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Fig. 1. Effect of polysaccharides on the growth of N. oculata.
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Fig. 2. Growth rate of N. oculata by alginate oligomer. Alginate
was hydrolyzed with heat and several H,SO4 concentration.

33. ¢4 Ay o uE 4
N. oculata®] 7373l ksl 55.0) Aiak el mmle) 98k
S AR 98], 0.2 N HoSO0. 3 1192 7l8a)jst o)
Ab & E 0.25,0.5,0.75, 1, 1.25, 1.5%E wiX|e] A7}
shar 279 Bt wEISith YAk S8l E 0.25, 0.5,
0.75% F7IE& A % JEH o7 AE o] 134,
1590, 1.eMl2 E7)81AAINE, 0.75% oA H7E A9 Al
T BT 1LSHIE | o)) AAlRe] SviskA] kS Ek
3131T} (Fig. 3(a)).
L7t B TPE ArlsE 8.1 oF uljokele] Alo) ¢
A U= RS FERIBI T, Frey ks 243 A
U2 e Fxo vl#sted 7T 1.5%9

Pl

f 24

7t g A7E A P e SR gdS Ao
7t 2 E A2slA] g tiTtel vlsl 4u ol
=T (Fig. 3(b)).

A7 47} wiA] o] skl skE gelsly] $1sl DNS
HS o] g3t LzlAke] ZiRalel ol Eallsld $hel
FS AAJSE 2 DNS 23S Fa8 v o EAlske ohd
Fo e W AnE gRlIg = qlrk it wE) St
3ol wke} e o) F7hERE A0 ROl N, oculata
7} @71k ki) Ao A EE SdEE VAR
o|g3lo] AAto] EXEE HEIT) 27U wioF Fofl=
grigo] s, o= wilk 71t 5 N oculata®) 287
o7 go] ARHY] wiEo® BT} (Fig. 3(c)).
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Fig. 3. Effect of alginate oligomer concentration on the growth of
N. oculata. (8) Cell growth, (b) Production of chlorophyll per dry cell
weight (DCW), (c) Change in reducing sugar content.
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3.4. A|u} 228 Ut dE N oculata Y7

A S| el digh A 1 G398 FR1% vy, Uit
Ao 7 dlte] gol HgEth L A A = dxF
% PRI BAL (Laminaria japonica) [18]E o]}
N. oculata BAFE AA R OhAvtE E45lo 1%

o] FEZ H7IE F 02 N H,S0,8} 1 d 2 71-Rast &
279 s}k wislglet. vAlvl s *ﬂoW %Stz
?01

vl cpAlml 28 7] ok 1. 61:’1% T A AE
= ElH (Fig. 4(a)).

2228 PP AL FERS e 9 e
1 25.18 mg/g, ARk —;f—%%—o* F7Kek wrolA] 46.69 mg/g
o= ok 1.8u) Z713IITh (Fig. 4(b)). © /;, l{*& SR
o] A9} vV IR R tiAn) F5-5o] TReE o7IAF AJR

oll 2JeliM N. oculata®] o] ix‘ﬂ Rrs A T ok
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Fig. 4. Cell growth and chlorophyll content of N. oculata treated
with Laminaria japonica extract. L. japonica extract was prepared
with treatment of heat and 0.2 N H,S0y,

3.5. CO,%) 2J3t 9 &

WA T AP EY v 2 We B8 oy

HOZ, COE 7AE A7]5-8 sk 545 7 9

o {718 AL A8 vl 4~203H 7FF Eh Cop

E e vAEHE EH]~,: =2 O wjekshe Ao

TV RITk N aculata-il 7 ﬂ'] Q1 2 wH o} 7AY
70

S mish thAlol FEES 242} 19 W74 00, 9]

ool ME AYAHE Lolwgit,

A Ee]arm ot Al COE Y A4+ 7YsA
g w Ko} oF 154 2 A Wil & %E ok
1.8v F7He S E“XIUP ChAlet 2252] ¢ CO,

FUL ool AZATE oA, SRR gHE
ok 2,79 @Al S8HUT (Fig. S(a)(b)).
A7 COE TR 9ot wljeet BHXH o
1.61 g/Lo|3om, COE 90 oA e] & b 2.43 g/L
2 glge] 1.5v] SISt ThAlet &2 &l N oculata
£ HieRBloE A COE TS 2ots o e o=
2 0.61 g/Lolgl o}, ThAlul 25 COE TS viA]
o] & FRE 0.78 g/LE CO, 10 Qlaf ghddo] 1.24)
7k AE&E BT (Fig. 5(c)).
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Fig. 5. Effect of CO; supply addition to alginate oligomer or L.

Japonica extract on the growth of N. oculata. (2) Cell growth, (b)

Production of chlorophyll per dry cell weight (DCW), (¢) Change
in reducing sugar content.
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B 219 98l eat o] g2, wel, ARl
ThAeke] 739 AF XElef oE Ahgo] gzt S8l
ujgl] w2, o] AL trute] izt 717t 7Rl s
Z1tigk7 ol UE 327] Wi Ao R ALRE) ulebA
A} 25 1)9] &A1 gledel] ulE Aalo)] o3t Zlow
AlESY thaule] dzbE 284 Blashs Zlo] HQ
3tk COE FYUsHAA] vike A, 2704 S2l g}
tAlv} 28 VM) Bg30) SIS o= N. oculata
7} G704 7128 A A EE SRS VAR ARSS
Aol EXHSTES GAlg

A o 7 wAZFE= 4 Lgo] Ay, £ 34
Ak o3l Yol As= | st v ZFY RS
FAN = LS ks o] 2938 Aoy, ¥4zl
s o ek 9le thAlvke 71Eo] A-Esta fA
8 = Qlo} AAA 02 viERe) 1E% wioko] 71ssk

2g} Az,

4. dE

B AFANE= Nannochloropsis oculata (N. oculata)S] 1°5
% oioke st A4 2718 S35 8 A O3S F
SRRl AzIAke] geke- AlHEgit) Arlak 2] Rrp= Sk
7 3o oJ&) Ziralist A7 &I} N, oculata®)
g FR0) FFE FTE 02 N9 S} 188 FAlof
Hasle 7RrRaet 2A00M N oculata®) 270] 718 T
TR, a2y F oiv) FEFEE 0)8319] o) tEk
EO] e G v BA3EIc LA Se]a
o} alut 558 vlwst da, LAt s s o)
$Z W N oculata®) FFgo] o] FR=G 1 S22 =
5 V1RSIt COE qiehaA wiokste w), Uik &

I F7e 23k N oculata®) AR} S22 = g
FO] o] FEHAA 7RI o] AnE EYR ik}
TG ol gst £ kARl e F8) rigEae ¢4
Ab B E A8k COE FYUTo =M FTA vz
5 N oculata®] 5% T wljok] o]g8 4= S Alojtt

References

1. Yoon, M. O,, S. C. Lee, J. W. Rhim, and J. M. Kim (2004)
Comparison of alginic acid yields and viscosity by different
extraction conditions from various seaweeds (Laminaria religiosa,
Hizikia fusiforme, and Undaria pinnatifida). J. Korean Soc.
Food Sci. Nutr. 33: 747-752.

2. Park, K., S. Park, G. Kim, and W. Kim (2008) Preparation and
characterization of sodium alginate/PEO and sodium alginate/

10.

11.

12.

13.

15.

18.

PVA nanofiber. Polymer (Korea) 32: 206-212.

. Park, S. I. and 1. Y. Kang (2005) Preparation and characterization

of calcium alginate microcapsules by emulsification-internal
gelation. Polymer (Korea) 29: 369-374.

. Kim, K. S, H. S. Choi, and J. Lee (2007) Characterization of

the controlled adsorption of chitosan on alginate gel surface:
Effect of pH and concentration. J. Chitin Chitosan 12: 43-47.

. Akiyama, H., T. Endo, R. Nakakita, K. Murata, Y. Yonemoto,

and K. Okayama (1992) Effect of depolymerized alginates on
the growth of bifidobacteria. Biosci. Biotechnol. Biochem. 56:
355-356.

. Xu, X., Y. Iwamoto, Y. Kitamura, T. Oda, and T. Muramatsu

(2003) Root growth-promoting activity of unsaturated oligomeric
uronates from alginate on carrot and rice plants. Biosci. Biotechnol.
Biochem. 67 2022-2025.

. Kim, J. H,, C. M. Choi, W. 1. Kim, J. 8. Lee, G. B. Jung, J. D.

Shin, J. S. Sung, J. T. Lee, and S. G. Yun (2007) Application of
microalgae for managing agricultural water quality. Korean
Journal of Environmental Agriculture 26: 7-16.

. Joo, D, C. Jung, C. Lee, and S. Cho (2000) Content of phycocyanins

and growth of Spirulina platensis with culture conditions. J.
Korean Fish. Soc. 33: 475-481.

. Fabregas, J., A. Maseda, A. Dom in, and M. Ferreira (2004)

The cell composition of Nannochloropsis sp. changes under
different irradiances in semicontinuocus culture, World J.
Microbiol. Biotechnol. 20: 31-35.

Park, H. J., E. I. Jin, T. Jung, H. Joo, and J. H. Lee (2010) Optimal
culture conditions for photosynthetic microalgae Nannochloropsis
oculata. Appl. Chem. Eng. 21: 659-663.

Yokose, T., T. Nishikawa, Y. Yamamoto, Y. Yamasaki, K.
Yamaguchi, and T. Oda (2009) Growth-promoting effect of
alginate oligosaccharides on a unicellular marine microalga,
Nannochloropsis oculata. Biosci. Biotechnol. Biochem. 73:
450-453.

Joo,D. S., Y. S. Choi, and S. Y. Cho (2003) Preparation of the
depolymerized alginates by physical treatment processing with
organic acids. J. Korea Fish Soc. 36: 1-5.

Guillard, R. R. L. and J. H. Ryther (1962) Studies on marine
planktonic diatoms. I. Cyclotella nana hustedt and Detonula
confervacea (Cleve) gran. Can. J. Microbiol. 3: 229-239.

. Krienitz, L., D. Hepperle, H. B. Stich, and W. Weiler (2000)

Nannochloropsis limnetica (Bustigmatophyceae), a new species
of picoplankton from freshwater. Phycologia 39: 219-227.

Kim, Y.M,,J. Y. Kim, S. M. Lee, J. M. Ha, T. H. Kwon, and J. H.
Lee (2010) Carbon dioxide fixation using Spirulina platensis
NIES 39 in polyethylene bag. Appl. Chem. Eng. 21: 272-277.

. Chen, P.C. and Ph. D. Dissertation (1979) Physiologische und

biochemische undersuchungen zur rhythmilk synchronisierter
Chlorella. Géttingen Univ, Germany.

. Lee, J. H. and E. Lee (2003) Isolation of alginate degrading

marine bacteria and characterization of alginase. J. Life Sci.
23: 718-722.

Lee, S. M. and J. H. Lee (2010) Influence of acid and salt content
on the ethanol production from Laminaria japonica. Appl.
Chem. Eng. 21: 154-161.



