T —1»

& @i E I HATYER B

BEEFRA T SMAE VI B/ ERERAE K R 4 R H BRI
M5, BB
Effects of three organic substances on the growth and cell composition of Chlorella

pyrenoidosa under mixotrophic mode
MU Liangliang, HUANG Xuxiong

TELR ]I View online: https:/doi.org/10.12024/js0u.20220303758

BT RO B AN SR

Articles you may be interested in

SRR R AN FE A/ R A K BT SR A PR A2 ]
Effects of sodium selenite on growth and antioxidant enzyme activity of green alga Chlorella pyrenoidosa

IR R AR 2E . 2020, 35(6): 838 https://doi.org/10.16535/j.cnki.dlhyxh.2019-279

BRI R S B IO BE A R PERE . IR . SR D BEANTIN T YR
Effects of Dietary Yeast Culture Supplementation on Growth, Intestinal Morphology, Immunity, and Disease Resistance in

Epinephelus fuscoguttatus @ x Epinephelus lanceolatu &
IR R AR 2021, 41(3): 1 https:/doi.org/10.3969/j.issn.1673-9159.2021.03.001

=PRI T R MR A P R ) 5 )
Effect of Baits on the Growth of Turbinaria peltata
R R AR 2. 2021, 41(3): 44 https://doi.org/10.3969/].issn.1673-9159.2021.03.006

BTSN TT 2K A E 1) SRk R G0 R AR IR
Effect of carbohydrates addition methods on start—up efficiency of seawater biofloc technology system

| HRIEPE R 2R, 2019, 28(2): 257 hitps://doi.org/10.12024/)s0u.20180202222

TS SR AR 7 Z AN R 7 R LA K ) p s 8
Heterotrophic and mixotrophic cultivation of microalgae for PUFA production and delivery to Artemia sp.

R R 2E R 2022, 31(6): 1373 https://doi.org/10.12024/js0u.20210503451


http://www.aquaticjournal.com/article/doi/10.12024/jsou.20220303758
http://www.aquaticjournal.com/article/doi/10.16535/j.cnki.dlhyxb.2019-279
http://www.aquaticjournal.com/article/doi/10.3969/j.issn.1673-9159.2021.03.001
http://www.aquaticjournal.com/article/doi/10.3969/j.issn.1673-9159.2021.03.006
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20180202222
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20210503451

) o “‘ AYY AYY
o532 B4 2 LWl HEKREFER Vol.32, No.2
2023 4 3 A JOURNAL OF SHANGHAI OCEAN UNIVERSITY Mar. , 2023

MEHRS: 1674-5566(2023)02-0318-11 DOI;10. 12024/jsou. 20220303758

BAEFREKEAT I MEVY I E B %/ BRGE & K A 40 Ao 28 B 89 52 1

Brx, #ug

(1. _EVRREER: ORS00 8 R SR A S0 b, BiE 2013065 2. B¥IRETERE LT K= 3758 TR
ARAFFEH L, B 2013065 3. LIFIEEFE RS KR4 B R YRR TE L, B 201306)

W OE: LU—MHoSniEBaZ/NeRE SHOU-1002 ( Chlorella pyrenoidosa SHOU-1002 ) i 564}, 43 7]k B
BMATHE A E RPN AEE R LY 3 IR G EFRAADGE A TR d, IWEARFE F iU S B /N IR
A K AL 25 5 o A RARW] ARG E IR 8 DR A B IR 2 R T E A R4, 2
TG 6 d PYART %G R4 1 e 20 M 88 B 0 2 v T SR M AL AN B B B 25 5 10 SRR, 3 /MR 78 SR 4L B 40 i
T2 . B 12 R, A A RNAFI B R MMM a K E PR EOMERS 7D
o TAEIREAL, Bk A A 2 RN B (S TR A A o B 3R A R A S AR A B L R H R AR DT IR (SFAs)
AW R Z A AR IR (PUFAs ) & S A BTIRAR , 75 2 TR N AR R 1 W 2 9 PUFAs 5 45 U SEREAIG
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JTH 5 04 20 R A VS AT A A T B SR B B AN B B S S RN A
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THT =kt s B oK G Y & & BRIR T
BRAFHEAHE PUFAs 37k, BONELMESE ™ JULHK H A
BETWR , LARHBRSM A A6 ] 025 4 s Tl R R 1Y
PUFAs b, 5 84 DURIATHE o o5 I8 85 55
Hil 2k #e B ( Microcystis aeruginosa ) , 3 5 A 75
HEE R Na,CO, B SR ak i it 1
93.60% , SR, LR B EFRAMT AR EA
PUIRETE 2 KA FE B 52w fese i ARG 42 0 L
A FCA L SR 2 AT A Rt — PRI o

AW — R BA R G EREEN WE A
/NERE SHOU-1002 kL, LA B FR iy xt
W IR 3 MR A HL (R 4 0 A3 IR 5N 8%
BER W) XA B SRR 8 AN ERBE R AR
KAERE B A AL E 5 A 52 e, Ok 5 B — AR
FEIZMREE A%/ NEREE AR R

1 Me5I5k

1.1 giEs
SLUR AR > B b AR FROR MR A 3 T 0K
AKEE DA T LI IRTE 23R =, 2B B

ITS FRA LLXS , %0 2 A%/ N ER S, i 44
#% /N Bk . SHOU-1002 ( C.  pyrenoidosa SHOU-
1002) , FLBHE 4 DA R D) 1 G AR
M3 MNMEAEFRA, %D H(EERR Y)Y C.
N.P ik (C.464. 73 mg/L, N.:123.04 mg/
L, P:18.30 mg/L)#5 A 20 B 411 C HArh 454
By &, NOJE A PO g o0 % A NH,CL A
NaH, PO, , [lit4% £/2 Bl 5 i) 45 41 #h Fe i e
R, BH 3 AT B CE RIS 121
Cm i K 20 min 5 A Tl 5, B R & O
(4025 xg, 3 min, 4 C) % B, TCRKIGEEM
B B N E 2.5 L U SRR 3 L
AR, ARE TR 5 B 7 TSI 0 2 1) B b 4
JE , BEAE R 300 x 10 cells/mL , 20 5 S0 % 1y
296 x 10* cells/mL, 7£ I BT 3746 b 15 9%, 6 A
H124:0(L: D), iEE 28 °C, YEHR5EE 70 wmol/
(m® «s), FE RS, BRI R 3 UK, B K
AR T S 240 22 2 0 i D7 R A o, ik g itk AT 12
S5 12 RIBCHED T i 6 R VB B koK Ak &
YA RE W

®1 BEXWABFRASN

Tab.1 Components in the experimental culture medium

H 5] Groups

BEFEELF Culture substrate

A B C D
B REE Y Yeast extract/mg 0 0 0 3750
HiZ ki Glucose/mg 0 2 905 0 0
KRB Sodium glutamate/mg 0 0 3272.5 0
A ALEE NH, Cl/mg 1175 1175 143.6 0
AR S04 NaH, PO,/ mg 187.1 187.1 187.1 0
/2 T IC R AW Trace metal solution/mL 2.5 2.5 2.5 2.5
7k H,0/L 2.5 2.5 2.5 2.5

TEBERER TR C N P 4735 309. 82,82, 02,12. 20 mg/g {4

Notes: The C, N, P contents in yeast extract are 309. 82, 82.02 and 12.20 mg/g.

1.2 BEHEHY C.N.P SEMNE

C.N K H 1% = Elementar vario MAX CNS 4
IR E , B P R EHBR B/ 66 B
(GB 11893—1989) il =2+
1.3 ARKMERENE

B R I IBURE , B 2 PRI T 5 J SR A o 3K
TR I 00 5 34 2 8%, O 5 R X A R
e

u=(InN, -InN,)/t (1)

AN, B SRR IR AN R 5 N, Sy Zead o i
(] Je B IRV A BE AR N 1 5 ¢ D BRI ]

LU 40 mL 3R L WSS TEEE L/ 0. 45 wm

PRI RGN 8 , B T SO RA 105 CHE=E
IR AR E B
B=(W,-W,)/V (2)

AWy N BEE LY 0. 45 wm HhAL U8B 1 Ji
e W, NAEE S 0.45 wm L8 A I8
TORMBEIRAY R, g5 V oS R SRR, Lo
1.4 BX. 5. EZ8.2EMERRANE

SRFH S 60 BE v I s A i £ 3 i
R AR - B A 5 AR 10 R R AR A
W B AR R AU R (IRRR L
2 1) 0 R i

SR FH 492 G A 0 0 2 AR U AR A A o B
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—ERBER 4 C B0 (2 569 x g,3 min) FRAGHE
P8 (50 ~ 100 mg) , 4B de it A ik I e LR i
(1) 15 mL A7 88 50 0 T2 i, 0 2 mL B EE Al
(NaOMe, 0.5 mol/L) , B T# 7 I i B HL 7 80
CKIBIRST 20 min B AR E S, il 2 mL BEF3-
PR VAU, 11 T A T DL 80 C KRR
5] 20 min, BB EZRG, 1800 wl % B 7K
1200 wL IEC %, EIRIER 2] G, 1 644 x g B5.0 3
min KBRS A IRITER T EE R IEC e )2 4 0. 22
pm FF USSR I8 2 2 mL FEFER Y, T GC-MS
R AR R A . B0 WET 250 (97 e S
RO 3 25, BRGNS 2RO S A B AL T
#H1.9 mL/min; B4H4E FE 4 30. 0 mm x 0. 32
mm X 0. 25 pum (B FPRN 325 C), M5 N
Omegawax 320 ; #1:Ji >R FFE PP TR A 75 =X 2 46 i
JE 60 °C,LL50 °C/min B EHE 170 C, FH-LA
2.0 C/min P EFIRZE 230 C,{£4F 1 min,R)5
L1 1.0 °C/min f#EFEH E 240 C 4% 1 min, 53
Mrif [ 43} 46. 2 min, S HEN 30 mL/min,
23U 300 mL/ming FID 4G g E A 1013 32
260 °CHERER 2 WL, SR EH 10: 1, FE 3 60
kPa, #RAEIR G NG IT R S B — JIg 7 BR bm o i 1Y 43
e T35 0 D B R T) % o iR I 1R i A7 M. Al
PR TR — A0 2 MR TR A AH X 1 7385 o
1.5 HEszit

IRIEE R LI (E + ARifE 22 (Mean = SD) 3
No BUYEFR A IBM SPSS Statistics 26 ¥4 #E4T
K F 77 22 %7 ¥ ( One-way ANOVA) , 1 A Duncan
IR AT ZE L, P <0.05 R ERT#H,

2 4k

2.1 AEEFEARENUXIELZ/IBKE
SHOU-1002 442200
HEAZ/NBREE SHOU-1002 A= K RETE TR

HEFBXT BER TS AR (E D), #
FIGHT 6 d IRAEFRHAENE(B) 415 240 i % 2 ik
FETRA BRI (C) UFIR A S SRR
PR (D) 4 (P <0.05) , 860 10 d J5,B 41 .C
AU D A LR E R (P>
0.05), ARSI RS, C 41H D kK
B, WEEFHAB.CHMDH) W EYEL
FREAAFRA(A) KEFRE 12 X, B 41.C 41/
Dz A Y HIEEMZESR (P >0.05),/H
WEST AL4(P<0.05) , A A KK A4
SSPIERES T 245% 254% F1242% (3 2) .

[\
[=3
[=3
(=]

—a— A
—e— B
—a—C

1 600

—%—[)

1200

800

400

FAHMEEEE Cell density/ (X 10 cells/mL)

FF1E] Time/d

(7] — o 1) 5 A b AN TR b 3R 73 [ — I ) i 510 2 25 5 Wk
#(P<0.05),
Different letters on the same time node mean significant differences
among groups( P <0.05).

E1 FAEEFEARENYIEBZ/IIKE

SHOU-1002 4= i< i £ B % 1)
Fig.1 Growth curves of Chlorella pyrenoidosa
SHOU-1002 under different trophic modes

and treated with different organic substrates

*2 12 XARAEFEXRANYEBZ/NIKE SHOU-1002 £ K F RS0
Tab.2 Growth characteristics of Chlorella pyrenoidosa SHOU-1002 under different trophic modes

and treated with different organic substrates on the 12th day

5] Groups A B C D
AT K% Relative growth rate 0.054 +0.013" 0. 147 +0.005* 0. 149 +0.003* 0. 145 +0.003*
AWy T 5 Biomass/ (mg/LL) 0.165 +0.011" 0.856 =0.030" 0.809 +0.024* 0.855 +0.028*

I R B S A AR PR RR 2 R B3 (P <0.05) .

Notes: Values in the same row with different letters mean significant difference( P <0.05).
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2.2 FAEAEFEARBNYNEBZINKE
SHOU-1002 A1 A 7= 4 B 54 M)

B IR A8 A LA A /N ER
# SHOU-1002 RN 7= ER 52 . 4 g i
SR aMBRHE M RERCHMD Y >A 4 >B
M ED HEEBA >ALH.CHMD YK
2) DAMMLEER a MBHE PESERE
(1.54% ,0.49% ) , 53 3 2 B 411y 14. 89 {1l
35.784% . AR S CAHMD 4 > A 4 >
B4l, RN & A 41.C 41M1 D 4 >B 4, ik/K
EYEEBAS>SAA >CHMD A, DA
HE S Am (51 41%) , B il B 4
(29.51% ) 4&F+ T 74.20% ;B 201 SR NG & & i
%(5.91% ) , B e 41 C 41 (20.09% ) FEAR T
70.60% ; M B 7K Ak G 9 & & W2 D 41 f ik
(11.41% ) , i Fe 41 B 41 (45. 73% ) AR T
75.04% (1 3) . 48BF QMR [ 2 5, B ZH 320
i 52 B P TR £ (TR

2.0y

1.6}

1.2}

0.8}

4K S & Pigment content/%

H4kKa mH4 &b EE AN N
Chlorophyll a Chlorophyll b Carotenoids

AR FRFRZEFBE(P<0.05),
Different letters mean significant difference (P <0.05).
2 FRAFREFEAREANOT
EB/#Z/NBKGE SHOU-1002 28X S =
Fig.2 Pigment content of Chlorella pyrenoidosa
SHOU-1002 under different trophic modes
and treated with different organic
substrates on the 12th day

B IR N HLAY) X B A% /N BREE SHOU-
1002 fRIHR 24 A 2 35 5 W o 3 B A% /D ERE

SHOU-1002 1) F= 55l K 16C F1 18C JI5IIHR,
B ITER 99% DL b REFRE 12 K, 4 it
NGl (SFAs) S B4 >A 4 >C4HMD 4,
B4l A 43 T 74.82% ,C 41F1 D 4145 A 41
A REAR T 30. 03% F1 35. 68% . 4% &b FE 4
C14:0, C16:0, C18:0 FYAS{L I A FI SFAs — 3K .
Z A FIRE Wi R (PUFAs) &5 C ZHF1 D 41 >
A4l >B 4, C 41D g% A 4150507 1710.27%
F114.16% ,B 4145 A 4R T 30.70% o ¥ig7ad
R, A AN B 410 SFAs 5 i bifi 55 5% 5 H] 1) 4E
KW, H B 418 A AT R, C 4/ D
A NAHX PR, BeFfERT 2 d IREGEFRL(B.C
D ) BN ER (MUFAs ) 7 5 il I
15, ZJE G R R 2R 6 d e dEREAE A XA E 1
I A 2 MUFAs B 6 d WIAEXSF20E , 2 )5 2%
MEPET, BFEHT2 d IRAES CHMD 4l
PUFAs & & 1ol FE AR, 2 J5 Gl TH w80 6 d
J&,C 4 D 4 i) PUFAs 555 TEls T A 41,
B 411y PUFAs & 5 W] 6 5% 55 Bif (1] 9 42 4 A B [
fiX, IR 2T A 4 (Kl 4) .

60
18 2
- i
<
=
% 36 b
S A
i# 24
S
12
0 A
=)t KA SR
Protein Carbohydrate Lipid

ARRFHRFERZEREE(P<0.05),

Different letters mean significant difference (P <0.05).
3 FR2RAREAREARENY TEBZ/NIK
#% SHOU-1002 EE R KL EWMBREHSE
Fig.3 Protein, carbohydrate and lipid content of
Chlorella pyrenoidosa SHOU-1002 under different
trophic modes and treated with different

organic substrates on the 12th day
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LOGE AFR4L; 2 IRGEFRA AN ; 3. RGEFRA(BERM) ; 4. RAEFRAFELY) .
1. Phototrophic; 2 Mixotrophic( glucose ) ; 3 Mixotrophic( sodium glutamate ) ; 4 Mixotrophic ( yeast extract) .
BRR %12 RAREFEXAREGNYM T EBZ/NIKE SHOU-1002 £ EFRMREEF 40 FRTRA
Plate Photos of Chlorella pyrenoidosa SHOU-1002 fixed with Lugol’ s iodine solution
under 40 x microscope in different groups on the 12th day

3 Phe

3.1 HER.AEBRMNBSREYNEDZ
/IBKE SHOU-1002 4 < B350
RAEFEECT, WO R nT LUF T BE 3R]
AHA B, 266 B IR ML RE S IR 45 &
RS TR A R R A B A R
AT OB IR 5 B IR AR K B W T A DL I
/NERBERE % M) A A B AT S R R 5 B IR
Ko AWFFEH, 3 ARG E IR E AN
SHOU-1002 py A4y ¥ TOt & A 3R 4L, S RTA
MR SEA R —E( R 3) o 1EHERN 6 d IR HINAIF
ARG B SR AL A 0 28 5, W]
P—EERR P e E AT T N S PR
RN TR iZak R AN BRI TR 8
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BEFR R R I AR I AR KR

WX ) P ] A LB LA % A1) P ) 7
HAMEE . 32303 48 A 20 A A A
(S. obliquus) FZF AN BE (E. gracilis) A 1 5 A
BRIV, T8 = 4 4 0 A K i e R
GRIFFITHS 45" 8 i A 8 T W B G HLIRR 5 IS
Py, 38 /NEREE (C. vulgaris ) LT ATHE N IR AT 3R
TEH R A KO R R 6 d, A 4 A T 4
R T A R A 4 R L W 4, 3]
RE S DR R AL T A8 R R A B 2 8 B3t ) , i 4
SRR A2 S5 AT T W SR PR A R % -6 -
PR Z: 5 5 AN LI S 45 10U A3 gl v T
2 MR PR/ INER 0 O 2 , 4 A Kk
R
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2.0 A 36 A 10 A
——2B ——2B ——2B
1.6 _o ¢ 30r ¢ 8 —a—¢
——D ——D ——D
= = =
g 12 S u S s
Al © co
Z 0.8 g 18 g 4
0.4 12 2
0 6 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12 2 4 6 8 10 12
Ff 8] Time/d Ff 8] Time/d Ff 1A Time/d
(a) (b) (c)
48 A 20 A 15 A
—B ——B ——B
0l _, ¢ 16 c 12 c
—~D D ——D
= 32 g 12 S
= .. ..
E © )
w24 o 8 o 6
164 4 3
8 0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12 2 4 6 8 10 12
ffiE Time/d ffiE Time/d B E Time/d
(d) (e) (f)
30 A 24 A 35 —A
——B ——B —8B
ul _, ¢ 200 . ¢ 28 s
— 5 ——D f ——D
= 18 £ 16 g 2
= o0 ole
&
2 12 2 12 © 14
= =
6 8 i
0 0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
18] Time/d I 1E] Time/d Ff ] Time/d
(® () —a A (1) e
36 A 50 . B 90 —« B
—~—B ——C ——C
0| . ¢ 10 ——D 80, ——D
= =
< —~—D < =
© o
€ 2 2 30 . 10
o o é
[oe] [ee] o
= 18 5 20 2 60
12 10 50
6 0 40
0 2 4 6 8 10 12 0 2 4 6 8 10 12 2 4 6 8 10 12
it e Time/d ffiE Time/d fiE Time/d
6)] (k) 1
B4 FRAEFEARBNY TEABZ/EKE SHOU-1002 EEREAHBRARM T

Fig.4 Variations on main fatty acid profiles in Chlorella pyrenoidosa SHOU-1002
under different trophic modes and treated with different organic substrates
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32 %

R3 TRAREEEF.BEAERNERATHENE

Tab.3 Biomass of different microalgae under autotrophic, mixotrophic and heterotrophic conditions

H:¥H Biomass

i Microalgae

SCHRSRJE Reference

E 3% Autotrophic R E I+ Mixotrophic 3% Heterotrophic
BAEFEE Monoraphidium sp. FXY-10 - 0.31 g/(L-d) 0.37 ¢/(L - d) 7 g 32
TEIT. 28 48 Isochrysis zhanjiangensis 1.76 g/L 2.20 g/L 0.97 g/L g 1 (33
AT/ NRIE C. vulgaris 0.32 g/L 1.70 g/L 1.21 g/L LIANG %034
K3 Nostoc flagelliforme 0.34 ¢/L 1.67 g/L 0.74 g/L YU 23]
SRR EEE Spirulina platensis 1.77 ¢/L 2.52 g/L 0.83 g/L MARQUEZ %36
SIS P, tricornutum 0.46 g/L 0.71 g/L - LIU %15
M Scenedesmus sp. 0.12 g/L. - 0.51 g/L KAMALANATHAN %5037

3.2 HER.ASBRMNBIRHYNESZ
/INBK3E SHOU-1002 il (A 7= 41 1) 54 i

FLAE 5256 4 A R 0 T 254 e B
TR BYLEY) G, Ao 75 40 6 B A 1) S SR AR K
P E BRI R a IS N K5 ALbE
AR SRR T R, B4R a TR
R, ARG, AP 4R a TR %
NEEREEAL, SR 25 R — 3, (A4
B4R b B & B T A A S 4, H
I A Tt — 22T

AR 25 1 808 2 0 e 2 1 4 & R A
PR A R T TR R S IR
R, MU AN B i) B 6 e 28 R U0k 20 i A
im0, R AN N A B2 4, TE A B
BB VE T, 18 5 e SR T BB R
WA , 8 LR 22 5 AN AR U R 1
AT 4, A BERG 45 i3 T 0 £ 4 Bk 3
(Aureococcus anophagefferens) T] I e W W ) &
LA AT, A 2R S AE BL R I Y2 Y
HE AR T AL, AT RE R IR E A
2/ INEREE ST 22 A 2R B A I 1 35 L8 P P Y
AHVAE (R HLRR ), HAH BT %9 58 240 1) T LA
(NH,CD) , HHEW A A ILA (23R B 5 T
MR G WA FER I FERE L 2, v] B T B
TR 8, T LA A 8 IR B R I B35 4 LA 3
o B B S S

-3 - R 2 T T U B S R A
WAL R T BT, FEVERY & BUR R T, Hh -
3-WRIR 1 5 e A Sy ) % -6l 1 R 4 2 -1 -
1R, # H1 ADP-#j %5 W £5 0 IR 1k 6 fhi: 1k 5% 16
ADP-Hi% 0% , ficJ5 6 BB o RN 7 A BL&
v, H T -3 - WA TR 1 S Ik W TR AR IR AR A LN
PRI , Bt I B C TSRS A R A Tt 1 A AP T
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G A BT O A IR o AR BEST R, B
Ja 12 d, FEbkiR W 4 s 2 R e 2L 0 S g G 2
D T AL, WK A A R A
AL B 5 TR A s R AL, H
MR A s e R IR s 2 BN
TR, R WZR R A%/ INBRBEAE DL 2 0 ok 15
SR I, A0 i A i A3 1 ik i 0 o A 32
i, DR R oK AL B 9 14 vy, T DA B3R
Py sk A SRR R B 57 RS B, LA i 4 o A 3 A
feWi, R S E & A R . X R R A
MUY 25 0 35 2028 bk 2 A% /N ke & AR sy
ik X, HAF ALY T & 32/ Bk
SHOU-1002 £ 5 A3 H ik it ML A A e itk — 20
3.3 HER.AEBRMABERUHYMNERZ
/Ek3E SHOU-1002 5 R BR 48 X B9 52 I

XA % BLLAE A0 H A 2R N
U A8 SR B 9% = M e 18 B, I SFAs A
MUFAs [H 4> & s B A A FR A5 T3 &,
PUFAs I 20 & AR . £ R FE difg
VI ZEI0E i R 28« PN R B RN & IR 0 ok i T TR
BB IR G 4 8, H MUFAs 19 H 7 & &
BOUA BIRAM TR, i PUFAs B 4 5 50
FEAG. X R BHIR &8 A 20N Il i SFAs 1k
MUFAs % f Ft5 , PUFAs & 5 FEAIG, (HAS [ Y 35
bl R ML U %) 5 I LA A s 4 mT BB AS [R] o
Aurge IR G ERBET 3 HAV RN E
H#%/Nsk3E SHOU-1002 119 i 7 iR 41 i 28 Ak F A
FAME . Big7 12 d B, 5 2 RN R
WLH ) PUFAs & 543 31k 74. 31% F1 76. 93%
B TR 46.70% . 3 MG PUFAs
TR E RN FEE N 0 3 S (1) BN
PR A U B M FB B PR DL 3 O w0 A 2R



24 Brese, 55 R E

BT 3 T ML A%/ BRE A 1 B 0 M 2L R 3211 325

TIRETT 1 Y PUFAs T, il s g =
FAABTETE T I X AR T B3, 94 0 BB 4 9 3
WE15.20 125 C4 3 4\15'1?%# 15 CF
PUFAs & B &, 1M 25 C K SFAs & B & 5.
(2) BEAniE P R & B B BRI 22
EUE NS 3 2R3 1) PUFAs AH R 5o
WET 25 15 L (st 3R 7E B B A1 T 2 KRR
B =8 CRPERg ) , AR IR P R R AIR,
PUFAs & IR K. (3) W40 M 2 98 (A g i
T SRR AN 5 80 PUFAs Jh . PUFAs £ %
TEAETAR MRS T4 A 2 245 8 i 1) 5 g,
O A AE R, O R g, o 7 ) 2K
PR WP & R 2, PUFAs 5 5
e zls%ﬂ%mh P SRR A ZE RIS IR L W 2 11
ﬂf;%%?a‘ B TR A B AL, DN AT BE & L
@a@ﬁﬁﬁnﬁ%“E‘Et',%jjﬁm%l%?%%mzd\
Bk SHOU-1002 HT,,\jc%%M:;f&ci& R
%, FMAA, AR PUFAs & 7+

25 Lk, SR A%/ N R SHOU-1002 7E1R &
BREEUT A R B E R TORE A SR, L
B RRIR RN N RS P ORGSR
BN WL TR 2 bk B R /N ER R, AT LSRRI
LR A A RS JEAR ) f A 4, LA v £
% BT AR PUFAs 195 4 5 45 R
BEFHE R, AT TR E A%/ NEREE R
BN ME

SE

[1] LIANG Y, BEARDALL J, HERAUD P. Effects of nitrogen
source and UV radiation on the growth, chlorophyll
fluorescence and fatty acid composition of Phaeodactylum
tricornutum and Chaetoceros muelleri ( Bacillariophyceae )
[J]. Journal of Photochemistry and Photobiology B: Biology,
2006, 82(3): 161-172.

[2] FAN F, WAN M X, HUANG ] K, et al. Modeling of

cultivation  of

astaxanthin production in the two-stage

Haematococcus — pluvialis  and  its  application on the
optimization of vertical multi-column airlift photobioreactor
[J]. Algal Research, 2021, 58. 102301.

[3] CASAS-ARROJO V, DECARA J, DE LOS ANGELES
ARROJO-AGUDO M, et al. Immunomodulatory, antioxidant
activity and cytotoxic effect of sulfated polysaccharides from
Porphyridium cruentum. ( S. F. Gray ) Nigeli [ J].
Biomolecules, 2021, 11(4) : 488.

[4] PEREZ-GARCIA O, ESCALANTE F M E, DE-BASHAN L
E metabolism

, et al. Heterotrophic cultures of microalgae;

[10]

[11]

[12]

[13]

[14]

and potential products[ J]. Water Research, 2011, 45(1) .
11-36.

SHUBA E S, KIFLE D. Microalgae to biofuels: ‘ Promising’
alternative and renewable energy, review [ J]. Renewable
and Sustainable Energy Reviews, 2018, 81, 743-755.
MATHIOT C, PONGE P, GALLARD B, et al. Microalgae
starch-based bioplastics: Screening of ten strains and
plasticization of unfractionated microalgae by extrusion|[ J].
Carbohydrate Polymers, 2019, 208, 142-151.
PAHL S L, LEWIS D M, CHEN F, et al. Heterotrophic
growth and nutritional aspects of the diatom Cyclotella cryptica
( Bacillariophyceae ) ; Effect of some environmental factors
[J]. Journal of Bioscience and Bioengineering, 2010, 109
(3):235-239.
YANG C, HUA Q,

metabolism

SHIMIZU K. Energetics and carbon

during growth of microalgal cells under

photoautotrophic, mixotrophic and cyclic light-autotrophic/
dark-heterotrophic conditions [ J]. Biochemical Engineering
Journal, 2000, 6(2) . 87-102.

JAISCAR , FBSL, FRIIRN, 4. AEIOE A O (A B R
HAERFR A AL R ()], MPEf 4, 2012, 34
(6): 177-186.

ZHOU W J, ZHENG L, ZHENG M G, et al. Axenation of
marine microalgae and effects of axenic cultivation on growth
characteristics and biochemical compositions of marine
microalgae[ ] ]. Acta Oceanologica Sinica, 2012, 34 (6) .
177-186.

BURRAR, BT, KR, 4. RY S/ NREESRIRE ASRIE R
hRNEE 2 RIEELT]. REAY ¥R, 2021, 45
(3): 473486.
ZHU M M, ZHANG H Global

et al.

ZHAO L, ,

transcriptional regulation in Chlorella sorokiniana during

trophic  transition  from  heterotrophic  conditions  to
photoautotrophic conditions| J]. Acta Hydrobiologica Sinica,
2021, 45(3) ; 473486.

SHI X M, ZHANG X W, CHEN F. Heterotrophic production
of biomass and lutein by Chlorella protothecoides on various
nitrogen sources [ J ]. Enzyme and Microbial Technology,
2000, 27(3/5) : 312-318.

ICEE. AR EORI ' B R 9 = R e A < b R AR
AMZm[D]. ME: MEKE, 2012,

PENG W Q. Effects of different carbon sources and
photoperiod on the growth and the lipid accumulation of three
kinds of microalgae [ D]. Nanchang: Nanchang University,
2012.

WEN Z Y, CHEN F. Heterotrophic production of eicosapentaenoid
acid by the diatom Nitzschia laevis: effects of silicate and

glucose [ J ]. Journal of Industrial Microbiology and
Biotechnology, 2000, 25(4) . 218-224.
JIN H, ZHANG H, ZHOU Z W, et al. Ultrahigh-cell-density

heterotrophic cultivation of the unicellular green microalga

Scenedesmus acuminatus and application of the cells to

http://www. shhydxxb.com



326 E ol il R % % i nE
photoautotrophic  culture  enhance biomass and lipid WANG Y P, YUAN X Z, SHI X S, et al. Effects of
production [ J]. Biotechnology and Bioengineering, 2020, physiological characteristics and microcystin  yield on
117(1) : 96-108. Microcystis aeruginosa cultured with carbon sources [ J ].

[15] LIU XJ, DUANSS, LIAF, etal. Effects of organic carbon Chinese Journal of Environmental Engineering, 2014, 8(7) :
sources on growth, photosynthesis, and respiration of 2714-2718.
Phaeodactylum  tricornutum [ J ].  Journal of Applied [23]  Jgkid. AmEeHEgEE M. 2 i dbat: hEg
Phycology, 2009, 21(2) . 239-246. AL, 2005.
[16] THEEE, LuitE, B, & HEREFE =MBEELE™ CHENG Y X. Live Food Cultivatology [ M ]. 2nd ed.
ZAMFIRENITRF S SBR[ T]. A4k, 2020, 37 Beijing: China Agriculture Press, 2005.
(4):54-57. [24] HEEHARARRE S KRB AR 347 [ M].
DING X T, WANG L J, FAN Y, et al. Mixotrophic b5t EFER A AL, 1989.
cultivation of Phaeodactylum tricornutum with mannitol to State Environmental Protection Administration Book Editorial
produce polyunsaturated fatty acids and fucoxanthin [ J]. Board. Analysis Methods for Water and Wastewater
Journal of Biology, 2020, 37(4) : 54-57. Monitoring [ M ]. Beijing: China Environmental Science
(17] 2R BedhiRae fe dE Rtk s A Rl e A R 05 Press, 1989.
[D]. T, R T K, 2017. [25] ITCHIE R J. Consistent sets of spectrophotometric chlorophyll
LL P F. The research of the enhancement of growth and lipid equations for acetone, methanol and ethanol solvents|[ J].
production of  Nannochloropsis oculata by  mixotrophic Photosynthesis Research, 2006, 89(1) : 2741.
cultivation with acetate and ammonium [ D ]. Guangzhou: [26] DUBOIS M, GILLES K A, HAMILTON J K, et al.
South China University of Technology, 2017. Colorimetric method for determination of sugars and related
(18] &7, XIWhAE, MM, 55 WG VRRCRERT T & 2 B mR i A substances[ J]. Analytical Chemistry, 1956, 28 (3) : 350-
FHRREDT ST ] BREERL =244, 2013, 33 (4): 1058- 356.
1065. [27] LOWRY O H, ROSEBROUGH N, FARR A L, et al. Protein
XU N, LIU J Y, LAl HY, et al. Uptake and utilization measurement with the Folin phenol reagent[ J]. Journal of
characteristics of Prorocentrum donghaiense, Phaeoecystis Biological Chemistry, 1951, 193(1) . 265-275.
globosa, Karenia mikimotoi and Skeletonema costatum for [28] PRUVOST J, VAN VOOREN G, LE GOUIC B, et al.
dissolved free amino acids [ J ]. Acta Scientiae Systematic investigation of biomass and lipid productivity by
Circumstantiae,, 2013, 33(4) ; 1058-1065. microalgae in photobioreactors for biodiesel application[ J].
[19]  xUBehs, Bk, ZRE5. AHRIEN =M ik K. Bioresource Technology, 2011, 102(1) ; 150-158.
R P s ARG 0T BR 4L oy W9 SE i [T ], AR 9 TR S A [29] GRIFFITHS M J, VAN HILLE R P, HARRISON S T L.
2008, 24(1): 147-152. Selection of direct transesterification as the preferred method
LIU X J, DUAN S S, LI A F. Effects of organic carbon for assay of fatty acid content of microalgae [ J]. Lipids,
source on growth, biochemical components and fatty acid 2010, 45(11); 1053-1060.
composition of Phaeodactylum tricornutum [ J ]. Chinese [30] WEILK, HUANG X X, HUANG Z Z, et al. Orthogonal test
Journal of Biotechnology, 2008, 24 (1) . 147-152. design for optimization of lipid accumulation and lipid
[20] FATF, SME. R R IE TR G 4 i A K g0 i 2 property in Nannochloropsis oculata for biodiesel production
BsEm )], hRLl R¥E#m (B REI#ERR) , 2016, [J]. Bioresource Technology, 2013, 147 ; 534-538.
47(4) : 506-513. [31] GRIFFITHS D J, THRESHER C L, STREET H E. The
WANG X Y, HUANG X X. Effect of different carbon sources heterotrophic nutrition of Chlorella vulgaris ( Brannon No. 1
on growth and biochemical composition of Isochrysis galbana Strain) : with two figures in the text[ J]. Annals of Botany,
[J]. Journal of Shandong Agricultural University ( Natural 1960, 24(1); 1-11.
Science Edition) , 2016, 47(4) : 506-513. [32] e, iy, Tk, % WA AR MRt
(21]  HuaE, FPE, AR, 55 R RO ek s g KGR A A )], P EEY TR R, 2015, 35
FEMERRZ I [J]. BHKT R4k, 2003, 12(2) . (11): 46-51.
113-116. CHE R Q, HUANG L, WANG L, et al. Effects of glucose on
HUANG X X, ZHOU H Q, YUAN C D, et al. The effects of cell growth and lipid synthesis of Monoraphidium sp. FXY-10
nitrogen source and concentration on the nutritional value of under mixotrophic and heterotrophic cultivations[ J]. China
Nannochloropsis oculata [ J]. Journal of Shanghai Fisheries Biotechnology, 2015, 35(11) : 46-51.
University, 2003, 12(2) : 113-116. [33] #%D, A&, MIKDF, & BREMINIERE R
[22] FEXEM, RIEIE, MBI, S BRS¢ i Bk PRy A KR AR [ T]. B ah S &Rk, 2019, 45

PR R PR )] BT LARAAR, 2014, 8
(7): 27142718.

http://www. shhydxxb.com

(1):54-61.
DONG X W, LIY Z, HE Q F, et al. Effects of cultivation



2 4

Brese, A5 ARG B IR 3 A AL 8 PR/ NER AR K S 2 I 52 327

[34]

[35]

[37]

[38]

[39]

[40]

conditions on cell growth and lipid productivity of microalgae

Isochrysis  zhanjiangensis [ J ]. Food and Fermentation
Industries, 2019, 45(1) ; 54-61.

LIANG Y N, SARKANY N, CUI Y. Biomass and lipid
Chlorella under autotrophic,

productivities  of vulgaris

heterotrophic and mixotrophic growth conditions [ J ].
Biotechnology Letters, 2009, 31(7) : 1043-1049.

YU HF, JIAS R, DAT Y J. Growth characteristics of the
cyanobacterium Nostoc flagelliforme in photoautotrophic,
mixotrophic and heterotrophic cultivation [ J]. Journal of
Applied Phycology, 2009, 21(1) . 127-133.

MARQUEZ F J, SASAKI K, KAKIZONO T, et al. Growth
characteristics of Spirulina platensis in mixotrophic and
heterotrophic conditions [ J . Journal of Fermentation and
Bioengineering, 1993, 76(5) : 408410.
KAMALANATHAN M, CHAISUTYAKORN P, GLEADOW
R, et al. A comparison of photoautotrophic, heterotrophic,
and mixotrophic growth for biomass production by the green
alga Scenedesmus sp. ( Chlorophyceae ) [ J]. Phycologia,
2018, 57(3) : 309-317.

LY, T, 4L, . RRIE IR T7 RO R A
KA AERA W T]. BUEY R, 2015, 55
(3):299-310.

KONG W B, WANG Y, YANG H, et al. Effects of different
trophic modes on growth characteristics, metabolism and
cellular components of Chlorella
Microbiologica Sinica, 2015, 55(3) : 299-310.

WHH, BEIE, SR, FOE BRI SRR
AR AR A AR R [T ]. EPEOR, 2014,
24(5) . 9095.

LEI X Q, YANG G Y, GAO B Y, et al. Changes in the

vulgaris [ J]. Acta

growth and biochemical components of Scenedesmus obliquus
under photoautotrophic and heterotrophic conditions [ J ].
Biotechnology, 2014, 24(5) . 90-95.

BNE, RO, BRAR. AR IR/ IR s R A A RS

[41]

[42]

[43]

[44]

[45]

[46]

PR A (V] AW TR, 2020, 36 (6): 1150-
1161.
LUO X Y, CHEN J H, WEI D. High efficient assimilation of
NO3-N with coproduction of microalgal proteins by Chlorella
pyrenoidosal J]. Chinese Journal of Biotechnology, 2020, 36
(6): 1150-1161.

DAVIDSON K, GILPIN L C, HART M C, et al. The
influence of the balance of inorganic and organic nitrogen on
the trophic dynamics of microbial food webs[ J]. Limnology
and Oceanography, 2007, 52(5) ; 2147-2163.
GLASS J B, WOLFE-SIMON F, ANBAR A D. Coevolution
of metal availability and nitrogen assimilation in cyanobacteria
and algae[ J]. Geobiology, 2009, 7(2): 100-123.
BERG G M, REPETA D J, LAROCHE J. Dissolved organic
nitrogen hydrolysis rates in axenic cultures of Aureococcus
comparison  with

anophagefferens  ( Pelagophyceae ) :

heterotrophic bacteria [ J ]. Applied and Environmental
Microbiology, 2002, 68(1) : 401-404.

EWA, RWiYe, oL, 5 AWHE N /NRREEIEN 515
Wik A MR R LT ] LT, 2015, 66(6) : 2189-2195.
WANG Y J, ZHU S N, WANG Z M, et al. Synthesis
pathway relationship between starch and fat in Chlorella sp.
under nitrogen starvation[ J]. CIESC Journal, 2015, 66(6) :
2189-2195.

B, SR, AR, S IR PR A
TAEFS LR [T]. B PES W, 2016, 47(6) : 1140-
1148.

ZHAO T, HAN X T, ZHAN T R, et al. Effect of temperature
on growth and lipid properties of four oil-producing microalgae
[J]. Oceanologia et Limnologia Sinica, 2016, 47 (6):
1140-1148.

MURATA N, ISHIZAKI-NISHIZAWA O, HIGASHI S, et al.
Genetically engineered alteration in the chilling sensitivity of

plants[ J]. Nature, 1992, 356(6371) . 710-713.

http://www. shhydxxb.com



328 o\ w7 ok % ¥ R 2%

Effects of three organic substances on the growth and cell composition of
Chlorella pyrenoidosa under mixotrophic mode

MU Liangliang' , HUANG Xuxiong'*”
(1. Centre for Research on Environmental Ecology and Fish Nutrition , Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghat 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,

Shanghai 201306, China; 3. Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,
Shanghai 201306, China)

Abstract; The growth and cell composition of a newly isolated strain of Chlorella pyrenoidosa SHOU-1002
were compared in three mixotrophic groups ( treated with glucose, sodium glutamate and yeast extract,
respectively) , and a photoautotrophic group. The results showed that, generally, the cell density of
mixotrophic groups were significantly higher than that of the photoautotrophic group after inoculation.
Moreover, the cell density of the glucose group was significantly higher than that of the sodium glutamate
group and the yeast extract group within 6 days after inoculation. Additionally, there was no significant
difference in the cell density of the three mixotrophic groups from the 10th day. On the 12th day, the contents
of chlorophyll a, carotenoids, protein and total lipid in the sodium glutamate group and yeast extract group
were significantly higher as compared to those in the glucose group; however, the carbohydrate content was
significantly lower compared to the glucose group. Further, in the glucose group, SFAs increased while the
PUFAs decreased with the prolongation of culture time. The PUFAs in the sodium glutamate group and the
yeast extract group tended to decrease in the beginning, then they increased. The PUFAs of the sodium
glutamate group and the yeast extract group were significantly higher than that of the glucose group on the 12th
day. In conclusion, the results suggested that Chlorella pyrenoidosa SHOU-1002 had the ability of mixotrophy
and its growth efficiency was significantly improved in mixotrophic mode. Besides, the algal cells cultured by
yeast extract or sodium glutamate had higher nutritional value than those cultured by glucose.

Key words; mixotrophic; Chlorella pyrenoidosa; glucose; sodium glutamate; yeast extract; growth; cell

composition
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