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Growth and nutrient composition of Eustigmatophyceae Monodus subterraneus

and Nannochloropsis oceanica in autotrophic and mixotrophic culture

Min Jin Jo

Department of Aquaculture
Graduate School of Industry

Pukyoung National University

Abstract

Eicosapentaenoic acid (EPA) is one of the most important n-3 highly
unsaturated |fatty acids (HUFA). EPA produced from marine organisms is
widely wused in | nutraceuticals. Freshwater FEustigmatophyceae Monodus
subterraneus 'is known to have high amount of EPA compared to marine
Eustigmatophyceae Nannochloropsis oceanica.

In this study, the “optimum. culture-conditions such as media, temperature,
light in autotrophic culture condition—for—M.  subterraneus are investigated.
The growth and composition of nutrient as amino acids and fatty acids of M.
subterraneus were also examined and compared to those of N. oceanica. And
the dietary value of these microalgal species for rotifer Brachionus plicatilis
was tested.

The optimum media, temperature, and light intensity for M. subterraneus in

1

b

autotrophic culture were JM media, 25C, and 80 pmol photons m? s

respectively. The growth, cell size and weight, and biomass of M.



subterraneus cultured with glucose 2% in mixotrophic condition were higher
than those in autotrophic condition. With regard to nutrient composition, M.
subterraneus cultured in autotrophic condition showed higher contents of
amino acids and fatty acids than N. oceamica in autotrophic condition did.
And those of M. subterraneus cultured in mixotrophic condition were the
lowest. The dietary value for B. plicatilis fed M. subterraneus cultured in

autotrophic condition was better than that fed N. oceanica.
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I. A E

O 7HE 32 84 A (PUFA, polyunsaturated fatty acid)y= A @3, oF 2 ¢
=/ A3 Fo oeFst AWy Aol x5 f-8&3Fth(Simopoulos, 1989).
o] & EPA (20:5n3, eicosapentaenoic acid)2} DHA (22:6n3, docosahexanoic
acid)®} 72 n-3 AE=EEZSHA|WAE (HUFA, highly unsaturated fatty acid)<>
of FollM F= ABAEY, ojFs i} o] 7o Ho| Fo we} JFe W
T H(Yamada et al., 1987). PUFA®] 87} Wold 45 o] fFolld mjAx
ol 2 tE AEZHEH Aite] 8953 9 TH(Cohen and Cohen,
1991).

R EX AP |

rr

&S PUFAE JASHARE H5 mAl xR/ o
ul Al 7ol Hls]l EPASF DHAE ®o] A4kshA| & E=Tt(Bajpai and Bajpai,
1993). Monodus subterraneus = <4k Bustigmatophyceae (X HEF)=

XX A EPA $hgo] 7HY =S £ % Sy E(Iwamoto and Sato,
1986) Isochrysis sp. X.TF EPA ¥&Fo] =TCi(Liu and Lin, 2001). X 3|54k

Q1 Namnochloropsis oceanica= ©}V| =4k}

of\

Eustigmatophyceae2] o] 3£ 4]l
A At geFe] 5231 HlERE] B, C, D ® K 7} S5k, AEY A7) &
i Mzl gloj A rotifertbisfi AN Ol _HOl A EE S E8 vlolot A
(Kilian et al., 2011) 2 EPA(Fang et al., 2004) % 59 AA= g o]
S5 ATt T M subterraneusi= A7FF Y Bl oy} &3t ow

7ol 715 3FtH(Lam, 2000).
B Ao M= M subterraneus® EFABAS 5k viX], &%, 2%, o
o HAwWGRAIN ArtddE B EFIYE el wE A
biomassE ZA}stal, T <A b H [/ HEEQA N oceanica @ W]
HolAEZ g o] &5 & rotifers UIFS=ZE olE F ZIgh

]
sto] Hol|AWEZ Al M. subterraneus®] 287}
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LA, 22 3 228 435

Aol A3+ M. subterraneus= UTEX 151 (The Culture Collection of
Algae at the University of Texas at Austin) B T2, F4ustul 3|
Hpo] @ A1 A8t} gk Al 2723 (KMMCC, Korea marine microalgae
culture center)ol| A FFRrol 0|83 T WA= M. subterraneus®] Wl ol
dg] o]-&% % BG-119]#](Allen and Stanire, 1968; Table 1)2} - 213 o A
A elgk IM HJA](Thompson et-al., 1988;-Table 2)5 o= AHES H
al 33T

Hjok = 25T9F 28T, 2EE _IEEHORZ 60, 80, 100 pmol
photons m? s'® kel AAES FASESI tH(Liu and Lin, 2001). 250

mL Zek~Fel 100 mL WiAE EFEska i) el AEE 10

(specific growth rate, SGR)= Z|4F38}S] th(Guillard, 1973; SGR/day = 3.322
X IOg (Nz/Nl)/(tz—t1), Na: tzj\]gl A‘ﬂ.:]__ == , Ni: t; ]9] A 3E ‘élk")



Table 1. Chemical composition of BG-11 medium (Allen et al., 1968)

Compound
NaN03
KoHPO4
MgS0O,4-7H20
CaCI2-2H20
Citric acid
Ferric ammonium citrate
Na,-EDTA
NazCO3
Trace-element solution

H3;BOs
MnCI2-4H20
ZnS047H,0
N32M004'2H20
CuSO45H,0
CO(NO3)2'6H20

Concentration(g/L)

1.5
0.04

0.075

0.036

0.006

0.006
0.001
0.02

1.0mL

2.86
1.81
0.222
0.39
0.079
0.00494

Table 2. Chemical composition of JM medium (Thompson ef al., 1988)

Stocks
(1) Ca(NO3)24H,0
(2) KH,PO,
(3) MgS0O47H20
(4) NaHCO;
(5) EDTAFeNa
EDTANa,
(6) H3BO;3
MI’\C|2'4H20
(NH4)6MO7024'4 Hzo
(7) Cyanocobalamin
Thiamine HCI
Biotin
(8) NaNO;
(9) NazHPO4'12H20
Medium

Stock solutions 1 - 9

per 200 mL
40 g
248 ¢
100 g
3.18 g
045 g
0.45 g
0.496 g
0.278 g
0.20 g
0.008 g
0.008 g
0.008 g
16.0 g
72 g

per litre
1 mL each




subterraneus®] QT FE FFS AT AT 9IS 80 pmol

photons m? s %97 LD cycle 12:12 FAHTFR PR3]

o
rO
o2 b

EeFd g Mg ATk el A 9f 2ol 80 umol photons m? st o] ALKz
g3} L:D cycle 12:122 &3}
o el e wado

ez sruleFstdh mebd W s AR TR TR,

3L 2% glucoses ©AYOo R @il wjYgasl
=

2%2] glucoseE %Il L:D cycle 0:242]

HA v B Al e 7] dA8E e 453 mA e 10% HA
AEato] 9dzb wjUdsitt AEEEE A TS 0] 881 ol A9}
T4 HHoE vid AEFE 3NHEORE SA5te] SGRe AAsHI
A A7l ALY 28 994 44 Fael = 30704 o)) A= &=
< S (Moticam_pro 205A, Motic)ste] 1 A xS A7|E T8l Al

xo] AFFS AT-FTEAL 12 glass microfiber filter (GF/C, Whatman)

-

2 60TolA 2MRFES Aol $FE 4T F ARG WG 30 mL
o

S olyste] vgAl 2413 Hx jE - AR AT



1. 3. 98 AdE Ws)
M. subterraneus®] F[EWAHS LolH7] H3f 2% 25T, =T 80
=Zo

umol photons m™ s 2%, IM mediaol| A 81 ol M. subterraneus

&
S 44 st wiSTE AAS = tA] 0 psu, 15 psu, 33 psu] IMH]
Z] e} o] 15 psu, 33 psu® f2¥)A|(Guillard and Ryther, 1962; Table 3)°l
100x10* cellsymLe] =5 HHF atgich. Aol o2 M A= 5
Tt sFE ol&ste] ekt mA et o]l e TR WA=
U 2=k 8l 2hoA 743

tol @R Y48 Waks wAE,

-

rob
o

250 mL Zg}~=9] 100 mL &5

=
Ay
ol

of

I ¥ X5 Y3ES

i
o

o 3wk o AAlsher.

Table 3. Chemical composition of f/2 medium (Guillard and Ryther, 1962)

Component Concentration
NaNOs3; 150.0 mg
NaH;PO4-9H,0 8.69 mg
Ferric EDTA 10.0 mg
MnCl, 0.22 mg
CoCl; 0.11 mg
CuSO047H,0 0.0196 mg
ZnS047H0 0.044 mg
NaZSiO3-9H20 50.0 mg
NazMoQO4:2H,0 0.012 mg
Vitamine B12 1.0 ug
Biotin 1.0 ug
Thiamine HCI 0.2 ug
Filtered seawater 1L




2. U M subterraneus®t N. oceanica®l 73737 3 vl

9} St XQPEERF N oceanicas WFS] S MlusTh N
oceanica (KMMCC-359)+ Sharaf| u Az /F-28)ol A &8 ujgd To=
EPAE#Fo] =ok(Fang et al., 2004, Bae and Hur, 2011a) rotifer®] = o] &
2 g &85+ FTolth. N oceanica®] w2 f2¥)%], 25C, 100 pmol
photons m? s'o] FHo = “6‘]-93\1:}(Bae and Hur, 2011b).

Aol Aok ol AVNGF 2T, EHAY 2AUTL TR 30

M. subterraneus®} N. oceanicat~ 2}Z} IMZ} 2B A& o]&3s}lo] 25T
A 3L FEE A st Z7Fd %L 80 pmol photons m? st AL

Zv 3follA LD cycle 24:03 12:12, <39 %2 glucose 2%, 80 pmol

photons m” s A& % oA LD cycle 24:03 12:12%2 wjFatsict. of
F71 e AEE AR F8 F 4 A7 80Tl B
st

obH] .=k AlE 50 mge AlE el Wil 6 N HCLS 7}ste] West &

oy

110C & 24A17F &t 7Fiaf shqlvh. % % 0.02 N HCl 5 mLE %



=33t % 045 um syringe filter= ]33} of 3} & &AM 20 pL F
3} amino acid analyzer (HSAAA, Hitachi L-8800, Japan)E ©]-83}<
ninhydrin®™H 0. &= FAsith. AHAF 32412 lipid classoll A 59 A4

S Metcalfe et al.(1996)2] ol we} BFs-methanol= methylation A] 7

o

auto sampler”} “&=% gas chromatograph (6890 plus, Agilent, U.S.A)=

A

A5t GCel #AFZH SR columne o-wax column (30 mx0.1 mm 1D
length, 0.1 pm thickness, Supleco, U.S.A)S AF&38} 3, 7 A WAk 37
component FAME mix. (Supleco, U.S.A)E A}-&3}3ITh Carrier gas & N,
(30 mL/min)E AM&3} L, oven &%+ 200CelA 230C7H4] 1C/min 5

ZEA A AL, injector2} & E E5 250TC =2 A ASH T
l

3. Rotiferol| ™S+ M. Subterraneus®} N. oceanica®] ™ °] a5
Holga4ddd2 FAdeal s SHtoli Aty 78&EF
(CCUMP, Culture colleetion of useful marine plankton)oll X %+ Brachionus
plicatilis (Large type,-L: 243.44£23.3 pm, W::154.6£13.1 1m)E 3o =2 A}
ST 1.2 um glass microfiber filter (GF/C, Whatman)= ¢} of 3}3]j =
o} THTE 4] AES 15 psuR THE F 1 L v]o]AC g 500 mL
2 Y3 ZEHE 20 HA/mLE HE8TH
2 T3 F ouAzRF TS Axe A7 AolE nHEsle] M
subterraneus= 5 x 10* cells/mL/rotifer/day, N. oceanica’= 10 x 10* cells/mL
[rotifer/day= A 7|ZF T o7} &} T8 Holde A=
t}. Rotifer W% 2%+ 25C, 2%+ 20 pmol photons m™ s

C
oA F7Ivdely wjd SUsE AFke] mLE JNAISTE sedwick rafter



chamber® ©]§3te] S48 SGRE ZAATh 54 A 3% T4 E=2

TS o] gkl AAPAFA Skl

4. A=

e Ao FA A2 SPSS Statistics program (version 17.0, SPSS
Inc.: Chicago, US.A)S A}-&3}%] One-way ANOVA-testE 2A|sH 5,
Duncan's multiple range test (Duncan, 1955)= A 22 A4 (P<0.05)=

AAFE,



1. 9fA], 2% ¥ 259 A&

i Ao A JME|A]= 25T, 80 pmol photons m? s'oA 14
Uﬂ _%]_TL 2,967 ce]]s/mLQ] [=iR=g=4 %’i\“é] %7]'6‘}'95\]:]’. JMHHX]‘O/] /\E]@?'
257C, 100 pmol photons m? s' & A|¢JsF Ymx] 3 A4 BF FHu

FtooofN e

1=

2,000 cells/mL ©]7 Ad7gstdth, Lo Hbs] BG-11 HiX] AT oA
257C, 80 pmol photons m? s' & A3 U] AFH{q M= HuL
7} 1,000 cells/mL ©] 3} AT} (Fig. 1)

aly

1=
=

25 2o 25T A E IMHEIA], 80 pumol photons m> s'oll A 2,967
cellsymL®] HIWEE HQl WHH 28 Co A= 2,075 cellymLo] BM%EE H
Aotz Ag el Ay s wlausEE JMe]#], 100 pmol photons m?
s A9} BG-11¥1A], 60 pmol photons m> s’ = A28k x| Ae
o A 25C ZxolA HiSE Al O = .(Fig. 2)

2= Ao A=60 pmol photons' m*.s'ol| A= FH I 2,120 cells/mL
(25°C, IMH]A]), 80 pmol photons m™ s'olAE FH il 2,967 cellsymL (25T,
JMHE]A]), 100 pmol photons m? s'ell A= FHaL 1,907 cells/mL (28°C, M}
Z)E Ho] 80 umol photons m? s'olA 7 e AAS HATE 60
umol photons m? s' AFFoNAZ= JMEIA A Bl AldE= HuU=
2,120 cells/mLE X 3149 80 umol photons m? s' 2] AdFHTE=
BG-11 iAol A v Al ©b& AAES Hol @ &84 o3t (Fig. 3)

M. subterraneus®] FHZ w7 82 AP A Hi EAHES 7|FL

2 SGR#S A= Fig 4.9F 2k AFES 25T, 28T AT EF M



WA 7F 710l Xl BG-11 MiA BT 2 ks BT 25Tl = M
Hi 2], 80 pmol photons m™? s’ A 0.5360. 2 7 Egkow e A 60
umol photons m? s'olA 05022 I thgo Rz Edtl ThE RLEAAE
SGR#ko] 2 Zlo nHla] 25T, 100 umol photons m? s'oll A= JMHE]A],
BG-118]#] 5 0.383, 0.398= 7} sttt} o] A3} M Subterraneus®]
A v e 25T, IMHIA], 80 pwmol photons m™ s & 3}ol% i},

_10_



3,000
JM media
2,500 —
—#—28°C, 60 pmol photons m-* s-* /\
_12,000 —&— ZEC, 80 pmol phofons m-* s-* /
£
= —®—28°C, 100 pmol photons m-? s-* )
T1.500 o
T 25°C, 60 pmol photons m-2 s- #\/
—
* 25°C, 80 pumol photons m-2 s-
1,000 i o A
25°C, 100 pmol photons m-2 -t [..;_ﬂ/
500 ﬁ Ll i
) »o
ol ==,
e [ — —ly
o T :
3,000
BG-1L media
2,500
—&—28°C, 60 pmol photons m-2 s-*
_=|2,000 —+—28°C, 80 pmol photons m-2 s-*
E' —o— 28°C, 100 pmol photons m-2 s-*
Z1,500
z % 25°C, 60 pmol photons m-2? s-*
—
"‘1'000 25°C, 80 pmol photons m-2 s-1 N
25°C,100 pmol photons m-2 s-* / LA
- :_ﬁéLWf“ ——
o S i o i i i i I 1 1 I i i
1 2 3 4 5 5] 7 i 9 10 11 12 13 14
Cultured days
Fig. 1. Cell density of Monodus subterraneus cultured in JM media and

BG-11 media with different temperatures and light intensities.




3,000
25°C
2,500
—&— A, 60 pmol photons m-? s-* ’
2,000
= —+—JIA, 80 pmol photons m-2 s-*
1_,;- —o— 1A, 100 pmol photons m-2 s-*
T1,500
© BG-11, 60 pmol photons m-2 s-*
=
~ BG-11, 80 pmol photons m-? s-*
1.000 7
BG-11, 100 pmol photons m-? s-*
T —
500 i '2_; t.r_—"‘-— —_——————
G ‘o
— =
0 EmegpmanrEiTE
3,000
28°C
2,500
—=— I, 60 pmol photons m-2 s-*
i
_;|2,000 —=—JI, 80 pmol photons m-2 s-*
l_n" —4—]JI1, 100 pmol photons m-2 s-*
B1.500
E“‘ +BG-11, 60 pmol photons m-2 s-¢
= BG-11, 80 pmol photonsm-? s-1
1000
BG-11, 100 pmol photons m-2 s-1) -~
500
0 __-____ Il 1 L 1 ] 1 1 L 1 ]
0 1 2 3 4 5 o 7 8 9 10 11 12 13 14
Cultured days
Fig. 2. Cell density of Monodus subterraneus cultured at 25C and 28T

with different media (JM and BG-11) and light intensities.
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3,000

60 pmol photons m2 st
2,500

—8— 28°C, JMI A A
2,000
—&— 25°C, JM /-/
1.500 28°C, BG-11
25°C, BG-11 /\/{
1000

x10# cells/mL

500 - - =
0 _____-__
3,000 "
80 pmol photons m-2 s /
2,500

—=—3gC, JM /
Lsop | 28°C BG-11
425, BG-14 l‘\/ /J
1,000 . A

¥10% cells/mL

SO0
4]
3.000 .
100 pmol photons m-2 s
2,500
—8— 28°C, I
—
Z 2.000 —25°C 1M
=
Lzl
T 1500 28°C, BG-11
z 25°C, BG-11
= 1000
500
—#— | — ‘
_— _\——l-'..-

Cultured days

Fig. 3. Cell density of Monodus subterraneus cultured under 60, 80 and 100
pimol photons m™ s with different temperatures and media (JM and BG-11).
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<— 28T 25C ——>
0.7 <—JM media —><—BG-11 media—><— JM media —>< BG-11 media—>

SGR

0.0 =
o0 80 100 o0 80 100 o0 80 100 o0 80 100
Light intensity (pumol photons m= s1)

Fig. 4. Specific growth rate.of Monodus subterraneus cultured ' with different
culture conditions. Different letters on the bar mean significantly difference
(P<0.05).

L2 gl 4B arge
M. subterraneuss A7}F Y, THIY L B GO R wjFs Ay A

FUE

o] Waki= Fig 5.9 2k Ad 79A A= AV GO R 2443
2t Ao AEEETF 833 cellsmLE EFFFoZ 24417 A
e AT 598 cellsymLETH 9k, 8UANE EFFLo=

BE Ao AER=TE g4 A Srhek, 9YAl €]
1,894 cells/mLol| @3l A7 SO 24417 ALz A9 Azl
% 1,048 cellsymL Rt} €53 2 UEE HIY I EtESeR
HjFg A= Aol dojubA &gkt

2
4B

%

2473 AL



g 9d= 7IEe® 3 Alxe] AFES TAFYE 2447 A5zl
A 0.718% v Aol vishA fofstal d5s] mdth B B gl
e -0.0789 BFES Bol M. subterraneuss E}7FGdo]l B
o vEbgth 2443 A& Ae RAIF 2R Aol Bl
A7 G ERISF MF EFolAd FostA w2 AEES Eid
(P<0.05)(Fig. 6).

ke 300 mLe] MXE FEete] AxTES ST A, TFIY
AT AZFYE Aol vishA ofF 108 o] kAL, 2447 AE =
g AT 12407 2HE AT Ry O w2 AX25%S B ATHFig.
7. AE A7) NME Egddor wjaks AEE Aridgoz wjokst
Al Zol| Hlate] Y &S HOTHTable. 4). AE T ATHFS IS
A7 AkdE A el vlsl i olshAl =t =D
3 AFF7F 0.0353 nglS 2 7HF EQkal 12417 2HEE 0
Hjste]  felsAl | w2 AdTsTde BN Ao = wdd AL

0.0021~0.0027 ngS-% L:D eycled] W& ot Z}o] 7k 1S tH(Fig. 8).

it
o

1. 3. el e AE

M. subterraneus®] @-#H3lol wE AJAFELS Fig. 9.9 YEMAY. HF
AZHEH 7d & 543 o Wi Fold thET IM 0 psu HiA
ol A SGRS 0.326 (HFLU % 518x10* cellymL)= 7Hd =dth 1 tpg-o
2 2 15 psu HIA] oA SGRS 0.229 (H L% 369x10* cells/mL)= %9
o} 33 psudll Al HUE= 15 psuoll A IMEf A A BT f2ul 2] ol A 2] A5

ol B B& A% wh

i
i)

7]

oN
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2,000

—E— A(2410)

—E-a12:12) /
1,500 -2 M(240)

—W—1(12:12)

—EH(0:24) / _
1,000 e

X104 cellsf/mL

500

Cultured days

Fig. 5. Cell density of Monodus subterraneus cultured with different trophic
culture conditions (A: autotrophic, M: mixotrophic, H:"heterotrophic, 24:0 and
12:12 = L:D/ cycle, G: glucose 2%).

0.8
a
0.7
b
0.6 c
0.5
d
0.4
=4
)
0.3
0.2
0.1
e
0 1 1 1 1
-0.1
A(24:0) A(12:12) 1M{24:0) M(12:12) H(0:24)

Fig. 6. Specific growth rate of Monodus subterraneus cultured with different
trophic conditions(A: autotrophic, M: mixotrophic, H: heterotrophic, 24:0 and
12:12 = L:D cycle). Different letter on the bar mean significantly difference
(P<0.05).
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0.25
a

0.20
2
= 015
=
T
> o010
> ©.
o

0.05

b
. . l
0-00 _ 1 1 1
A(24:0) A(12:12) M(24:0) M(12:12)

Fig. 7. Biomass in dry weight from 300mL ~of Monodus subterraneus
cultured with /different trophic™ conditions (A: autotrophic, M: mixotrophic,
24:0 and 12:12 = L:D cycle). Different letter on the bar mean significantly
difference (P<0.05).

0.04
a

0.03
=
b
=
= 0.02
=
=z
L)

0.01

L s
i | . I
A24:0) All2:12) M(2A20) Mil12:12)

Fig. 8. Cell weight of Monodus subterraneus cultured with different trophic
conditions (A: autotrophic, M: mixotrophic, 24:0 and 12:12 = L:D cycle).
Different letter on the bar mean significantly difference (P<0.05).
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Table. 4. Cell size and dried cell weight of Monodus subterraneus cultured

with different trophic conditions (A: autotrophic, M: mixotrophic, 24:0 and

12:12 = L:D cycle)
Culture Length (um) Width (um) Weight/cell (ng)
A(24:0) 6.45+0.99" 3.66+0.50° 0.0027+0.00028°
A(12:12) 5.9810.77¢ 3.31+0.33° 0.0022+0.00035°
M(24:0) 7.52+0.912 3.65+0.81° 0.0353+0.00163°
M(12:12) 7.80+0.83% 4.99+0.742 0.0289+0.00177°

Different letters in the same column mean significantly difference (P<0.05).
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Fig. 9. Specific growth rate of Monodus subterraneus cultured with different

salinities media. Different letters on the bar mean significantly difference

(P<0.05).
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Fig. 11. Specific growth rate of Monodus subterraneus and Nannochloropsis
oceanica cultured with different trophic conditions (A: autotrophic, M:
mixotrophic, 24:0 and 12:12 = L:D cycle). Different letters on the bar mean
significantly difference (P<0.05).

_21_




0.5
N oceanica

0.4
2
]
]
= 03
=0}
=
o)
& 0.2

a
a q a

0.1

0.0

0.5 =

M. subterraneus

0.4
=
=
£ 03
'z
=
=
£ 02

0.1

C
C
o 1R ===
A(240) A(12:12) 1M(24:0) M(12:12)

Fig. 12. Biomass in dry weight from 500mL of Nannochloropsis oceanica
and Monodus subterraneus cultured with different trophic conditions (A:
autotrophic, M: mixotrophic, 24:0 and 12:12 = L:D cycle). Different letters
on the bar mean significantly difference (P<0.05).

_22_



0.03
N. oceanica

=
= 002
=
T
=
z
[

0.01

d
b
0.02
M. subterraneus

=
= 002
=
T
=
= c
L]

) I

0.00 L

A(24:0) A(12:12) 1M(240) 1M(12:12)

Fig. 13. Cell dry weight of Nannochloropsis oceanica and Monodus
subterraneus cultured with different trophic conditions (A: autotrophic, M:
mixotrophic, 24:0 and 12:12 = L:D cycle). Different letters on the bar mean
significantly difference (P<0.05).

_23_



N. oceanica
[
g d
@ b i}
8 a c
=
[}
2 tl I:
0
8 d
M 5ubterraneus b
(5]
N oa
Ll
T
[}
2
0 1 1

A(240) A(12:12) M(24:0) M(12:12)

Fig. 14. Cell size of Nannochloropsis oceanica and Monodus subterraneus
cultured with different trophic conditions (A: autotrophic, M: mixotrophic,
24:0 and 12:12 = L:D cycle). Different letters on the bar mean significantly
difference (P<0.05).

_24_



N

2. e

M. subterraneus®} N. oceanica®] vJFHIHo| W& ofw| Al A3} il
2 e Table 5o YEMNUTE. M. subterraneus®] 735 A A ofw] Al
x4 & glutamic acid’} 4.5~10 pg/mg= 7Fg =94 Th Cysteines 0.4~0.6

pgmg= 7P shokvh @i o ek R 2443 AH2 ol ATHE

X

o5 wjYst M. subterraneus’} 36%= 7Y =kom, 12A]17F ZW S}
ArldFo e A e 1 Sl 04 ohulnd B

3 24A17F ALz o| A g go R wjdd AL 12%E 7FE ko

-

I~

H

H, 12A17F et A R7FGFo R v s Mosubterraneus”7t 3%= 7HE
DStk 24017 EEY el Bet Avtdeel EFIutt fola &
S 1203 Z APTAAE ERAYel AL EY F S v
28w

N. oceanica®l 735 AA olu:=Ait A % glutamic acid’7} 5.8~12.3
ng/mg® 7+ Ut Cysteine 0.3-0.8 pg/mg= 714 vtk @ g
F e 1243 2ol EFALSR vt Noooceanica’t 24%=
N ko) 24Nk A5 EReIH | ATk FoL MR A9t 20%

7P wsknh depoh| ik S w3 RARE RSt TR des

N

Wi Sk N. oceanicaZt 7.7%= 7HE =k 24X A&l A AT

O

Fom WP AT %z /MY etk 2@z BAgle] Aol
ks B Y R gl At gnnt felal Eeh

M. subterraneus®} N. oceanica®| vjFHIHo| w2 XHHAE AL Table
I 2. M osubterraneus® 739 A A HHAF A F EPAVF 24417 A
W3k A7 el Bt ie

=
Aol Y] ed@TolA U2THFT 14~24 pg/mgo = 7Hg =%om,
U3 S 2+ palmatic acid (C16:0)°] 14~20 pg/mgl = FAFSHAl =tk

@)

1

it
=
o2
rot

M. subterraneus=

N

_25_



EPA & 244 7F A&z zprtedekom vjdkst M. subterraneus©l

A 24 pug/mgl = 7}

o
i
%0
=
N
>
)
0
4B

=3} L:D cycle 12:123}0l 4|

SgAdLeZ wFs M subterraneus®l = palmatic acid (C16:0) 30|
12~13 pg/mgO = 7} w3kom, 1o whal EPATHES 5~6 pg/mgl 2 W
A HEFSY. DHAS RS 2443 A&z stol A A7t oz mFst N
oceanica®| ATt 2.8 ng/mgS = EFSLTE

T AHE TS 243 AEEHTelA ATl R wd M
subterraneus®| A 345 pg/mgl =2 7 =9kO | LD cycle 12:12 &}l A
27t o =2 wFSt M. subterraneusT 325 pg/mg 02 AT O R =3k
o}

E A HIAE (saturated fatty acids) < L:D cycle 24:0 3}ol A A7)
do =z et M subterraneusO A 5214 pug/mgl 2 FolslAl =okar
(P<0.05), L:D cycle 12:12 s}ollA A7 S =2 Bl St M. subterraneus
oA 5137 pug/mgl ® TATIS O R kO m 24A]7F A&ExH oA &

A4t (monosaturated fatty acids) -2 24A17F AL sl A A7l
o= wjFst M. subterrancusl 4l 31.46 ugmgl = 7Fd =9kal, LD
cycle 12:12 3slollA Ap7pufedoz wlEsk— M. subterraneus®l <l 30.81
pg/mgl @ AT O0 R Fhow 247 A& stol A Arpggom u
&3k N. oceanica®l A 74 Wkt PUFA S W3l 24417 ASZ2W 35}
A zZp7pafeko & wjekd M. subterraneusol Al 242.18 pg/mgl 2 7Y =
rom, L:D cycle 12:12 &}olA Z3td o=z wmFst N oceanica®l X 7}
S YERS T (P<0.05).

_26_



Table. 5. Amino acids contents (ug/mg in dry matter) of Monodus
subterraneus and Nannochloropsis oceanica cultured with different culture

conditions under 80 pmol photons m™? s” at 25C

Amino Monodus subterraneus Nannochloropsis oceanica

Acid Autotrophic Mixotrophic Autotrophic Mixotrophic

(ng/mg) 12:12 24:00 12:12 24:00 12:12 24:00 12:12 24:00

Threonine 3.241.7° 4.3£0.6% 2.6+0.3% 2.7£0.4°¢  4.1£1.2%° 2.3£0.7° 5.3+0.6° 2.3+0.8°

Valine 2.7+1.4% 3.8+0.5% 2.7£0.3" 2.5+0.4> 3.5¢1.17%° 2.1£0.6° 4.8£0.7° 2.1£0.8°

Methionine 0.620.4™ 0.4+0.0% 1.2+£0.1% 0.9£0.3* 0.420.2% 0.2+0.1¢ 1.1+0.2° 0.20.1°

Isolencine 2.0£1.1% 2.90.4%* 1.840.2° 1.7+£0.3° 2.410.7°* 1.4+0.4° 3.3x0.5% 1.4£0.5°

Leucine 5.1£2.7" 6.921.1% 3.7+0.4° 3.4+0.4° 6.4+1.9%° 3.5+1.0° 8.7+1.0° 3.6+1.3°
Phenylala b 3 L
nine 3.1+1.6™ 3.90.6" 2.0+0.2° 1.9+0.2° 3.5+1.1% 1.9+0.5° 4.6+0.6° 2.0+0.7°
-ni
Lysine 4.0£2.1° 5.4£0.8%* 2.240.2° 2.3+0.2% 4.241.2" 2.940.8% 6.5+0.8" 2.9+1.1%
ASparﬁC b b b b b b b
d 5.9+3.07 5.1+3.7 4.5+0.4 4.6+0.5 6.9+2.17 3.8+1.1 9.0+1.1% 3.9+1.4
aci
serine 3.1£1.6™ 4.1£0.6® 2.0+0.2° 2.30.3° 3.8+1.1%° 2.120.6° 4.9+0.6° 2.2+0.8°
Glutamic » 5 s
i 7.8+4.0% 10.1+1.5° 4.5+0.5° 4.50.3° 10.3%3.0° 5.9+1.7° 12.341.4° 5.8+2.1°
-aci
Glycine 3.4+1.7%° 4.4+0.7*° 2.3:0.2° 2.240.2° 4.3+1.3%® 2.3+0.7° 560.7% 2.4£0.9°
Alanine 4.622.4% 5.9+0.9° 5.020.5™ 4.420.7 6.21.8%° 3.4+1.0° 8.4+1.0° 3.5+1.3°

Cysteine 0.5£0.3% 06£0.1°"  0.140,0%  0.4%0.1* . 705+0.2"  0.3%0.1° 0.8+0.1° 0.3£0.1°

Tyrosine 1.8£1.0%  22402% 12802 1.1:0.5® 22509  1.1:04°  2.9:0.4° 1.1£0.6°
HN3 1.2¢05%  15:0.3®  15£0.2%  1.6£04°  1.3:0.3® 1101  1.6£0.2° 1.0£0.2°
Histidine 1.3:0.6*  1.7#0.3®  0.940.1° 0.9+0.1°  1.6£04%  0.9£0.2° 1.940.2° 0.9+0.2°

Arginine 4.1£2.2% 5.7+0.8° 3.3x0.3° 3.0:0.6° 4.8+1.4% 2.7+0.8° 6.2+0.8° 2.71.0°

Proline 3.2¢1.8° 4.1£0.8° 2.6+0.4° 2.0£0.5° 7.9+2.4° 4.11.4° 9.4+1.37 4.2+1.8°

Protein(%) 9.0£6.2° 36.0£8.2°  16.9+1.1%  13.0£3.1°  22.2+0.8°  20.0£1.0®  24.4+1.8°  20.5+1.6°

EAA(%) 2.9+2.0° 12.1£2.2° 5.6+0.4> 4.321.0% 6.8+0.3° 6.0+0.3" 7.7+0.6° 6.3+0.45

12:12 and 24:0 = L:D cycle.

Different letters in the same row mean significantly difference(P<0.05).
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Table. 6. Fatty acid contents (ug/mg in dry matter) of Monodus subterraneus
and Nannochloropsis oceanica cultured with different culture conditions under

80 pmol photons m? s at 25T

Fatty Monodus subterraneus Nannochloropsis oceanica
acid Autotrophic Mixotrophic Autotrophic Mixotrophic
(ug/mg) 12:12 24:00 12:12 24:00 12:12 24:00 12:12 24:00
C10:0 6.3+2.5% 6.3+3.9° 6.3+1.6% 6.0+2.8% 3.6+0.6° 2.6+2.3" 2.5+0.4° 4.5+1.8°
C11:0 2.9+1.1° 2.9+1.7° 1.9+1.8% - 1.60.3% 1.80.2% 0.8+0.7° 2.0£0.8%
C12:0 4.6+1.7° - 2.1£3.7% - 1.7+1.5% 1.1+1.8° 1.4+1.2% 1.821.7%
C13:0 2.8+0.8° 2.6£1.4% 1.241.1% 0.4%0.8° 1.60.2%° 1.540.2%° 1.0£0.1° 1.720.6%°
C14:0 5.4%1.7° 4.9+2.4° 4.5¢1.12 1.121.8° 3.620.8%° 3.520.5% 2.9+0.6%° 4.01.32
C14:1 2.540.9° 2.3%1.3% 1.321.1° 2.1+1.0° 1.540.2° 1.740.1° 0.940.2* 1.740.8°
C15:0 2.1£0.7%° 2.3%1.2° 2.320.4° 1.9+0.8% 1.240.2% 1.341.7% 0.9£0.2° 1.520.5%
C15:1 2.2+0.8° 1.941.2% 2.0£0.5% 1.8+0.8% 1.2£0.2% 1.2£0.1% 0.8£0.1° 1.420.6®
C16:0 18.843.2° 19.945.2° 12.542.6° 12.642.2° 14.413.6° 14.3+2.8° 20.043.9° 18.37.4°
C16:1 14.5%1.1° 13.4£3.0° 6.9+1.2° 6.6£1.2° 9.242.5% 9.312.5% 14.243.3° 12.2¢5.1°
C17:0 2.240.8° 2.3212° 4.110.6° 2.2+0.8° 1.2£0.2° 1.330,2° 1.1£0.2° 1.50.6°
Cc17:1 2.0£0.6™ 1.9+1.1% 5.321.0° 2.4£0.9° 1.10.2° 1.2£0.0° 1.00.12° 1.30.6™
C18:0 3.0£1.2%° 3.241.6%° 3.410.6° 2.9+1.1%° 1.8£0.4% 1.9£0.2%° 1.5£0.3° 2.1£0.8%
C18:1n9 8.8+2.7%° 10.4£3,8%° 11.242.9° 8.1£2.7%° 6.620.9%° 7.241.1%° 5.540.9° 8.5+3.3%
C18:2n6 5.1%1.4° 5.6£2.5° 4.020.8* 4.1+1.6% 3.310.4%° 3.840.5%° 2.4%0.3° 4.711.8%
C18:3n6 1.1£1.22 1.921.12 1.8+0.4° 1.7£0.7° 1.120.2° 1.2£0.2° 0.8+0,1? 1.420.5°
C18:3n3 1.1£1.1% 1.8+1.1° 1.820.4° - 0.6£0.5* 0.4£0.7° 0.7£0.2* 0.7¢0.7*
C20:0 - 1.0£1.8% - 1.1£2.0% 2.6£0.4* 2.9+0.3% 1.9£0.3%° 3.241.2°
C20:1n9 1.0£1.7° 0.6£1.12 - 1.1£1.0° 1.0£0.8° - 0.5£0.9°
C20:2 0.9+1.5% 0.8£0.7% - 1.9+1.0° 0.8£0.7% 1.320.1%° 0.5£0.4% 1.4£0.6%®
C20:3n6 - 1.8+1.6% - . 0.8+1.3° 2.0+1.7%° - 3.1¢1.2°
C21:0 3.4£1.1° 3.4£1.9° 3.1£0.72 3.2¢1.2° 2.2+0.3% 2.4£0.3° 1.920.2° 2.9+1.12
C20:3n3 4.4£0.6™ 5.0£1.5° 2.7:0:8° 2.9+0.8° 3.5£0.3% 2.740.3° 3.8£0.3% 3.6£1.6®
C204n6 -y g 104128 - - - 042070 03105 -
(AA)
C22:0 - - = 4.0+4.2a 0.7£1.1° 0.941.6%° - 1.5£1.6®
C(ZEOSAT 20.2¢£1.1% 24.32.5° 5.6£0.7° 5.4+0.9° 19.4%1.2%®® 14.0£0.8° 20.3:2.0%  19.1+11.4%®
C22:1n9 - 0.9+1.5° - B - 2.8+4.9° - 0.9+1.6°
DHA - 4.8+0.2° - -
Saturated 4.0£1.1% 3.8+1.5° 3.240.9° 2.740.8° 2.840.5° 2.840.4° 2.840.6° 3.541.12
uns':z::ted 3.9+0.9° 3.9+1.2° 3.3:0.5° 2.8+0.7% 2.6+0.5 2.640.5 2.840.6° 3.3+1.4°
uns:t‘:":'ated 1.8£0.7%° 2.4+0.6° 1.540.3% 1.5+0.6% 1.420.2% 1.640.5% 1.241.1° 2.10.8%
DHA/EPA - - - - - 0.3£0.0° - -
EPA/AA 4.7+0.8° 5.0£0.9° 2.1£0.4° 1.940.2° 5.6+0.3" 5.3:0.4° 5.440.2° 5.241.0°
n-3 HUFA 24.741.3° 29.545.3° 10.6+1.2° 8.6+2.1° 22.241.6° 21.7+1.4° 22.942.0° 22.7+12.7°
Total lipid

] 324.8+70.6  345.2+101.7  235.6+46. 205.6456.9  240.4+34.0  250.9+39.2  243.5+36.4 295.2+114.
(U—g/mg in ab a Gah b ab ab ab sah
dry matter)

12:12 and 24:0 = L:D cycle.

Different letters in the same row mean significantly difference(P<0.05).
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Fig. 15. Cell density and Specific growth rate of Brachionus plicatilis fed
Nannochloropsis oceanica or Monodus subterraneus (A: autotrophic, M:

mixotrophic). Different letters on the bar mean significantly difference
(P<0.05).
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