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Abstract ; Natural auxin indole acetic acid (IAA) , synthetic auxin naphthalene acetic acid (NAA) and

2,4 — dichlorophenoxy acetic acid (2,4 — D) were added into a nitrogen deficient culture medium to

study the effects of different auxin dosage on

s HH#7:2021 —01 —24;{&E B #7:2021 - 09 —02 growth characteristics, lipid accumulation and
BT HKBRBAEETUH (21804014 ) 5 & KT A K algal oil fatty acid composition of Chlorella
FHERE G H (estc2018jeyjAX0734 ) 5 IR T K2 2 ff
F53H (1752012)

VEF T 97 kI 2 (1996) , 2o, L F 58 A, WFFET7 1) oA fole
A T BE YR ( E-mail ) Gyyuan@ 163. com,,

BASEE T8 7, By AT SE 51 ( E-mail) nieyudong @ 126. dosage of auxins, the highest biomasses of Chlorella
com,, vulgaris were 158, 159 mg/L and 164 mg/L

vulgaris. The results showed that the optimal
dosages of auxins were IAA 1.0 mg/L, NAA 2.5
mg/L and 2,4 -D 1.0 mg/L. Under the optimal
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respectively, which were 1.27, 1.28 times and 1.32 times of the deficiency nitrogen ( ND) cultivation,

and there was no significant difference in the biomass under normal culture (BG11) for 8 d in the whole

cultural period. Auxin effectively offsetted the negative effect of nitrogen stress on biomass. The maximum
total lipid content of Chlorella vulgaris with 1.0 mg/L TAA, 2.5 mg/LL. NAA and 1.0 mg/L. 2,4 - D
groups were 1.72, 1.64 times and 1.74 times of that in BG11 group, respectively. The maximum total
lipid yields were 61.38, 58.83, 64.22 mg/L., respectively, which were 1.49, 1.43,1.56 times of those
in BG11 group. The maximum triglyceride contents were 27. 97% , 25. 66% and 33. 21% , and the
maximum triglyceride yields were 44. 19, 40. 80, 54.46 mg/L, respectively, which were significantly

higher than those in BG11 group. The proportion of C16 — C20 fatty acids in total fatty acids were

71.99% , 73.75% and 84.81% respectively. The research showed that the three auxins had a significant

positive effect in algal growth and lipid synthesis of Chlorella vulgaris, and the 2,4 — D was the best.

Key words : Chlorella vulgaris ; nitrogen stress; auxin; growth; lipid accumulation

I P Ry ) 2 2 27 X RE IR 40 22 i AR T VR
TER X HES) T X REIRZ e R 3K, A= o
REVE N REIR Z UL B B — 3R 2 T o AW
T — b LA B RE TR, 32 % el A R e A T
oK, Tl HA 2 B AR AR S PR
AR SELH, BOA A 2 A W S aih A= 7= JEURL i BEAR R
W WEANIRTEREDEIRIE R E R A
FIFREE T 2 AR Rl Mg 1y 2t A7 K i g i, 3L
HR R UM DA A S I 240 L AR B A R T vk
21 BRI FESUBRZ 1 A 0 T RO A M R 4
BALG L DT 52 080 1 ol v Bl A 7 B0 PR, o5
BT — PR REAS AR R IO A I 35 Tl R S REZE S L
EHINCEEE YR T

AR E A A KA R P A i — 2/
S R/ID i) 0 SN S & A N L otk
AR AE, e Y A e AL 2 IR )iz B
FAY o ITAESR R K B SR RO A 2R R AR
ina /e R RO IR Qo I 7 K e 7/ e
WY, 511 R (TAA ) XA PG R 8 A K AR W R & J
HATREHEAE L Lin S BRR R, AR RO m
(NAA) XJ 358 /N R o A= A A i 5 R A B 2 1Y
feEfE 2,4 - “E@FRA LM (2,4 -D) WHA
FERRCRT o TR, et A K 3 10 T AR B
R N R —E AT

R, TR IR T R R DR m i
B AR i O BT R 2 — (AR S8 R A AS
PE I AR R EXH e A e A IR AR SR B 2 LA AT
A5 . BT LA 8/ NERBE N DT IR RR TRk
AT IIMA R RIRAERR IAA AT S
HZE K2 NAA F12,4 - D, BFSE 3 B2k K X
A AR B R A B A U1 P L S ) 20, 2 1

S /IR I o A A R M R AR A, Ry R
A S AL B T B HE RIS S A

1 #MR57EE

1.1 sttt

L1155 iRk

3@ /NBR E ( Chlorella vulgaris) , 7 [E B2 B 7K
A HE TS TR K BRI s TR 15 7R 3 (BGT ) s 5842
BRAEREFRHE(ND, BG11 HrLl %4 NaCl {83 NaNo, ) .
1.1.2  F357)

M5 LR (TAA ) s ZR R (NAA) 52,4 — UK
HOMR(2,4 - D) s 7 P A A AL BT
P (DMSO) , [ 24 5 A Ak 27 1R 2 7] 5 JEé 27 20 G4 kL,
By T a0 22 W 537 IR T R T IR A v VA T, Anpel
YN
113 U5

MGC —450BP {E R %885 784 , DR6000 45 7 Af
WS 66T, SQP HY T K-, FiveEasy Plus pH
11, LDZX - 30KBS 372X 15 He 28 VK B B, I 3K 114K
M, BXS1 96 WAMEL, F - 7100 26536 6 B i,
SCIENTZ — 10N FLZ5 W& VR TH#HL, TD - 24K E§.0AL,
DK - S24 HLIE I 7K 3 5, DHG — 9070 A Hi Fi g X
47, TOC - LCPH S PR 73 Hrf¥ , GC1960 < AH
(SRS
1.2 %7k
1.2.1  WERhEEs

K BGLL B3R KX il /N ER B e AT A 79K
BiFR IR ATy BRI (25 = 1)C DG ISR i
4 500 Ix G HREJE BIEIE Lo 12 h/12 h, FRRLEEAE
KEMNE A KA, L6 000 r/min .0 10 min, ¥
BEAMEE T2t A R R 5L 500 mL By 3 W A
1x10° mL ™" (Y40 deFh % 43256 F 1 000 mL fJC



2002 4 45 47 4% 51 ) i

Rl

97

P = AR A 3 R A B, B A R vk
B2 0.5.1.0.2.5.5.0.,10. 0 mg/L, BF—Jifi
IR EEBCE 3 AT, WL R 14 do P BRI
IR AR F S P WRO IR 2R A — B0 AR A K
R FE ARG IR AL (ND) MIE# R 3E (BGL) A
RS IR
1.2.2 R4 K A il

SR PR RO 5 95 368 330 /N B A e e
AR TR, LA D 0 200 0 25 58 5 >R P LT AR
TEXS/INEREE AR W R AT , B - BB 2 d Hi—
SERFBE (V) 42 0,45 um I8 155 (AL T 308 o o
my ) fHE, Ve, T 60 CHLT EAHHE R A ARE (T
B UENEITR my) o AW (Dey ) $230(1) 715

Doy =(my =m)/V (1)
1.2.3 BG o f Bt = s o i 0
R Bligh — Dyer 3" Il 2 B 5 . R 25

mg JRT#H (FURC Dy m) T 10 mL BLOA A
4 mL 07 - B (IRBREL 20 1), RS iR 2) 2
min J5#87 (40 kHz,200 W) 4-3H 20 min, B0, WigE
AU, B ERI 3 U, G I A HUH = IO T AR
PREH (m, ) P REA AL RS 245K 05 , T 60 CHER
PRt R AR (m, ) , 15 B/NEREE SR, BN SR
Ft (V) #%(2) T, SR (V) #250(3) 1153

Y, =(m, —m,;)/m x100% (2)

Y, =D¢y xY, (3)

FKHE B LU (0 - 5 L 3
A0 B N H b =R AT E DL =t R R Sy b o
it , SR AR A5 2040 i 9 H il =l & = (Y ) S

X JEE AR o il LT R, LA (4) o H i =i
FEa (V) 30 (5) T, HoAh IR i R (Ys) #%X
(6) 145,

Y, =0.118 6 x A, +0.008 2(R* =0.995 4) (4)
Yy =Y XDy (5)
Y, =Y, -Y, (6)

1.2.4  JRWime 4 sl &
RIDTAR TR AL B 1. 2. 3 ARAF R/ NERBEEIR ,
A2 mL 4% FEACE - FEEEW, T 40 C K 60
min, SR AIA T mL IECBEAS IR, TR GV I E )
JZIG, H200 WL b3 A S A5 L HI B b 2%
B SRV ETE 2R it FO AR DRI o
SAH S 554 DB - FAST 4014 H: (30 m x
0.25 mm x0.25 em) ; FHREEF NHWIUEEE 80 °C , L)
40 °C/min FHEF] 165 °C , £+ 1 min, F- 4 °C/min
THER ) 230 °C, 45 10 min; 208 R0, PEAE LR
B 250 °C |, FID K0 25 15 260 C 5 k& 1 pl,
T FUBSORE i o R (2 15 0 5 37 Ao )i 1 R Y
R TRE IR V%) e B P [R] X A5 it v JIS 7 1R A7 2 12k
KT AR —fhik e i
1.2.5 @A RIE
SRR COKFE A W 4347 5 3% CE PURR) ) 4
IR IR 5 B AR B i BTN & 4
2 ZER55
2.1 BeF AT ARKEMNHELE KO "
TEBR R ST 053 0.5.1.0,2.5.5. 0,
10.0 mg/L [ TAA NAA 12,4 - D, £ 5238
INEREEAE R, 25 RN 1R

7 [ -mND —&— 0.5 mg/L 71 -=ND —4— 0.5 mg/L 7r
—~ [ ™®BGIl —-25mglL  jAp@) —~l*BGIl —#-25mgl NAA(b) = :bBIGD“ Igg Qgg//LL 24D
T O = 1.0 mg/L —10.0 mg/L 3 2 -¥1.0 mg/L — 10.0 mg/L = 6'+101ngL_>_160mgm e
sé 5|+ 50mgl ‘S 5p—+50mgl E 5t <50mgl
<4} =4t =4l
ﬁ4 i M4
3t ¥ 3
=2 = =2
F27 F2 =2
1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 I 1 ! ! ! ! | |
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Rl /d K FEsta]/d Regrmtial/d
2101 - ND —— 0.5 mg/L 210 —= ND —A— 0.5 mg/L 210 —=—ND —A— 0.5 mg/L
200r —e-BGll ~ —4—2.5mg/L IAA(d) 200f -e-BGIl —-25mgl.  NAA(®) 200f —e~BGI1l —2.5mgl. 2,4-D(f)
—190F ¥ 1.0 mg/L +— 10.0 mg/L 190 1.0 mg/L »—10.0 mg/LL ~ 190r 1.0 mg/L »—10.0 mg/L
= 1801 —«-5.0 mg/L = 180 —4-5.0 mg/L 2 180} —¢5.0 mg/L
2170} 2170} 2 170¢
< 160 = 1601 £ 160t
i# 150 I8 150 i 150
;140 ] 140 K 140
1308 = 130} 130
120+ 120f 120
110}, 110, 110
10 1 1 1 1 1 1 1 1 10 1 1 1 1 1 1 1 J 10 ]
0O 2 4 6 8 10 12 14 16 0O 2 4 6 8 10 12 14 16 0O 2 4 6 8 10 12 14 16
K3t al/d RrgRmta)/d RSt al/d

1 FRERENEB/NKRAREEREYMENIT

M L ATLLE A SR i /N BR e AE

B SRR AR K E S R b T #5012 W R A



98

CHINA OILS AND FATS

2022 Vol. 47 No. 1

0255 J3 PG ST I, T BT 21383 /N ER 9 A g A
20 6 235 I A0 ERE R o 8 T A R A (H I R
12 d WK B 1.0 mg/L TAA 413557 8 d
PATR KA, R2.94 x10° mL ™" 1557 6 d 3ik1%
KA, 158 mg/L, 2.5 mg/L NAA 41}:5; 6
d ARG e K 40 25 5 A A i, 0 )k 2. 85 x 10°
mL ™' F1159 mg/L, 1.0 mg/L 2,4 - D £H#%5: 6 d 3k
TS RN B, 43,05 x 10° mL ™" 1557 8 d 345
KA, 7 164 mg/L, 2,4 - D X858 /MR AE K
PEHSCRBAE T AN AE K R . &L A ML,
ND 21 i Fik = SR F 05 S, 5555 4 d B 9 008
FEIR AR AT 25 b, AR K R AR I 7 5
7 TAA 1.0 mg/L,NAA 2.5 mg/L,2,4 -D 1.0 mg/L,

Ay R4E 1.0 mg/L TAA 2.5 mg/L NAA 1.0
mg/L 2,4 -D 3 FAERKEMERAT, K0 M % AR
XtF ND 21 (Fe RN 1.98 x 10° mL™") $7H =
1.48 1. 44 1. 54 %, 1 & KA 9 5 AH X T ND 44
(RAEYE 124 mg/L) 4348 TH 5 1. 27 1. 28,
132 %, 5SS AR 8 d BGI1 AL, AW
HERENZER  XUITER RSN T  ERREZ
(RS HF A M 1Y) 73 24 55 B4 5, AR MR A Kl T
REMBEZMZH] T — @ M, [ A A 80K
TH 1 SR ZUBRE T AR Py 1) 5 TR )

2 2 BG11 ND H5EAE/MEA KRB MET
ND SR & =281k .

B 2 AT S R ARAE T AR 4 i SR A

D, R A AR i Y i T A AR K S
BN NAA 2 iy T 350 By, X e A A —
TEMHEAE, MAERES i A9 TAA 12,4 - D 3%
T SRR 2 O 3 R, DA e T A i R
MR R R B . Sebr b, A KSR B 2 M Y —
T 05500, el i W A 220 2809 K s
5 T IS R ) N i ) BE R, DA T AR E A0 i A
KT AN I 1 S R B A A X
NEREEANME A (A A FH I R AR TR B AR KR,
IR A K EN i S ) B e — B, RV R
fedt, m U BEII ] o B 2, FERFR AT A
AR R BEA RO e R 58 /N R 38 2 M Y S B, —
R P AT R SR0 /N B 3 A ) 07 TR 520 5 5[] s
R WA R REAST 00 /N8 40 3o ) 40
DRI R A AR SRR A K

40 -

-=-BGIl —¥NAA
‘\35 G —e—ND —-24-D
N -+ IAA

on

East

i 20

€1 st

®
s 10T
5t
]

1
10 12 14

0 2 4 6 8 16
KRt Tal/d
E2 BGIIND 58&4KEFMET ND h
BEABETHER

2.2 BRM T A K EATREE W AR A R0 F R
(LA 3)

—= ND —— 0.5 mg/L IAA(a —— 0. L
457 —e—BGll 25 mglL @ 4s TN TATIImEL A 451 e DOl e oamEl 24D
40 j;ﬁ ﬁg{“’_w'o me/l 40 } =¥ 1.0 mg/L — 10.0 mg/L 40 L~ 1.0 mg/L 5—10.0 mg/L
S ’ S —5.0mg/L < —<50mg
£ 35 £ 35 & 35
o itz i
4130 4130 < 30
e & &
18 25 1 25 13 25
2 20 20
15 1 1 1 1 1 1 1 J 15 ] 15 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
REFEtR]/d RS E]/d KE et in)/d
-=-ND —&— 0.5 mg/L -8 ND —&— 0.5 mg/L —-=-ND —&— 0.5 mg/L
70r—e-BG11 —-25 mgL IAA(d) 70 r—e—BGll —-2.5mg/L NAA 70— BGIl ——2.5mg/L
L0 10.0 —¥— 1.0 mg/L — 10.0 mg/L (e) —¥ 1.0 mg/L — 10.0 mg/L -
—¥ 1.0 mg/L & 10.0 mg/L 2,4-D(f)
3007 «50mgL 560 ~ 601 5.0 mg/L
£'50 250
15 40 %\\i}{ 40
3z 30 2 30
P16 1A
@, 20
10 1 1 1 1 1 1 1 J 10 1 1 1 1 1 1 1 J 10 ]
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
REFRmta)/d KR /d ReFR )/

H3 FEEKREHEENKERIES BN B8

B 3 AT, FE SR AR PE S INAE R TAA
NAA 2,4 - D Be{R B2 a] DLIR 2548 e S s &

S

i, A RE TAA (NAA R 2,4 - D IR 2350 1.0,
2.5.1.0 mg/L ik, Xl g A 80 fie 25 38CR



2022 4 55 47 5 55 1 1) T

Rl

99

I B R SIE & & 4 Wil o 38. 85% . 37. 00% Al
39.16% , i ND 20 7 K g & /20 30.95% , X
T BG11 4 fie K G g % & 22. 55% 1fii &5 , ND 41 1
TAA(1.0 mg/L) \NAA (2.5 mg/L) 2,4 -D(1.0
mg/L) 20 fie K SR & &40 5 & BGI1 41y 1. 37,
1.72.1.64 1.74 £, 1.0 mg/L TAA 2.5 mg/L NAA
1.0 mg/L 2,4 — D 2H S5 dse KGR ™ 570 0 K
61.38.58. 83 .64.22 mg/L, & BG11 41 K g =
H(41.27 mg/L) [y 1.49 1.43 1.56 %, i ND 41 &

KEMIE ™ 38. 38 mg/L , # BG11 A ik, X2

SSENIL sl =N T 1 i BN HAth il 5 1
45 AR W 4sTO = A
40 (® 65 40
35 22 . 35
R
< 30 NS s
=25 g 325
i 20 - 45 < g
4o i - I =R
15 ™ 35 .1:_\ 15 *
10 130 10 -
5 25 5 .
| |
0 el ) 20 0 L

BGIIND 0.5 1.0 2.5 5.0 10.0
TAATR N E2/(mg/L)

(b)

T T BRI T RO AR K sz B IR, S B0 &
SREAAN AR S 5, (ELEIR P R, A
T RCEE SR A SR S I A K B i AR O
IrILE

Tl i i 2 2 LAZE R IR AW B A S A AT
JEnH il = A A7, e rp H il = R T LA g
iS40 S il 45 P B RLAT AR A S R
BB XE T A M S ) B G R, AN]SR
AT T /IR 0 N = L LA S
B CHh =l B R A 4 R

Fe g S HABAS o AR )
w R OO =R ot w =
70 45 © 70
65 40 65
60 - 35 6() .
"o ¥ . 0
5E /o 152
. X [[40E & %(5) " . 40 I8
354 o . 355
30 {30
m (| .25 5 all® 25
A 20 0

BGIIND 0.5 1.0 2.5 5.0 10.0
NAA I E/(mg/L)

BGIIND 0.5 1.0 2.5 5.0 10.0
2,4-DIfS i/ (mg/L)

B4 AEREKEXFZENEKE

Hy 18] 4 AT, BRI 35 40 T Hh = 0E & =
T IER IR A R ERTE, Hd 1.0 mg/L TAA
2.5 mg/L NAA 1.0 mg/L 2,4 - D 4043 I3R15 K
HM =EE &, AHX T ND ZH A B R H il =R & i
19. 88% i &, 4> Bl ¥ & & 27. 97% . 25. 66% .
33.21% , H.43 % & BG11 4 & K H i = 5 & &=
(12.31% )y 2.27 2.08 .2.70 f%, i K Z L0k
TROEMNR A . T AR BIEEE =
P& wE AR RS & 28k O LF— 20, Witk
AR ZIET N TAA 1.0 mg/L NAA 2.5 mg/L,
2,4 =D 1.0 mg/T I 3RAG 5 R H b =1 ™ &, 73991
k1 44.19 40. 80 54. 46 mg/L,

SRR, A KR ARG & A& R Al ) 20 e
HEEEAEAATIE & . B RRIFAGNE E s
52 ARARES G, i ek 52 2% ) A B AR AR R T
R DR R SR Ak, DT B 8 i A0 ) A G AR
T A R ) A L v R A M A e S R R
4 S AT B S |l T A K R AT AR s o e & 1
TR ) [Tl O SHE A R — 1,5 — R AR AL I AN
TG G S A SR ARG 0905 P , #E kg
SR SME A S RO A K A AR B,
A UESE 2 A H A I G U DG A W A2 3 1Ak
KR AYFEM, iNEke)m NC - MS rhigsfin TAA 4 i
Oy REFARIE T =S R S B -3 -
PR T 5L e % i R0 T il R TR B B A% Il 1 ik PR R
PRV BeAh, T K R AR & T R S

SR HttERSE . Hh=E"8

5EEFENZIE

SE A Ak it R A A Ak S S BT AT T 1 T M R

IR PR T A E T A i 2 e, DRSS T

R IR A S AR R T A AR

il 5 B A B

2.3 AR FEabE D HRE b AR AR R 4R 8 B e
I 195 T e L ok 8 Yl M ) O B 4, L B K

JEE AN RE S5 A W el 1) i T B ARG, R AR

FEHE— 20 T8/ NEREE R AR 0T R 2L AT 1 0%

B Rk 1 PR o
F1 TEBFFUHETEB/NREAREHRARR S B

F/ %
. Be1I ND mg/lLOIAA mg/zL ?\IAA mg/L12(,)4 -D
Cle:0  12.16 10.42 14.94 13.64 16.13
Cl6:1 1.87 1.49 1.08 0.75 0.62
C18:0 5.8  7.58 9.43 7.81 5.39
C18:1 4.93  7.96 7.66 6.54 5.29
C182  14.53 19.29 20.08 19.85 28.21
CI18:3 6.68  6.81 6.92 11.91 13.24
C20:0 8.58 10.68 11.88 13.25 15.93
St 54.59 64.23 71.99 73.75 84.81

fi22 1 A[%0, 76 BG11 #5352 4F T C16 ~ C20 Ky
AR SEM L BT 1 A3 A o5 SR DT BR 1Y 54. 59% , 7
RBRMIIE SR FME P& 2] 64. 23% MR A K &R
IAA NAA 2,4 - D 5t — &8 ms| 71. 9% .
73.75% 84.81% . X v]figJ&th FAKRIE 2 H M

HexE

= IR FI A B SRS IR i e AR K R



100 CHINA OILS AND FATS

2022 Vol. 47 No. 1

BT C16 A CI8 felime o™ . Bk, A K EAR
AR T Tl S B o ik, T FLIR AR E T A 0 S T
J A SR C16 . C18 BRI IR I & ik, L 2,4 -

D VRO e
3 & #

S5 UL 0 7 Yl e N sk e by RSN e e
WEFREAE R PR S5 R % TAA (NAA 2,4 -D 3
ot A K 20 /N ER AR KA IR R R I e . 45
RFRW 3 AR K R 0 e HEU A 43 51 o TAA
1.0 mg/L NAA 2.5 mg/L.2,4 -D 1.0 mg/L; 1£
TAA NAA 2.4 -D ffERIE T, /NeRBE i = A2
w7 K 158 159 164 mg/L, J& B — i A 1 %
(ND) FA W17 1.27 1.28 |1.32 £, 584555
JRIHT 8 d IE 5 5% (BGLL) T My i A= ¥y s AH L
TohE M2 A K AR T EE A X A
AL, 75 TAA NAA 2,4 - D RfERNES
ND JEFR AT, 838 /3R e K SR & = 43 il o2
BGI1 B4 R 1.72 1,64 1,74 1.37 {5, 50k
SRR BIJE BGIL 4% 1.49 .1.43.1.56.0. 93
M N B K H W = R Y i o 27, 97%
25.66% 33.21% .19. 88% , Fx K H i = Fg = 143 )
7 44.19 40. 80 54. 46 24. 65 mg/L,C16 ~ C20 fi5
W& 153 43 ol o5 S Bg W BR 1 71, 99% [ 73. 75%
84.81% 64.23% , 3 FliA: K R M VE AR AR K 2
2,4 -D JAA NAA,

S0k

(1] J7IE, B S e bl 4 A S i DR S sk Jee (0] AR
k1., 2017,37(9) :57 -61.

[2] RIZWAN M, MUJTABA G, LEE K. Effects of iron sources
on the growth and lipid/carbohydrate production of marine
microalga Dunaliella tertiolecta J]. Biotechnol Bioproc E,
2017, 22(1) : 68 - 75.

[3] SAJJADI B, CHEN W Y, RAMAN A A A, et al

[

Microalgae lipid and biomass for biofuel production: a
comprehensive review on lipid enhancement strategies and
their effects on fatty acid composition [ J]. Renew Sust
Energ Rev, 2018, 97. 200 —-232.

[4] JIAJ, HAN D, HENRI G G, et al. Molecular mechanisms
for photosynthetic carbon partitioning into storage neutral
lipids in Nannochloropsis oceanica under nitrogen —
depletion conditions[ J]. Algal Res, 2015, 7. 66 —77.

[5] YU Z, PEI H, JIANG L, et al. Phytohormone addition
coupled with nitrogen depletion almost tripled the lipid
productivities in two algae[ J]. Bioresour Technol, 2018,
247, 904 -914.

[6] VOSS U, BISHOPP A, FARCOT E, et al. Modelling

hormonal response and development[ J]. Trends Plant Sci,

2014, 19(5) . 311 -319.

(7] #dl, s 4 R A A Wk B TAA XT Bk % THe
(Oedocladium sp. ) A=K KARNTER & w52 [T]. AEY)
WIHRS B2, 2009,18(2) : 80 —83.

[8] LIU J, QIU W, SONG Y. Stimulatory effect of auxins on
the growth and lipid productivity of Chlorella pyrenoidosa
and Scenedesmus quadricaudalJ]. Algal Res, 2016, 18;
273 -280.

(9] MBSl , XIFIR, WA, 26 ANRAE N IR /N ek
AR BN T]. ) ARAO R, 2012, 39
(8): 104 -107.

[10] GREENSPAN P, MAYER E P, FOWLER S D. Nile red:

a selective fluorescent stain for intracellular lipid droplets
[J]. J Cell Biol, 1985, 100 (3): 965 —973.

[11] CHEN W, ZHANG C, SONG L, et al. A high throughput
Nile red method for quantitative measurement of neutral
lipids in microalgae [ J ]. J Microbiol Meth, 2009, 77
(1), 41 -47.

[12] MEZEIEARI SR, KRR KN kM ], e
A P E PR R A H A, 2002.

[I3] CHUJ L, LI Y, CUL Y L, et al. The influences of
phytohormones on triacylglycerol accumulation in an
oleaginous marine diatom Phaeodactylum tricornutum|[ J].
J Appl Phycol, 2019, 31(2): 1009 -1019.

[14] BABU A G, WU X, KABRA A N, et al. Cultivation of
an indigenous Chlorella sorokiniana with phytohormones
for biomass and lipid production under N — limitation[ J].
Algal Res, 2017, 23, 178 - 185.

[15] ZHU L D, LI Z H, HILTUNEN E. Strategies for lipid
production improvement in microalgae as a biodiesel
feedstock[ J|. Biomed Res Int, 2016(3): 1216 —1226.

[16] GULDHE A, RENUKA N, SINGH P, et al. Effect of
phytohormones from different classes on gene expression of
Chlorella  sorokiniana under nitrogen limitation for
enhanced biomass and lipid production [ J/OL]. Algal
Res, 2019, 40 101518 [ 2021 - 01 —20]. https://doi.
org/10. 1016/j. algal. 2019. 101518.

[17] MANDAL M K, CHANU N K, CHAURASIA N.
Exogenous addition of indole acetic acid and kinetin under
nitrogen — limited medium enhances lipid yield and
expression of glycerol — 3 — phosphate acyltransferase &
diacylglycerol  acyltransferase genes in  indigenous
microalgae: a potential approach for biodiesel production
[J/OL]. Bioresour Technol, 2020, 297. 122439[ 2021 -
01 — 20 ]. https://doi. org/10. 1016/j. biortech. 2019.
122439.

[18] LI X, ERIC R M, LIU B, et al. A galactoglycerolipid
lipase is required for triacylglycerol accumulation and
survival following nitrogen deprivation in Chlamydomonas

reinhardtii[ J|. Plant Cell ,2012, 24(11) : 4670 —4686.



