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Tab.1 Ly(3*) orthogonal test used for study

SEYG5 treatments no. 123456789

4P salinity 6 6 6121212181818

J 3%/ [umol/(m’-s)] light intensity 10 30 50 10 30 50 10 30 50

i f5£/°C temperature 10 20 30 20 30 10 30 10 20
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Fig. 1 Effect of salinity-light intensity-temperature combinations on the biomass of
Chaetoceros sp. SHOU-B98 at different culture time

The column super-marked with different letters means significant difference among the treatments at the same time (P<0.05)
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Tab. 2 Effect of salinity-light intensity-temperature combinations on ARA, EPA and DHA contents (mg/g DW) of
Chaetoceros sp. SHOU-B98 at different culture time
( IEZZE%)/V ) Hﬂ‘. /d SEIGY treatments
fatty acids time 1 2 3 4 5 6 7 8 9
ARA 2 0.77£0.19%* 0.90£0.09"" 1.02+0.18C 0.35+0.02" 0.59£0.01°° 0.54:£0.06** 0.53£0.14°  0.58+0.02°" 0.740.1""
4 0.56£0.11"  1.32£0.02" 2.28+0.34™ 1.12+0.06™* 0.91£0.11°" 0.57£0.04* 1.06£0.14"® 0.79+0.01** 1.04£0.14™
6 0.57£0.07°" 1.0240.12°" 2.21+0.55" 0.98+0.15"" 1.16£0.54°® 0.540.07°** 0.89+0.00""° 0.48+0.05°° 1.19£0.07"*
8 0.47£0.06*" 0.49£0.06™C 2.05£0.4"  0.44£0.07*" 0.99£0.13®¢ 0.29+0.01" 0.76£0.17°°  0.31£0.04" 1.43+0.21"
10 0.26+0.04™  0.6240.16*C 3.49+0.25" 0.75£0.07*° 3.14£0.21** 0.32+0.02" 1.32+0.09*  0.42+0.02°™ 3.19+0.18™
EPA 2 2.61£0.42" 2.884+0.26"" 3.27+0.51" 3.05£0.11°" 3.64+0.19"° 4.82+1.03" 4.43+1.42°C  6.44+1.49° 7.77+0.69"
4 2.87+0.35% 5.16+0.68 7.25£0.87°" 11.46+0.61** 7.67+0.71°* 7.12+0.52°*® 11.02+0.76"* 11.61£0.60** 9.070.65"
6 3.79+0.08* 4.96+0.04°* 5.01£1.18" 7.69£0.91" 5.01+0.84™ 7.85£0.16* 8.71£0.50"  8.22+0.72 8.28+0.64"*C
8 3.46£0.36" 3.09+0.15® 2.81+0.18"C 4.53+£0.08C 2.14+0.52° 4.87+0.20° 4.38+0.24°  5.94+0.8°  7.79+0.66™
10 2.39+0.19"  4.71£1.44" 3.3240.53 6.92+0.46" 5.07£0.23"® 6.58+0.52" 4.57+0.20*° 8.96£1.00" 14.10£0.72*
DHA 2 1.1740.37%% 1.02+£0.12°* 1.31£0.17"* 0.73£0.12%° 0.87+0.11*"C 1.32+£0.22°* 0.84+0.13*"  1.45+0.03" 1.71£0.16*
4 0.72+0.07™  1.01£0.02°* 1.67+0.30™" 2.47+0.05** 1.28+0.05*" 1.44£0.15* 1.97+0.17"*  2.02+0.04"* 1.83+0.41"*
6 0.84+0.08"*" 0.99+0.03°* 1.43£0.40" 1.88+0.08" 1.09+0.25%"® 1.37£0.13°* 1.77£0.50™* 1.46+0.23"" 1.88+0.10*
8 0.74+0.16™ 0.26+0.13® 0.53£0.04 0.64+0.09° 0.63£0.05™° 0.49+£0.07°° 0.53+0.03°°  0.59+0.09"° 1.39+0.13*
10 0.31£0.06 0.37£0.09 0.73+0.09°" 1.18+0.12" 0.89+0.14 0.68+0.10 0.64£0.02°°  0.91+0.05C 1.59:0.18"

Ve F—IRTR [ — AT HE _EARANE NG T RER R AN R SRR A 2 ) 22 5 2 (P<0.05); A — IR IR Al — SUMHE _ERRANF R S - REROR AN B 77

I ] 22 18] 22 5 52 2 (P<0.05)

Notes: the data in the same line super-marked with different letters means significant difference among the treatments (P<0.05). the data in the same

column of same fatty acid super-marked with different capital letters means significant difference among different culture time (P<0.05)
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R EY 75 & 3 4
Tab.3 Analysis of variance for the effect of the three factors on ARA content of Chaetoceros sp. SHOU-B98 at different

KR source df MSyq MSyq MSeq MSgg  MSjoq Faq Fyq Feq Fgq Fiog Fa
#H 4 repeat 2 0.03 0.03 0.06 0.00 0.00 1.27 0.30 1.12 0.11 0.03
AL treatment 8 0.13 0.81 0.83 1.06 5.62 5.06%*  8.03%%  15.67%* 28.45%% 256.8%* F( 53167259
¥ salinity 2 0.29 0.70 0.47 0.43 0.14 11.44%*  6.98**  8.81** 11.42%*  6.44* Foo181673.89
J:5% light intensity 2 0.13 0.36 0.66 1.38 5.52 5.20 3.60 12.38%*  37.09%*  252.6%* Fgo50,163-63
5% temperature 2 0.05 1.40 1.82 1.87 12.11 2.11 14.01%*  34.26%* 50.09** 553.9%* F((2,1676.23
"7 D error D 2 0.04 0.76 0.38 0.57 4.69 1.57  41.14%*  7.24%*  1520%*% 2]14.3%*
"7 E error B 16 0.02 0.02 0.05 0.04 0.02
AR ZE total error 18 0.03 0.10 0.09 0.10 0.54
S8 5t total variations 26

e B AR FRE R R (0.01<P<0.05); _FARF*ERIR B EEP<0.01), FF
Notes: The data super-marked with * means the significance is 0.01<P<0.05 and data with ** means the significance is P<0.01, the same below
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Tab.4 Estimated marginal means and pairwise comparisons of means on celluar ARA content of
Chaetoceros sp. SHOU-B98 at different levels of the three factors
%K M7KF¥1E means of different levels of each factor
R FEL s . b v 17
" %Hfla/d P salinity Jt58/[umol/(m*-s)] light intensity R /°C temperature brED:
culture time standard error
6 12 18 10 30 50 10 20 30
2 0.90" 0.50° 0.62° 0.55° 0.69" 0.77* 0.63" 0.66" 0.71° 0.036
4 1.39° 0.86° 0.96° 0.91° 1.00" 1.30° 0.64° 1.16" 1.42° 0.102
6 127 0.89° 0.86° 0.81° 0.89 1.31° 0.53° 1.01° 1.42° 0.098
8 1.00° 0.57° 0.83" 0.56° 0.59 1.25° 0.35° 0.79 1.27° 0.098
10 1.46 1.40° 1.64° 0.77° 1.39° 2.33° 0.33° 1.52° 2.65° 0.232

e F— AT R R RS LA FNG R OR 2 7 R (P<0.05), T

Notes: The data of the same factor in the same line super-marked with different letters means significant difference among the treatments (P<0.05), the

same below

=5

EREEFEE T =ZEEX A ERESHOU-BISHIEPAS E &

NE 75 = 5 1R

Tab.S Analysis of variance for the effect of the three factors on EPA content of Chaetoceros sp. SHOU-B98

at different culture time

KA source df MSyy MSy MSgq MSzq MSioa  Faa Fyg Feq Fyq Fioq Fa
H K repeat 2 027 004 0.12 0.05 031 0.41 0.01 0.37 0.25 0.60
Ab3 treatment 8 932 2659 10.60 9.1 3732 14.36% 731%F  31.93%  4636%  72.06**  Foossi672.59
L salinity 2 26.00 69.94 33.14 20.76 74.13 40.08** 19.22** 99.85%*  105.63**  143.15%* Fo01(8,16=3-89
Y655 light intensity 2 832 091 226 492 2560 12.82%* 0.25 6.82%* 25.03** 49.43%* Fo052,16=3.63
IR temperature 2 201 594 119 1044 4136  3.10 163 358  S3.A3% 79878 Fogin1676.23
%% D error D 2 093 2958 580 033 8.18 1.52 74.58%*  17.46%* 1.67 15.80**
%% E error E 16 0.61 040 033 020 0.52
AR Z total error 18 0.65 3.64 094 021 137
S8 5F total variations 26

A58 & [50 umol/(m*-s) ] FlidE FH R (20 °C)IR & AT
FIF £ B % SHOU-BOS A il &5 IEPA . K It, ff
E B SHOU-BISHN i B REPAM F AL s 7R 4 A 4%
R R EE18 . YA EE 50 pmol/(m? s)FIIR J& 20 °C
(#6).

R B REAS T AT
B SHOU-B98HDHA & i i) /7 2=t R Wl : 58
4. 6. SFI10KEEJE X} S 41 i DHA & &4 B 35 5
Wi R s 552, 6. SHIT10K L E 5 i X 35 41
JMIDHA A M W 5200 556, 810K It B2 Xt
AN DHA B i A W i 5 . B SR A

N HRSR 5 I 19 28 BAR 4R 24 % £ B 3 SHOU-
B98I DHA & & f7 W 2 s o 2 52 W [Fin 2 p>
Foosaiele HFRFORIF, HER =HE P m
BN DHA S &8 1Y 1 2N (R T).

HR 4l = R AN [R] K 7 3548 A Ak 3 2 Br 2B
PTG LA AT, R EE(18) . sROG RSR[50
umol/(m*-s) | FIIE H R & (20 °O)IR &4 B T T %
SHOU-BO84H il & siDHA . K, 85 3% )5 #1 £
£ SHOU-BISZ il 1 RDHAM e L 15 = 4l & 5%
PR ERRE 18 GBI BE 50 pmol/(m?s)FliR JE 20 °C
(#8).
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Tab. 6 Estimated marginal means and pairwise comparisons of means on celluar EPA content of
Chaetoceros sp. SHOU-B98 at different levels of the three factors
%K M7KF-¥1H means of different levels of each factor
iil?t‘z rﬁjfjnii L salinity Jt58/[umol/(m*-s)] light intensity IR /°C temperature Stajj:ﬁiimr
6 12 18 10 30 50 10 20 30
2 2.92¢ 3.84° 6.21° 3.36° 432° 5.29° 4.62° 4.57° 3.79° 0.261
4 5.09° 8.75° 10.56 8.45° 8.15° 7.81° 7.20° 8.56" 8.65" 0.604
6 4.59° 6.85° 8.40° 6.73" 6.06" 7.05° 6.62° 6.97 6.25° 0.309
8 3.12° 3.85° 6.04° 4.12° 3.72° 5.16 4.76° 5.13° 3.11° 0.147
10 3.48° 6.19° 9.21° 4.63¢ 6.25° 8.00° 5.98° 8.57" 4.32° 0.375
F7 HEREEFEET=E R A EESHOU-BISHIDHA S £ F M) /5 & 7 4
Tab.7 Analysis of variance for the effect of the three factors on DHA content of
Chaetoceros sp. SHOU-BYS at different culture time
Hei source df MSy MSi, MSgq MSgq MSyoq  Fog Fuq Feq Fyy Fioq Fo
H 4 repeat 2 001 0.15 0.00 0.00 0.00 0.08 0.75 0.02 0.16 0.18
Qb3 treatment 8 036 079 044 029 047 4.92%%* 3.89%* 13.51%*  27.11*%%  39.56%* Fo.058,1672-59
¥ salinity 2 025 1.08 096 026 0.84 3.43 5.35% 29.28**  24.50**  69.83%* Fo.018,1673-89
J5% light intensity 2 083 031 033 022 024 11.36** 1.56 10.00**  20.46**  19.81** Fo.0502,1673-63
5% temperature 2 011 043 029 0.10 041 1.49 2.16 8.97** 9.66*%*  33.88** Fo.0102,1676-23
%7 D error D 2 025 131 019 057 042 4.86% 20.82%* 5.77* 53.82%% 34 73%*
%7 E error E 16 0.05 0.06 0.03 0.01 0.01
RRZE total error 18 0.07 020 0.05 0.07 0.06
K5 total variations 26
*x 8 FEESHOU-BISHIDHAS BRI =E R A EKFHER G TR EMA A LR S
Tab.8 Estimated marginal means and pairwise comparisons of means on celluar DHA content of
Chaetoceros sp. SHOU-B98 at different levels of the three factors
%R Z M7KF¥1E means of different levels of each factor
cilit fejilﬂjn/lg L salinity Jt58/[umol/(m*-s)] light intensity R /°C temperature stajjﬁiimr
6 12 18 10 30 50 10 20 30
2 1.17° 0.98° 1.40° 0.91° 1.12° 1.51° 1.32° 1.22° 1.01° 0.069
4 1.13° 1.73° 1.94° 1.72° 1.43° 1.65° 1.40° 1.77° 1.64° 0.088
6 1.09° 1.45° 1.71° 1.50° 1.18° 1.56" 1.23° 1.59° 1.43® 0.072
8 0.51° 0.59® 0.84° 0.64" 0.49° 0.80° 0.61° 0.77° 0.56" 0.085
10 0.47° 0.91° 1.05* 0.71° 0.72° 1.00* 0.63° 1.05° 0.75° 0.075
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3 iR

I8 T 11 28 B AR O 38 28 A K 1) 52 ) 7
FURBHEY . TEHE M B w55 22 B (Geitler-
inema amphibium)!"" F O3 8] THESE . AWFSR
o, WA AR E T, REERE .
5 R B 4 G X A B B SHOU-B98 A I E3
Wi, EREF12. JGIR30 pmol/(m?s)FTiE EE 30 °CHYZH
& B EREE 18, JEHE 50 pmol/(m?-s) L 20 °CHYy2H
A T M EESHOU-BISE Y i K e P, i v £%
£ SR B R S0 50 0 A5 B 1 £ S B SHOU-
BOSAE: Wy A K W B il 2 B L Ol R B R
12,6, 28 umol/(m*-s)F122.3 °C, HoA: Kl
R AM S AR IR 45 R A 25, R
T B RO IR B 1 32 B4R BT 2 5 e 2 A
E#HSHOU-BOSHY AE K ML E

IBE R A s A K R e, d s
e AR AR DT 5 B L SR R
WAL . 6 RERT LU 3 — & 91 Bk A R R
HABL AL R A2 5F 515, BOG kD
f) 2 Tk 2l i A YR 1L T (ACCase), 175 5 ACCaselifi I
WRRWTRR I A R SRR E N SRR S S
N R e AR i VI E PR S i (o S
17 12 (SF A) Fll AN 18 1 197 2 (MUF A) ) & B2
7 T A UK ARV A 3 1 i I TR A T 5 R
B, ARRSEEE AU ARA S &= O £ N1 S i R
(PUFA) & 12 359 [ ) BE 5 B2 1 38 i R fIK . 58 5=
SEPOL PUBR 45 #f 4 B (I sphaerica) T ARA S &

O BESR FE B B SR M RIS s 284 05 S P IBE 9 4 Hh i
1535 (Amphidinium sp.) DHA % & Fifi 't 18 5% B2 19
BT REAS s 9 B RS 22X T 4 BR B8 (NVanno-
chloropsis oculata) M2k @ 1 K % (Paviov viridis) )
WF5E & BEPUF A i B S5 1) 38 5 M BRI . 4R
i, XEF406A 6 (C. gracilis)B BT 5T 0 36 B &5 %
A H T ARATEH A R &, 50 pmol/(m’-s)
IF ARA (5 SR TR 1Y e 24 1.69% , T 7E 140 pmol/
(m*-s)f FFH514.81%%Y; Leed5 W45 H 48 BR i
(Porphyridium cruentum) EPA % 12 [F) Ff B ' 1 5%
() HEIN T EG 0, 3X 5 AR S0 1Y ISR A R AR AL .
A 5T BT R FH A9 34~ 6 I8 BE AR B (10, 30150
umol/(m?-s)]H7, 7E50 pmol/(m*s)HY G MR T,
i BB SHOU-BI84N il i ARA . EPAFIDHA T &
PR, LRBFFEH, ol Bk B ol AR 5 | ik e
JIgs 195 PR 2L 18 7= A AN ) A2 Ak A S R, 4 D — Ty T

LA 55, Renaud 5P AN 1 AN [R] 9 3 40
i v A AN TR) 288 R g AR R, T K S Rl )
M2 Ot 9 1 52 m OR [R, BT DL [R) b e 2L
ARA . EPAMIDHARE Y B GE JBE 19 A8 fth & 22
o 37 T 5 S BT SR 4 O R A BE A 3
AR, NAERGKELE, b TIRE.
O B  BE 2 IAFE 22 HAEH, 50 pmol/(m*-s)7)
ot BE R B AR SR Ab T A B 3 SHOU-B9S Y il ‘B A=
K 1101 FE 58 B S L

T BE RE A2 98 15 i i R A ik R b AR DG Y
TP, AT 2 M ok 986 40 6 %) i 5 P 2L 17 3
R R S A SFA S BB N . PUFAR
WA . TEAR TR IR BT v, A 40 i 5E i
5 20 R R P R ) AS VR R R R R 84 T 44 i e
) ) NRT(TIR 7 ST 1 o Bl ol L R . L
B PSS SFA B 2 (1) 3% 0Bk A Sk 2 A
20 0 55 50 A M 1 — PR B i S 2 AR
AN TR 15 SRR FE X 20k B B B 4535 (Skelelonema munzelii)
SM-1FISM-2J1i5 [y R 4 )3 4 5% Wi 4% ' 3 (P<0.01),
T4 ARAFIEPA Y e AR BH IR B 0 FH s 2 %8 B TS
TR, 15 cChfik i, HHTARAS &
435 490.53%H10.43%, EPAS 435 4 18.87%F
19.97%. 4% 55 HUAE PG H T BE X fl o R 3 g 1 TR
HI A B, EPATE20 °CHf &, N
30.57%, 30 °CHF 2RI T/, H11.94%, KM
18 AT B HE 5 AR W (Schizochytrium sp. FJU-
S12) MU N DHAM & &, 15 °Chit e, M
64.11%", FEABIFE T, fAE % SHOU-BI84 ity
Y ARA B B 7E B IR (30 °C)4H e K, 1M EPAF
DHA % £ WU 75 H il (20 °C) i e o 3¢ BH g T X v
M [ PUFARY & e A R [R5 . X s 5
AN TR G 7 R (9 2 92 DI BE G 5% . EPAFIDHATE A
W VE BB AR i T B 4y, B T EA AW AR T
ReAh, MmN R A, FERIE AT,
2 LTI R 8 S R 22 Y EPAFIDHAK Y Jin 4
RS B S Bk . 1T ARA N B T A= Wy 1A 482 Tt
IR R AE Y, NI E R RRIE T, B
#SHOU-BOSAN I & AL T =i M ARA S & . LY
25 WAL /NERPE (Cycelotella sp.) SHOU-B108H 1,15
FIESL

AzachiZF P A Sy Hh B (1475 1k BE 15 5 i ok 35 40
JItS 19 B-Fil il ik -Co A& il il [ B-ketoacyl-coenzyme A
(CoA) synthases (Kes) i 7 B2 25 1 F1 il 1) & B,
BT A It -CoA & WL 1t A2 e T i s TR Tk i B K 25 TR
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40 %

() O B IR T, SFATE 25100 RN A9 7 FH R JE B
MUFAPUFA . 5 5 ib 25 52 e i i 0906 & /E H
FUNF WA FH A HL T A5 38 R G0, DI 52 el 240 L Hig
0 T8 ) o TR A B A v R R T AR KT
FEWH Z R RE R, PR UL AN N A% AE 9 TR T A A
NG, s E AR, 40O A AE
o [HJE, TEMEREE T, 40 o b s aE
PR 22, PUFAS & MR, TSR & & 38 e,
23 (0, R R AE IR B 4544 N A B T PUFA (n-3) ¢
EPARY A B, 1 S CT ARR g 1 4 BE D EPA
W R B, TR KR B (16) AT 44k 1 7 2% 3 40 i
& B B KMEPA, 1 2 [KH 4% i SM-1HISM-
21 ARAFIEPA 7 it Fifi 5 B (9 34 fin 22 5% L THE T
FEfy k%, ARA & 3 576 8 B2 201 150 fe i
EPA T B 7E£E B 1S 38 3 5 = B B R A5 PY4
W, 2R Pyramimonas sp. 20 il H1 C20:418 7 BR W) &
B A AR B )R R T . Teshima§ PRl T
— Fli/NBR ¥ (Chlorella saccharophial Y1EE E4~30
PR L 20 0 R A K S IR R R A, R
T A TOHRTE T HR p5 L ER B (Nannochloropsis
oculata)F B EPAP) i id 6 B Y0 29 27.0~29.0, %k
FEAL T 14.5~33. 5K EPAR & i o E 52 . A bif
FEH, ARER B (6)F T 1 B B SHOU-BIS A il &
BE & EMARA, (A Fl T M £ ¥
SHOU-B984H it % 1 = % = A EPARIDHA, ik
SN, R R X T AN M G W R AR R, O
B s R 0 R 0k, i HLE BA IR D R 1Y
Fes M.

gi LTIk, R OGMERE . RE SR
XF £ 3 SHOU-B98 1Y A= K K o AN A1 i 7 R 15
wHGRELW, HAERKREWLEE.
TEEL 12, JEIEER FF30 umol/(m* s) AR EE 30 °CHY
HE PR EE 18, G IEEE EF 50 umol/(m™s) I EE 20 °C
I 4H A &5 T fA T ¥ SHOU-BISHE 1k 15 5% K iy 4E
Y, AR RARAM BALEE FRALA &M iR
JE6 . SGIEREE 50 pmol/(m* s)FiR 30 °C., 4 il
LR EPARIDHA R S L35 F2 1 & 45 A W ER 18
6 BB 55 £ 50 pmol/(m*-s) AR & 20 °C.,
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Effects of salinity-light intensity-temperature combinations on the growth and
highly unsaturated fatty acids of Chaetoceros sp. SHOU-B98

HUANG Xuxiong**", ZENG Beibei', MU Liangliang', CAI Jing', WEI Likun'

(1. Key Laboratory of Genetic Resources for Freshwater Aquaculture and Fisheries, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. Aquatic Animal Genetic Breeding Center Collaborative Innovation Center in Shanghai,

Shanghai Ocean University, Shanghai 201306, China)

Abstract: Orthogonal experiments Lo(3*) were applied to investigate the effects of different salinity (6, 12 and 18),
light intensity [10, 30 and 50 pmol/(m*-s)] and temperature (10, 20 and 30 °C) combinations on the growth and
cellular contents of arachidonic acid (ARA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in
Chaetoceros sp. SHOU-B98. The results showed that salinity, light intensity, temperature and the interaction of the
three factors had significant effects on growth and highly unsaturated fatty acid contents of the microalgae. Under
salinity 12, light intensity 30 umol/(m’s) and temperature 30 °C combination and salinity 18, light intensity
50 umol/(m*-s) and temperature 20 °C combination, the microalgae displayed the fastest growth and highest
biomass since the 4th day (P<0.05). The best culture conditions for cell to accumulate different highly unsaturated
fatty acids were also different. The optimal combined culture condition for Chaetoceros sp. SHOU-B9S cell to
accumulate ARA was combination of salinity 6, light intensity 50 umol/(m*-s) and temperature 30 °C. While the
optimal culture condition to accumulate EPA or DHA was combination of salinity 18, light intensity 50
umol/(m*s) and temperature 20 °C. Therefore the suitable culture condition for microalgae Chaetoceros sp.
SHOU-B98 with fast growth and high fatty acid nutrition value is the combination of salinity 18, light intensity 50
umol/(m’-s) and temperature 20 °C.

Key words: Chaetoceros sp.; salinity; light intensity; temperature; highly unsaturated fatty acids
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