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s, B #, mEN

(1. RpHPE R ZK7 RS E IR A A AR PR B RS0 2, B 2013065 2. BIEA Ry [ e AR Wb [ B
BB WL, Ll 2013065 3. LIRS R MR- T LR G, 1 201306)

B MW (Tsochrysis sp. ) R 2 G EREE (Myrmecia incisa) Je HAT R 2 B IR MHE IO BA08E , 70 00 & —+
ZHRANHRTR (DHA) FIAEA PUMGR (ArA ) XF3X 2 FRCEE I 57 IR/ AR IR b IR 07 SR TR R o e IR BRI
HMNIEAT BB INT , 25 B B R 2 G S e 2 T LS e SR A TR SRS A1 S R AR A i s 38 B
BB SR B IR R A R WL 0N S o/ LA 1 o/ Lo FEBUHERN F , ARSI TT RUT UL 1 5 W - 36F
TAEHE G 5,300 me/ T BT IR BT T AR B A AR e TR X T A DHA BR 3R B0 e A Bt s ) 1 ke )
GRERHE , BT TR B X TR AR R R B 2 (B0 G ArA 38 B RO 25, SR SR I ArA (985 B R
FEUESE T PR GAGHE 1 S SR P 5 il e UGS FR IR 5, BE— PSR ARIROIT ST , NI ARAT T 535 P T ) el A
Pl AR AR IR0 & o o K ARFRARAT0 2 Fh e ] T 500 b e, 4525155 W] DHA 5 ArA #§
A AR Rt i 265 v 2R, NTTAT BT e i 6 R 9 AL Y ) 7K 7 P o AR DA 5 B0 <5 88 ANl 2 % 8 1) W D

RS T A AR AR S %

KB GRS T BRAGERE T TRONIRIR AEAEDUIEIR ; 1

HPESZES: S963.21 XEIRER: A
TR — 2800 )2 B0 A R TR R A
—J5 T B A AR A BERE HEATOL A 3R, BIA
FAYEAE R REVR, R CHLBRAE BRI . #E0% A
Fr A AR T A S YT B4 R A A 2 TR O A L
T RERAR TG A ) FH 20036, 00 i TFG ks 3k 01 s v ) 2
BEL S 53— 5 T, A O AT SR I R
RIVTE RIS 2% 1R 1 M A BRI AR S 2B K 14 I — i
RRIBRIE o 506 A FRAE LG SO Y 3R R 2 B
TOERE, DR AT LA 55 AT 1 2 ) SO e v B AT
Sl AT, 15 Y KUK AIG, 40 3 B i 18 2
EEATE R 2, IFAR Ir A 1 OB AR RE A8 57 7 o
FI R A8 19 57 7 e b 2 B PRGE T/ Bk 22 TP
ek A Y R SRS N £
HA& 5 IR B Bl e Ph T BT, HoA 2 B
B o AT Y 4 (Isochrysis sp. ) 5k
2G5 (Myrmecia incisa) , % H 5 IR Rk B T
9T SFHEEBR KN, O EE, 5 AL, H.

s B EE: 2021-05-21 & E B4 2021-07-11

ELWB: ERARPEE-IREHREEETH (U1706209)

NN & &+ Bk 75 K iR ( docosahexaenoic acid
DHA) ; B 2 Sk i i — M BRI IR K S, 284
SN 1R BV F B AR AR DU 4 R (arachidonic acid, ArA)
TR I PR AT B SCk T 4
BERET S A7, WL M ANGE— 5 SR 2 S e ) AT 1
RS SR IIRGE , FOWEE B A K R AR
PRI , A BIFSE 1 2P % 2R S50 I < 0 D B 221 5 2t 9
FEATAT I 5 76 S R fily b 4k 7 Jie I e 52 5
RP4RAEA FLARIE 1 [H] I o kb 7806 B, DU R 75 58
EAEY R R, BT AR AN, A E L2
e 2 A R IR TR, Bl DHA 5 ArA 7
SR/ MR R A B JE X T TR
AR & DHA AOSEHEG 8 S B & ArA 1R %1%
g, 22l T IO pa L, W5 8 2R il
JUT R 5 RE R 1 126 45 b HOOFAE HAR N B 4R, LUE
BUE SRR AT (K R

TEHE B XIBERE (1994—) 2 W EWFoE A A9 05 [ A I AE 4R o E-mail : m180100056 @ st. shou. edu. en

BEEE: FEN], E-mail : z2zhou@ shou. edu. cn
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1.1 SKIgHH

AW 5E T R 0 Bk %) 2 4t B ( Myrmecia
incisa ) B ¥ P R 27 5K B R SB 15 G 5 5 M 4
(Isochrysis sp. ) W F _FHE iR AYFHE AR A
WE5E i >R P A0 V25 10 e (Artemia sp. ) PRAR B I
F IS K= AR AT
1.2 XBWHE
12,1 e ek

M4 PR IE SRR R /2 KRR 0k, 5%
MEES 25 °C 3R K 28, pH 152 8.0, 7£ 3.5,
10 g/ L 1) 4 28 BE R BE S 75 mg/ L (1) 2k Wk 32
AR A BT IR 5 SR N G SR B R R T
J& BG-11 KG9 58 G FR iR B 25 °C,pH /7 &
6.8,7£0.5.1.0.1.5 2.0 o/ L [i{ 8545 b i e 7
1 500 mg/L (0 i IR 44 JoT ot ok 32T 5k 220 % S 3
AT RS WRRBGE SR TTNAE N 3.5 em 1R
FEAR DI (45529 500 mL) VE R AW SN %
FEMA 0.22 pm I8 TSGR, B TR
BIrE.

TE 6 H e AR K i e A i 28 W o i vk R
Jei , E—25 B T3 A AR O S R AR K e fE
IR Mk e, GBS AH S o/L #ik
5,75 .150 300 600 me/L [N EREN Y £/2 55353k
TR IR . BRZIG A S 1 o/L %N,
150,300,750 .1 500 mg/L R4 ER 4N BG-11 £
FRHEP AT RS
1.2.2 Mgkt

FERABA LR 5 35 SR e, LM A AN AR,
ANt 120 wmol/ (m® « ) AYIGHR Sl B At 15 B
[ LR 12 he 12 b FERCAR T ) 5 M 4 8 Fn ik )
GRS IR . I AR A T, R A
TG FR PRI 39 mey/L S EHEE, 2 fh
TR IR SR A2 12 d,
1.2.3 AR e

KHAZE BRI EAY R, BRI 10 mL
PRI ARG 5 000 r/min 5.0 FF FHZE R K ok 3
U, E B ML T FR 5 A 9 48 ( Whatman GF/C, fL1%
1.6 pm) Fadig/s, B F 80 CH Tt = 1E
T HRAEAS [R] s B) A A 3 2 2 o 20 L i A
Khgk. HTFIASGHEAYE(N)

N= (W=W,)/V (1)
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XN A, /L W o & A S IR AR
JiE, g W, RUBARHI T, g5 V R BRI AR, L,
1.2.4 {4309 DHA 5 ArA B9

HR ¥ B COHEN (7 10 5 B i e
B 20 mg T RB A 1 mL 4% [ 2 F s
W, BT B O, BT 80 Tk 1 h, %
HEIA 1 mL IEC %R0 1 mL 0. 9% iy S AL ihi
WL, W ENR %, 784 IR AT, 5 500 1/min, B0 10
min, I ECE 5 W, AR T3+ IE C b R %
Ji 177 B2 4 1843 A7 >R FHl- Angilent 6890 plus 7 S 4H
A, B3R R HP-5 BB 4045 K8 40 7 bk
50: 1525 5 VRS AR M TE S B 450 30,40
mL/min, FEEE R R 1 Lo AR IR W7 BR bR o & Y
3 L IR B B () XA o i I B 1 43, )
FHgE TR ARIH—fk k15 DHA F ArA A XA 43
i,
1.2.5  pd BUIHAL S e e i

208 BARUAH 210 1) 7 1k IR AT 1 75 7 9%
fbo b BRI 25 1F R - T R 30 °C, Eh Ry 27,
pH JE15 % 8.5, Y6 IR & 36 pmol/(m” « s)
JIr 4 b BN R4 24 b5 G G 2R
BT, A 3R 45 50 3R 45 e DHA il
ArA B B I 25 B 4 8 RN B2 % 2 B N PR S R
B L, TR IR AL . LA S R X
WE 250 3 ANFAT 4. SRALRT, B B 25 B oy 50
A/mL, SRR R 3 x 10° 4~/mL,
1.2.6 [GHpg DHA 5 ArA B9

Ay WIAETRAL 6 12 #1124 h J5 H] 300 H iz it
TR SR G b B, 2K b T, BT
AR 60 °C i B 5 B B, AR E T HORE B, AT
DHA 5 ArA e , #5383 I PATAL. e J7 i
[ 1.2.4 7,
1.3 HERESSH

A SERR AT 3 WK, S 45 AR Y T
PIE = b 2E ok Ron, A E 4 E 22 5%k A
Kruskal-Wallis PR 2577 22047, 76 P <0.05 19 &
5 BE /K 2R Duncan [ 2 BRI . ASIF
INGFREFR 2 5 A G L. R SPSS
22.0 43Mr%diE , GraphPad Prism 5.0 #474/EH .

2 R0

2.1 EWEEMRAGFZREFRFRER
BRI T2 PP RE R AE S IR AR T AT
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o TERWTANE T, 2 Pl #h 28 4 M1
ME— BRI o R T A B, T AR R T vk
€3 ~10 ¢/L, X — B VL BLE TR Z
O MIER) SR8 45 RIE La s, 4o
RIS, A M BERE NS IR W AR K, SRR W
NS g/Le FERERBURUSEIRTL 2 10 ¢/L )5,
Pl A=Y S B R B %) T BRI SR ek ie
A FUA 1 R SCHRAGE T SRR RE , HOE T %

L5 o 0g/L
= 3g/L
2 1o +5g/L
2 = 10 g/L
Ko
HE o5
2
0
0 2 4 6 8 10 12
e Time/d
(a)

B AR DR R ARG . 275 3%030Hk, AR
BCEI A A RN 0.5 ~2.0 /L. 4f
T B A TSP P T A R Y LI, 22 5 2k
PR A, AP RO R A R R o/
(E 1b) o fEBE— LI E R R W E RS ~
10 g/L i, WL B R0HE 22 58 T, AN REAF I . X
LA B2 2 S e ] RE L AT A A5 IR A A 26 AR Jo
RIS T IR

1.2 o 0L
= 0.5g/L
2 0.9 - 1.0g/L
IIIlH{< < 1.5g/L
ﬁg 0.6 ©2.0g/L
g
£ 0.3
0
0 2 4 6 8 10 12

i 1E] Time/d
(b)

Bl SRFFHTEFESE(a) MRAKZE (D) WERER

Fig.1 Growth of Isochrysis sp. (a) and Myrmecia incisa (b) under heterotrophic condition

BR TR Z A0, BoR e A K e 1 B R R
il R, PR, FE BB 1O T 2 A iEE S R B
AR &G, ARt — PR TEAT
2B A SR, N TEM SR, ES /L
2 AR O R R () A, I 75 ~ 600 mg/L iR
AT S ARG R (b 75 mg/L R IEH /2 #5357
FEPr SRS TR I WK T ) o G5 R NER 1 PR,
i T 0 e A B %o 6 I 4 i 1) B KR R IR A
EEFFEAMIC H :300 mg/L >600 mg/L > 150 mg/L
>75 mg/L>0 mg/L, Fxim AW 75 1.52 ¢/L,
bR T AR Z AN, WO IR DR & L S B R 5t
W RS B VA DG . ASBIF 9T 48 i R T A
ST EBRZ ARSI, B DHA 85 &,
R IR PR A 1 o 8k 5 7E 300 mg/ L BF DHA 5 i
Tem L, BB SRR ER & i 11. 16% o X T 5k Z|
GRERPE L FE 1 o/ LA 2 o f vk BE X SR I A
T 150 ~1 500 mg/L f§fREAET 7R 9% (o
1 500 mg/L }1E % BG-11 £ 3% 3L FF 45 1 s 1R 4
FUE L) o A5 R, AN [R] BT Wk B 0% S R
Xk 2 Zx g e ) AR K g N BT FH HARZ
AR U7 B2, B ArA 2 G B IR 8  (P <
0.05) . 3R, ArA Wi m & & I 7E
TR MLMHT, B8 T RIEHRS &1

30. 36% o3 55 4 HE 4 E HH FR 1 DU B AR B ( DHA
TEBREARMT T B & BRI

x1 BRREZFGTASEX2 MAUENEK
RERSAOMERRS SN
Tab.1 Effects of nitrogen content on growth
and target polyunsaturated fatty acid (PUFA) contents

of two microalgae under heterotrophic condition

el
BERH ) S e e &
mass Biomass/
Algae . Target PUFA
concentration/ (g/L)
content/ %

(mg/L)
0 0.68 £0.02¢ 6.36 +0.08°
s 75 1.33£0.09°  8.35x0.35"
Isochrysts 150 1.44 £0.05" 10.74 +0.12°
sp. 300 1.52+0.03* 11.16 +0.19*
600 1.49 +0.06™ 11.12+0.11°
0 0.42+£0.02° 30.36 0. 14"
% 5 150 1.08 £0.02" 27.31£0.18"
Myrmecia 300 1.11 £0.04™ 22.58 +0.21°
incisa 750 1.14£0.05*  21.34 £0.11¢
1500 1.13 £0.02*”  20.33 +0.08°

1 RSV AR NG FRFRREF A RE (P >0.05) , 4~
/NS FRERIR 225 R (P <0.05) ; 2. SFHEG TR HARZ A
HIFARITIR A = Z BN IR , SR % G sl h i) H AR Z A A iR
JUT R R AE A= PUARIR

Notes: 1. The same lowercase letters in the same column of data
indicate that the difference is not significant (P > 0. 05), and
different lowercase letters indicate that the difference is significant
(P <0.05); 2. Target PUFAs in Isochrysis sp. and Myrmecia incisa
are DHA and ArA, respectively.
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(SR VNI B

31 &

2.2 FEWEEMRAGEENRFTRR
TEWIHR T 45 B <5 88 R ik 221 5% 2 BE RE A8 57
Ja B2 X HA TR R R AT IR 5T, RIVFE 57 97 1
JEfh BRI T 120 wmol/ (m® - ) IR 45
LR, 2 FRRCR I A R IR T R E IR A

2.4 0l

2.0 8 3g/L
2 16 +5g/L
g2 =10 g/L
Ko L.2
g o
2

0. 4

0

0 2 4 6 8 10 12

ffa] Time/d
(a)

12 d W3R RIASS s , S5 M4 e ) AR ik )
2.13 /L, B R &R 1.57 £5(P<0.05)
[ 2(a) ] ;TEkZI 2 B0 R Y ik 5 1.70 o/
L, FR 7 4 R 1 7 50.44% (P <0.05) [ & 2
(b1,

1.8 o 0gL
1.5 2 0.5g/L
% L2 - 1.0 g/L
LENg < 1.5g/L
ﬁ% 0.9 ©2.0g/L
% 0.6
/|m
0.3
0

0 2 4 6 8 10 12
i 1E] Time/d
(b)

B2 RAFBTEFESE(a) MRAEKZEZ (D) NEME

Fig.2 Biomass of Isochrysis sp. (a) and Myrmecia incisa (b) under mixotrophic condition

TEMCIER b ok — PRI PR =
Xt 2 Pl AR SRR R R, e 2 Jr
7 AR T, 300 mg/ L) il R 5 e VR
X HAE R R AR, s A

R2 FERFZFHBTESEX 2 TR

£ KEBERSABMEH®B S =M
Tab.2 Effects of nitrogen content on growth
and target polyunsaturated fatty acid ( PUFA)

contents of two microalgae under mixotrophic condition

Tl R o i ok 3

Nl HbrZ A A

SR Sodlunr:;:;ltrale I/;I]:Ofl:?il/ W i 2 2
Algae . Target PUFA

concentration/ (g/L)
(mg/1L) content/ %

0 1.35+0.04°  9.32£0.81"

U 4 75 2.13 £0.06"  14.93 £0.04°
Isochrysis 150 2.27 +0.03° 15.77 £0.12"
sp- 300 2.51£0.04* 16.45 £0.11°
600 2.38+0.03" 16.38 +0.11%

0 1.55+0. 119 34,32 +0.13"

B4 5 150 1.62 £0.04° 28.93 +0.85"
Myrmecia 300 1.65+0.03" 23.91 +1.27°
incisa 750 1.69 £0.02%" 22.45 +0.42¢
1500 1.70 £0.03*  20.38 £0.34°

TE 1 RSV RN E TR 2R A R (P>0.05) A
/NG RFROR 2R R (P <0.05); 2. FHGREP R HIRZ
AR A~ RN IR R, B2 SR Y B AR 2 AN
JE TR AEAE PO R o

Notes: 1. The same lowercase letters in the same column of data
indicate that the difference is not significant ( P > 0. 05), and
different lowercase letters indicate that the difference is significant
(P<0.05); 2. Target PUFAs in Isochrysis sp. and Myrmecia incisa
are DHA and ArA, respectively.
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352,51 g/L, SaFEm A& 500 5L,
WERE T 65.13% (P <0.05) , ¥4y
DHA,7£ 300 mg/L (fSIR AN BT s ik FE N s3] T
16.45% (TFA) , [b 5 F2 B B &3 T 47. 40%
(P<0.05), XTHRZIZ5%5, 70 1 500 mg/
L s R EN By, e = e fem o 1,70 g/L,
HFEFER AT RS FEMEIL, BFREGT
50.44% (P <0.05) . &F ArA (&8 7E5E B
R T ik 34.32% (TFA) , L FR 3G 1
13.04% (P <0.05) . [ifi 5 i B2 4 Jog o Wk B2 1)
1R ERZN GG HE ) ArA B S B BRI
2.3 FIAFFRGGEX M RHFITEFREL
SRR MR T 2 P Re e A
SR R Z AW AE PR (B DHA F1 ArA) .
X T AR, Ol TR E SR RN S /L ik
B 300 mg/L fiEERAEN ; X TR 2 S 4R B, i EL Y
BIRAM N1 o/ L%, ARG I XTIk
RBE & B Z AR IR 1Y 2 Fhidese , #F—
AARGE T H O s R AT AT M. X T
RZK= 30, B T IR W 4 A 25 S 35 5 i) Ho A7
R ERK G POV EE & B AR . 0T
AT 2 Bl B AR Z AR P RR M =, DHA
MIER AR , P RE 23400 5 1 1 &) #0010 1 28 RO AR 58
R M ArA WIXEK ™ Sl 4 U4 (0 ol i L e e
SSHUEI R RIS BT BN K 2 Rl
P 2 3 T 6T b e TG A AR AT SR R A
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PR R TR R B I E 3R, W
VEZR =S4y e (4 T R s (HR 7E HTE 5 4l A
PN, DAL 1R B 6 AR BRI B 22 AN M AT 17 R
o e F) 25 R A G P A AR TR v

H B4 A DHA 5 ArA™® S ARBFSE 50 B S5 4 4
S I e 20 5 53 WL 1 L, 0 R 20 e o 5 WA ]
BYI KL 7EBEME M 6.12.24 h 5, 1 HUik
4 DHA 5 ArA &Rk 3 FiR .

®3 ZR2HMHEREMEIANFAFEONRENNBERS AAMERRSETL
Tab.3 Content changes of the target PUFA in the body of Artemia sp.

after feeding with two mixotrophic microalgae respectively %
gﬁ A %ﬁrp 3 S 3
B < e R B2 2% S Ak

B e SRR i iaias AR

. X HEZH S 4 Myrmecia rtemia sp. rtemia sp. fe
HEL Control Isochrysis sp. } ; fed by Isochrysis sp. by Myrmecia incisa

i incisa
PUFA 6 h 12 h 24 h 6 h 12 h 24 h
DHA - 16.45 £0.11* - 7.55+0.12° 8.06 £0.16" 8.18 £0. 16" - - -
ArA  0.38 £0.07° - 34.32 +0. 13" - - - 3.45+0.11" 4.08 +0.04" 3.83 +0.08°

T AT R b AR NS P RFORZRARE (P>0.05) , AN FRFRZERRE (P<0.05),

Notes: The same lowercase letters in the same line of data indicate that the difference is not significant (P >0.05) , and different lowercase letters

indicate that the difference is significant (P <0.05).

B 3 AT, R HEAT 8 SRR AL, pa AR N
ANEA DHA, RT3 0 81 ArA FE 5 A5
AP 6 h 5 I BRI DHA SUE £ 77.55% , H
B HUAR P DHA 5 i Bl 25 5 Ak A (i) 7 228 4 1 34
I, Fe e pd BRI DHA & & 0 3K % 8.
18% , %4 i rh DHA &3t 49. 73% B4 B X
AR, KR$E S T 5 A DHA & 4 (P <O0.
05) o I I it 2 25 & e it Ak b U, I 2 0 1
b BRI ArA &5 (P <0.05) ,7E 448 6 h 53
fb)a  ArA S 0.38% & 3.45% ,12 h 5%
fBJE, ArA S gk — 2PNz 4. 08% , thR s Ak
BFE N T 9. 74 1% (HR AL 12 ~ 24 h B, ArA 5 it
WEA R, X —45 LRI, 2 FigEEn BisZ A
TR TR Y R 08 38 i R B =X, A /L i3 JF
B ARTE P HUAR P iR BE SRR AL AR

3 g

3.1 EHSRESRANGFERFNAITED
THEE RS R A DL 0 I P2 2 X B e 8
o SFIRET THEEHOR A HLAR AR A A 4K Y g 1 Fl
il , AN G R BR ] o A BIF 9 LA 2 WEAE
A HUBRIE , X454 45 8 5 R 2 Sk e ik T T
Ao TR O T X 2 AP il iy S5 5 4 E
A7 B ot T 25 4 4 3, BASRI 267 BiF 55 A 1L
maritima §E8 ) F ) %5 08 5 5% , S5 R 40 i 235 32
JEE IR 4.6 A%, 76 5 95 H A [8) 20 i A K B
B,k EYE RS TOLA K M
ALKHAMIS 2" w53 | 3280, 1. galbana 1€ 553

FAF T AKHRZ 2 8509 Mmi . I, S
B FRRE ) ] REAFTE ) R R S, AR
ZERFW 1. galbana UTEXLB2307 GEWSHEIT R T5
Bige, Bl A A TR W O S g/ X TR A
GRERWE,IC5 R 1 R IR GE , HART A=
PR AE 15 RIEEFRE, BHEKEA0.6
g/LMY L FEABIGE 12 d BRI IR IS A )
FE T 1,03 g/L, HhJgSe TABABA 2541 5H 1%k
PEHEIN T 71.67% , 3% vl B i T LR P 7 I
JR P s (1) TABABA SERIFSE A Y Y 2 e R A1 (65
v/ min § 3 ) YRR RORAE ShIRsE , IR 8 25 T B0
BEERBE, A RN, AR AR AR
R IS 18 2 A AR ) B o e o i R B, K
KA T AT AU, AN 5 B8 (2) AR WF5E
W SFIR R IR ALY pH, DR S SR R A08E R ]
AHLBRAHE B CO, , FEIEFREE Y pH FEAIT,
FrLh A pH B A F T SR K. 5
bR 2 P GHE | 21 A W T A v SR ok v i (S
4 ) A W B MR B KT S /L, R S 2
B AR TR E R T 1 /L) R R K1Y
23 B PR . 3K P BB AR R T A W o v B
1o, A (] A 3ok L] 2 W Pl s 2K ATP i T
FOAR By BT 5 1 RE B, DA G 12 44 22 A1 4 e vy A
gl

bR T ik Z A1, B o A K i S B IR I
T MR Ao O A KA A AR, —
JBT = R TR A S R M R A,
NIGAM %5 if 53 % B, 4 (% /N BR B 14 A )
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bl R FE ) T s B, B R AR T A R
HAER o AHJR A 340 S 5t ) AR 251
TAEK, I ARUMUGAM %5 5% 32 AR A 5 855
TAEHEM R A, m A A AR K FIEE, I8
A TR T A R R i 7 v A SR B e AN
FHURE, A A IR P T F WA [R] 4 & xS 3
WP K Y E A K R LT R A R
BREUER 2 fF 55 % BV DU 08 70 ik 00 9 4%
PETF A= 2R 5 R 70 2 B AL, X T 45
G, IR /2 BEFRSE R RS IR B 0T R TR 2 75
mg/L, FER SR G R R SRR . (A I, A
FE R A R M A B B R TP R A L
PR LA G A BORARRETE — 5 = K, 3G
[14k 118 8, ( NADPH Fil ATP) | fi£ #E 5% [R] 4k, bk
TR AR X T2 a8, /A
AR P A Y s i FE AN B B X — 25 R S
ZHITER R S i i i E — 3, A] g R ) Sk
H 3R RS T e A A e

AT A i, S L P B T R 1) 5 T A
2BV R RN, iR C/N AE e
R R T e PR AL 1 AT, 1 B KAk & 9 5 e
T AR A B T T3 B, DT 8. 3 5 W) R 3 9
YIRS RN MR . HAT, #F 3
Tl N T AR 7R 2 R A g T R, 4. WEN
AL IS 8 5 95 48 7 EPA LING 255 3%
R R 24 N R = R 7= DHA IR A 384 e
ZHF R I FH T R R R ML A A= 7™ 22 AN 1 RN g
IR, an3& [E 1) DSM 78 3577 i 28 vl i 1 57 57 & e b
FrBRH M 3RS & % 40-50% DHA ()3, FAE
LB T Wk AR, PR ER T 2 R s Y
YA AR AR T B bR 2 AN AR 5
FRTEAF A S i TR RGO, X 55 0 4 %
Heidi, WS BI85 5 3 h A B i 25 52 DHA 1y
B AR T AR ARG 77, 8 AN T A
FIF DHA 9 fU R, il , X T R 25055 4
W, H DHA & i 5 0 06 A & i 2 OE A
ZARRINMEHR %8 BF 57 % BULE 76 1 10 06 1 4%
R e EEh Z NIRRT R & LA R =
BFHEM T 5 A5 IRESAME T DHA & 858K, v
JE PRUA G 5 B v ) B AR PRI FE , T sk S0 sE OB
Jig R Ok 1) DHA (T AN R 4 a0 A 4 g
o, R 32 31 B-48 Ak I i 2 B BRI AR . A
XTS5 4 P, B 2 S DT Y R TE B R 5%

http: //www. shhydxxb. com

PEFEAFT ArA [(BUR, KRIPIRE " b
UEW, FEBR 20 G 2 e, SR BRI 00 B 2
AR ArA, 5 55 HEG A ], ik 2 2 4k 5
ArA FRRRAE P PEAR M AE PR B R, b
IR RN FE , B2 KA & W AR
S 1) i REASCR B A R PR (RO Hr i =
M) Hh X A ArA (i T
3.2 EWEEERAGEERFFHENSNT
Xt RERS SR IR AP I 5, AR il fEJe—Fh
FEA SR . KRB R, 5 7%
HHLE, AT HA T w09 A K E R A A 1 o
AWFTER AR MR, 2 BRI e MR R A T
AR B A R X ] e i T AR
I PEAE T OC R Bl , — 07 DG A VR ™ AR 1Y
ATP BB sk A 2 4 ) S A A, 75— 7 1 7 2
B A AL BE RS CO, mT LA gl 8 T T O & AR
FAY R AEHESRIRET P, 6 A 1 A 0 2
AL R HE A D AR A RE A% AT A0 32 B 19
AR . U X T B JR SRR SRR AL
ol [ ik A I JC AL B A BIL B £ 35 2R 180 2 A
CO, , i f3 IR A iy pH AEFE— DO FRE 1Y
TKF- X I A A BT A, T B o A ) D

= 17]
O

R T AW Ak MR AR T R R DHA K
ArA TR E R TR IR, iR AEATR i e
Hh TR B AR SR R 2 [ i — A A B e AR A
JHE i, A ) 20 1 N 5 R 3, 2 5 0 T i
A =BRGP IG A R 5, 1 L6 58 1) TCA {5 1
XL AR 0T R AN SO S AT i 4 o S A 3, L
TECHRMVE HIR , e M ™ A2 0, (A 107
PR 2 A R RE A2 B 4y st R HE A T, AN 3 v 2 A
TR R o
3.3 DHA 70 ArA BfE R K BIEENST

XHFAIR)E B & DHA B ArA 1) 2 FRACHE,
AR FEE — 2 2 i R o L, AR A5 7
SEACRLR R R FAT, AT 2 Fh Gl i T
B HLURE SRR A , HE UV A R AR AL PR L
O Ji B A BRE M e S % F ez
GRERBEIN w , BUR EORIRKE, (ERVEE Al LgEE
AR A AR AT R, BOR R K
INEREERERSAT BT B TR R AL b L

TEREMR T A5 #4855 SR A SR 2k B i, 7 i
PRI 2 T 5 19 DHA 5 ArA, FI IS5



6 ] XYGERE , 25 - GO 57 97/ HR A 2 AL AR R A L% 1] 14 1L e i

1379

B 4 P Ak 5 HU o 25 58 1 18] f) ZE K, DHA
SRS L TE, R BT B, 3 AT RE S T S
SWIENE TRNY MRS BRITALIEE
(I, A B TR B 14 22 A4 B 0 R A
AR . XTI GEE  RE A
SR AR AvA A R 1 45 5 i LA
Ao T RER T B2 5 45 9 A A AN M B T
i Sk 2 LR 1%, R 7 5 B H ) T Bk 20 4 S B Y
AL T 55008, ArA (IR AR R B i
ZROREAL WA P HUTE 12 ~24 b, ArA 3 RS A
TR, ATREE 1 T A B S BUR TS R KA
oo (EAEASVE R MR, N T PR ok U1, BAR
ArA ST HIRR IR, (B R IE A, OF
WEFE W AR A R AcA W] DL IR B 4
LR KR T4 ArA 75 S T 240 o HL A K
PRI, I 5 220 0 45 B 0 AT 7 R A BT 3R A5 1Y
i HUAT RE S T4l B A DL AR R
x B RN, ARS8 Je W T 45 4 3 A ok
NG5 BAT IR IRE ST, RS A 2R A A B A
RIEVE AU IR EAT A 1. TR IR RE 1, FR3%
Bi R ot — AR T R A R DL K B AR 2
ARSI R B & i X T BT 3153105 & DHA
5 ArA {2 R, GIE S T AR A% G B Y Oy
2, R0H 2 A AN 107 R 15 13 44 v Hy, I T A
SAAE g SR AR AL T K R AS RS 1 R
Sy 5 B 4 Y e 28 5 2 ) WS VR AL A T R T
PSR AT AT AR SR

Sk

[1] GOUVEIA L, OLIVEIRA A C. Microalgae as a raw material
for hiofuels production[ J]. Journal of Industrial Microbiology
and Biotechnology, 2009, 36(2) : 269-274.

[2] WENZY, CHEN F. Optimization of nitrogen sources for
heterotrophic production of eicosapentaenoic acid by the
diatom  Nitzschia laevis [ ] ]. and  Microbial

Technology, 2001, 29(6/7) . 341-347.
[3] MOHAN S V, ROHIT M V, CHIRANJEEVI P, et al.

Enzyme

Heterotrophic microalgae cultivation to synergize biodiesel
production with waste remediation: progress and perspectives
[J]. Bioresource Technology, 2015, 184 169-178.

[4] DANESH A, ZILOUEI H, FARHADIAN O. The effect of
glycerol and carbonate on the growth and lipid production of
Isochrysis galbana under different cultivation modes [ J ].
Journal of Applied Phycology, 2019, 31(6) ; 3411-3420.

[5] LUX, LIUB, HE Y J, et al. Novel insights into mixotrophic

cultivation of Nitzschia laevis for co-production of fucoxanthin

(7]

[11]

[12]

[13]

[14]

[15]

and eicosapentaenoic acid [ J ]. Bioresource Technology,
2019, 294, 122145.

LING X P, GUO J, LIU X T, et al. Impact of carbon and
nitrogen feeding strategy on high production of biomass and
docosahexaenoic acid ( DHA) by Schizochytrium sp. LU310
[J]. Bioresource Technology, 2015, 184 139-147.

LIY L, SUNH, WUT, etal. Storage carbon metabolism of
Isochrysis zhangjiangensis under different light intensities and
co-production of fucoxanthin and

Bioresource Technology, 2019, 282

its application for
stearidonic acid [ J ].
94-102.

B, TOKAE, BRFABERY, 4. RIS SRy fi sk 2]
GREFWRAL L DU TR & i M AY L [T, K7 2R,
2011, 35(5): 763-773.

TONG M, YU S Y, OUYANG L L, et al. Comparison of
increased arachidonic acid content in Myrmecia incisa
cultured during the course of nitrogen or phosphorus
starvation[ J]. Journal of Fisheries of China, 2011, 35(5) :
763-773.

BASRI E M, MAZNAH W O W. Differential growth and
biochemical composition of photoautotrophic and heterotrophic
Isochrysis maritima ; evaluation for use as aquaculture feed
[J]. Journal of Applied Phycology, 2017, 29(3). 1159-
1170.

ALKHAMIS Y, QIN J G. Cultivation of Isochrysis galbana in
phototrophic, heterotrophic, and mixotrophic conditions[ J].
BioMed Research International, 2013, 2013 . 983465.
TABABA H G, HIRABAYASHI S, INUBUSHI K. Growth of
Parietochloris incisa in various organic carbon substrates[ ] ].
HortResearch, 2012, 66 25-35.

COHEN Z, REUNGJITCHACHAWALI M, SIANGDUNG W,
et al. Production and partial purification of vy-linolenic acid
and some pigments from Spirulina platensis[ J]. Journal of
Applied Phycology, 1993, 5(1): 109-115.

BARUAH K, RANJAN J, SORGELOOS P, et al. Priming
the prophenoloxidase system of Artemia franciscana by heat
shock proteins protects against Vibrio campbellii challenge
[J]. Fish & Shellfish Tmmunology, 2011, 31 (1) 134-
141.

CHAKRABORTY R D, CHAKRABORTY K, RADHAKRISHNAN
E V. Variation in fatty acid composition of Artemia salina
nauplii enriched with microalgae and bakers yeast for use in
larviculture[ J]. Journal of Agricultural and food Chemistry,
2007, 55(10) ; 40434051.

I, BERERl, FarRs, . Gl g A e ah xd
A R TR AL RS R [T ], I R 22430,
2020, 29(4) : 559-567.

CONG J J, YUT C, YU L Z, et al. Effects of dietary
replacement of fish oil by vegetable oil on fatty acid
composition of Chinese mitten crab ( Eriocheir sinensis) [ J].
Journal of Shanghai Ocean University, 2020, 29 (4): 559-
567.

http: //www. shhydxxb. com



1380 (S R Ty N S S 1 31 %
[16] BKERHEE, MR, IKM, 25 OE TR it KA of Isochrysis[ J]. Marine Drugs, 2017, 15(11) ; 357.

[18]

[19]

[21]

[22]

[24]

[25]

[27]

http:

BIRMRE[T]. P ELOE R, 2018, 23(8)
77-84.

ZHANG Y Q, CHEN A H, ZHANG Y, et al. Effects of
microalgae on the growth and nutrient enrichment of cultured
Artemial J]. Journal of China Agricultural University, 2018,
23(8) . 77-84.

KIM S, PARK J E, CHO Y B, et al. Growth rate, organic
carbon and nutrient removal rates of Chlorella sorokiniana in
autotrophic, heterotrophic and mixotrophic conditions [ J].
Bioresource Technology, 2013, 144, 8-13.

OGAWA T, AIBA S. Bioenergetic analysis of mixotrophic
growth in Chlorella vulgaris and Scenedesmus acutus [ J].
Biotechnology and Bioengineering, 1981, 23 (5). 1121-
1132.

NIGAM S, RAI M P, SHARMA R. Effect of nitrogen on
growth and lipid content of Chlorella pyrenoidosa [ ] ].
American Journal of Biochemistry and Biotechnology, 2011,
7(3): 124-129.

ARUMUGAM M, AGARWAL A, ARYA M C, et al. Influence
of nitrogen sources on biomass productivity of microalgae
Scenedesmus bijugatus [ J]. Bioresource Technology, 2013,
131 246-249.

AR SRR IR R A RSB A R IR SRR R
[D]. dext: JentfbIRke:, 2004.

SHI Y J. The nutrient availability, growth and related

characteristics of red tide algae [ D ]. Beijing: Beijing
University of Chemical Technology, 2004.

BREUER G, LAMERS P P, MARTENS D E, et al. The
impact of nitrogen starvation on the dynamics of triacylglycerol
accumulation in nine microalgae strains [ J]. Bioresource
Technology, 2012, 124 217-226.

BAILLEUL B, BERNE N, MURIK O, et al. Energetic
coupling between plastids and mitochondria drives CO,
assimilation in diatoms [ J ]. Nature, 2015, 524 (7565) :
366-369.

BAEMN. 2] 2 8 ( Parietchloris incisa ) Flk 2] SOV 3
(Myrmecia incisa) HEACFIAEA: PUIG IR AR RFFIEDIFE[ D]
JUIN s R RA:, 2010.

LUO M L. The characteristics of growth and arachidonic acid
production in the microalgae Parietchloris incisa and Myrmecia
incisa[ D]. Guangzhou: Jinan University, 2010.

WEN Z Y, CHEN F. A perfusion - cell bleeding culture
strategy for enhancing the productivity of eicosapentaenoic
acid by Nitzschia laevis [ ] ].
Biotechnology, 2001, 57(3) . 316-322.

RADIANINGTYAS H, BURJA A M, BARROW ] C. 0Oil

Applied Microbiology and

producing microbes and method of modification thereof: US,
9023616[ P]. 2015-05-05.

SUN Z, CHEN Y, MAO X M, et al. Physiological and
reveal  differential  patterns  of

biochemical  changes

docosahexaenoic acid partitioning in two marine algal strains

//www. shhydxxb. com

(28]

[29]

[30]

[32]

[33]

[34]

ZARRINMEHR M J, FARHADIAN O, HEYRATI F P, et
al. Effect of nitrogen concentration on the growth rate and
biochemical composition of the microalga, Isochrysis galbana
[J]. The Egyptian Journal of Aquatic Research, 2020, 46
(2): 153-158.

ZHANG C W, COHEN Z, KHOZIN-GOLDBERG I, et al.
Characterization of growth and arachidonic acid production of
( Trebouxiophyceae ,
Journal of Applied Phycology, 2002, 14

Parietochloris  incisa  comb.  nov
Chlorophyta) [ J ].
(6) : 453460.
BT, BWr, K58, . A OCHXT BRI G aE S
WAENEIRAMORMERNEmI]. B&5 k8L,
2013, 39(8) : 53-58.

ZHAT'Y X, LENG Y, YI Y, et al

starvation and light intensity on total fatty acids, arachidonic

Effects of nitrogen

acid and pigment in the green microalga Parietochloris incise
[J]. Food and Fermentation Industries, 2013, 39(8) : 53-
58.

WRBHBEFS , e, JAENI. BREGEae A bE S5
PN BCH NG 9 R 20 B S IU R 8K B2 B o it v 19
L[ T]. Wk, 2016, 38(6) : 653-662.
OUYANG L L, LI X L, ZHOU Z G.

photosynthetic membrane lipids and triacylglycerol and their

Alternations of

fatty acids in Myrmecia incisa grown in a shift from nitrogen
starvation to replenishment[ J]. Marine Fisheries, 2016, 38
(6): 653-662.

MOHAMMAD MIRZAIE M A, KALBASI M, MOUSAVI S
M, et al. Investigation of mixotrophic, heterotrophic, and
autotrophic growth of Chlorella wvulgaris under agricultural
R
Biotechnology, 2016, 46(2) . 150-156.

25, EfbkE, Bk AR C/N X aRaR AL K A 40 i
AR [J]. BRI E, 2020, 29(4) ; 542-
551.

JI P, WANG W L, HUANG X X. Effects of different C/N

waste  medium Preparative  Biochemistry &

ratios on growth and cell biochemical components of
Chlorococcum sp. [ J]. Journal of Shanghai Ocean University,
2020, 29(4) : 542-551.

ZUNIGA C, LI C T, HUELSMAN T, et al. Genome-scale
metabolic model for the green alga Chlorella vulgaris UTEX
395 accurately predicts phenotypes under autotrophic,
heterotrophic, and mixotrophic growth conditions[ J]. Plant
Physiology, 2016, 172(1) : 589-602.

WSl 95 L i, 2B OK S TS . PR RO B R = A
WUEEAE I 7 BRPERE WSR2 B E MR TR A [T].
JKFE2ER 2021 ,45(6) :899-909.

CHEN Q, JIANG X M, PENG R P, et al. Effects of four
microalgae diets on growth, nutritional composition, pearl
producing function, shell nacre color and trace element

content of Hyriopsis cumingii [ J ]. Journal of Fisheries of

China, 2021,45(6) :899-909.



6 ] XYGERE , 25 - GO 57 97/ HR A 2 AL AR R A L% 1] 14 1L e i 1381

[36] CHEBAN L, KHUDYI O, PRUSINSKA M, et al. Survival, and brine shrimp in nutrient value [ J]. Hebei Fisheries,
proximate composition, and proteolytic activity of Artemia 2007 (12) . 4547.
salina bioencapsulated with different algal monocultures[ J]. [38] HAREL M, LUND E, GAVASSO S, et al. Modulation of
Fisheries & Aquatic Life, 2020, 28(4) ; 205-215. arachidonate and docosahexaenoate in Morone chrysops larval
[37] HW5%E, &3, T, & ol 5 hEERmEssy tissues and the effect on growth and survival [ J]. Lipids,
W[ T]. rdeiolk, 2007 (12) . 4547. 2000, 35(11) : 1269-1280.

TIAN B J, LINY W, DING X, et al. A comparison of rotifer

Heterotrophic and mixotrophic cultivation of microalgae for PUFA
production and delivery to Artemia sp.

LIU Xiaolu'??, SUN Zheng'***, ZHOU Zhigang' "

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. International Research Center for Marine Biosciences, Ministry of Science and
Technology, Shanghai Ocean University, Shanghai 201306, China; 3. National Demonstration Center for Experimental
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Abstract; Microalgae Isochrysis sp. and Myrmecia incisa have high nutritional value, which are rich in
docosahexaenoic acid ( DHA ) and arachidonic acid ( ArA ) respectively. In the present study, the
heterotrophic/ mixotrophic strategies of these two microalgae were investigated. Results showed that when
using glucose as the organic carbon source, both Isochrysis sp. and M. incisa were able to be heterotrophic,
quickly accumulating biomass under complete darkness. The optimal glucose mass concentrations for Isochrysis
sp. and M. incisa were 5 and 1 g/L, respectively. The effects of nitrogen mass in heterotrophic culture were
also evaluated. For Isochrysis sp. , 300 mg/L of sodium nitrate was the optimal for biomass production as well
as for the intracellular accumulation of DHA. For M. incisa, nitrogen mass concentration had minor effect on
its growth, but the impact on ArA production was profound, in which the deficiency of nitrogen induced the
highest content of ArA. After demonstrating the heterotrophic properties of two algae and the optimal carbon
and nitrogen supply level for them, the mixotrophic cultivation was further conducted, which led to
significantly increased biomass and target polyunsaturated fatty acids. Finally, the algae obtained from
mixotrophic condition were used to feed the Artemia sp.. Results showed that both DHA and ArA can be
delivered from the microalgae to the Artemia sp. , suggesting the potential as nutrient-enhanced live feed for
aquaculture. Findings of the present study provided useful information for the exploitation and utilization of
microalgal resources.

Key words: Isochrysis sp. ; Myrmecia incisa; docosahexaenoic acid; arachidonic acid; Artemia sp.
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