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Effects of Orthogonal Design Optimized Elicitor Combinations on Fucoxanthin Content and Photosynthetic

Physiology and Gene Expression of Phaeodactylum Tricornutum
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ABSTRACT:OBJECTIVE To study the effects of different concentrations of photosynthetic induction factor ( PIF ), methyl
jasmonate (MeJA) , ceric ammonium sulfate ( ACS) and acetylsalicylic acid (ASA) on the accumulation of fucoxanthin in Phaeodacty-
lum tricornutum, screen the best elicitor combination for fucoxanthin accumulation, and study the photosynthetic physiology and gene
expression changes of fucoxanthin accumulation in Phaeodactylum iricornutum under the treatment of the best inducer combination.
METHODS A four-factor, four-level orthogonal test was used to screen the best inducer combination to promote the accumulation of
fucoxanthin in Phaeodactylum tricornutum, and the chlorophyll fluorescence parameters of Phaeodactylum tricornutum under the treat-
ment of the best elicitor combination were detected by pulse-amplitude-modulation (PAM). The expressions of zds, leyb, rbel and psbA
were detected by RT-qPCR. RESULTS The results of the orthogonal test showed that MeJA was the most significant factor affecting
the accumulation of fucoxanthin in Phaeodactylum tricornutum cells, followed by ASA, and the best elicitor combination to promote the
accumulation of fucoxanthin in Phaeodactylum tricornutum was 1 wg + L™' PIF +0.2 mg - L™' ACS +40 mg - L™ ASA. The photosyn-
thetic physiological study showed that the inductor treatment was able to increase the fucoxanthin content by 104% compared with the
control group, which was 21.77 mg + g”'. The results of photosynthetic physiological study showed that the inducer combination signif-

icantly increased the rETR,, value (P <0.05) of Phaeodactylum tricornutum. The expression of rbcL gene was the highest, which was
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2.0 times higher than that of the control treatment (P <0.01). CONCLUSION The expressions of tETR,, , chla content, lcyb,

rbeL and psbA genes are highly significantly correlated with zds gene, and the photosynthetic efficiency can be improved by promoting

the expression of photosynthetic genes and the relative electron transfer rate of PS ] , and the expression of genes related to the synthe-

sis of lutein can promote the accumulation of fucoxanthin in Phaeodactylum tricornutum.

KEY WORDS: Phaeodactylum tricornutum ; fucoxanthin; orthogonal experiment; photosynthetic physiological index; gene expression
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ZoE" ) Zhu %" 0.2 mg - L7NACS 4b3 =
PRI A W R & BB A ET 60% , Li
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s e B e o s 7)Y TR 1 KA E (=6 o )
RO EIEARIWACHGE , IERTL R B2 —FRERS
b 22 R 2R 200 I 0 e th B AR B A RO . E
o IEAZ 2 AT DA d /b B SE 6 8, N Z AR R o

- 880 -

Chin Pharm J, 2024 May, Vol. 59 No. 10

e A P R IR G . AR 4
K2 4 K IE Qi B A i0F = A 48 B
HERTENRESSTAS, V=AW sk
B AL AR P SR HE LA

AEE RS RS OLA A B AN R GA A
o<, PIF Ab B AT o $2 5 = M 38 56 G 1E AR
FAHOCIE P A R e A B R R A B
REum5 PSS a & Bl e e, B
SRA R R WA R A M, o leyd 525 8
WE TR R . MeJA ASA FI ACS 1]
1 PR = A TR ) A TR R A U I I i 3R
B = AR A R R Ak
WX ER FH G 2B =AM Eot Gk
PR JEAAE I AH OC 3 PR RN A i ¥ 2K A BORE O 3t A
W FRIRA 5 WA 1S i — D5, AR WF 58 0 R T
B A B B R A B A B AR A R oy R 4 P B R A
Fend

1 ME5FHZ*
L1 =ZAEEENER

SRR T POR IR B B A Y
TR IR AR, DL 1210 (1 B 38 41 i 42
T T ol BRI £/2 WARRE TR AR D . BT i ot
h60 pmol « m™* + 57" EEE N (20 £1)C JERE L
912 h: 12 h S T R AR BE LI = f Y
PLE I E N TS5 3 1K
L2 EREEEI

LA PIF \MeJA (ACS Fil ASA PUFH AN ST
HEH R PR L (4°) IERHE, WIT T4 HE4 K
FIEA T, F Sk BT IR 1. IEACFRAN 16 F4]
BB AR TR AR 2, #RE2 1Y
IR SE, S =M P i =Ml i A K 2R
A A SIS, B 2435 680 nm i AR Y ' FE (opti-
cal density at 680 nm, 0D, ) i5F] 0. 2 i, it AAE
WRE WSS 7T T4, G iz 3 4
HE
L3 i el

A K AR EAW = M Ta B R SR 2k 4% Lo ]

o 22 2k 2024 4R 5 55 59 4545 10 1)




ik , 7R A ARSI T Tt 4 S, P
SOMPEICEE I E AR 19 ODggo fH, 278 OD 53
AN AR ME T 2K . T IR Ab S B 24 h 0
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Tab.1 Tabular header design table for L16 (4*) orthogonal

test of four inducer treatments of Phaeodactylum tricornuium

A B C D
No.
PIF/pg - L='  MeJA/pmol - L=! ACS/mg - L~' ASA/mg - L~!
1 0 0 0 0
2 0.1 100 0.1 10
3 1 200 0.2 20
4 10 400 0.4 40

TE:PIF - e s 3 0175 MeJ A — SR i ; ACS — BRI ; ASA — Ltk
78
Note : PIF — photosynthetic induction factor; MeJA — methyl jasmonic; ACS — am-

monium cerous sulfate; ASA — acetosalicylic acid
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1 : 0D, F7R _FIHWRAE 445 nm A ROLH
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FEHEPRETAE 1 em SERE Y L4 L () B8 TR
WA, B 1 6005 M S i T 6 .
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PRYEEEDE 2 WK, RT3 58 90 % PR I ,4 C %
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W 1E ODgy . ODgyy . ODg,, FI OD5, Kb 11 O 25 JiE
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42 a % i (mg - g_l ) =[11.85(0Dg, -
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ODyso) | x V/(M x L) A(3)
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fdi ] AquaPen F-4 30 285G I AL FAQ U
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15 min, FFFERE S5 0F T EL A B AR b, AR 8B4
WS RGN YOG (Fe {ED) 2 5 000 LR,
fb2E G B o 600 wmol - m 2« s ARG PS I fi:
KAAZERCR (Fv/Fm) (PS 1T SRl 2@ 8 [ Y
(1) ] Stk K 2250 ( photochemistry quenching,
QP) . 4k Jt 1k 27 ¥ K & % ( non-photochemistry
quenching ,NPQ) o FRUCHAH I B W IR SE L 5 ~ 10 s
Ja BEAT PR B £k (RLC) A& , RLC 225X
4 PTG, HE— A1 PS T &% KAH R e 115 18
HK(ETR,,,, ) R FIERER AR (o)

rETR =PAR/(a x PAR2 +b x PAR +¢)

A(4)

PAR GGG A B S, a b e By B4t
originfll A M 2k 155 R Y
L6 =ZA®IEELRNARREEET R E KN
A1 R A R R T Rk AT

M 100 mlL = ff 4 45 B BRI, WOAR e 8, AR U 1
PG 7 P A A LT A5, 6 A RNA 2 050 &
(plant RNA Kit, OMEGA ) $2 5 = ffi #5 45 i &1 RNA,
{#i F HiScript T Q RT SuperMix for qPCR ( F5 It i 4k
W) R G S Sk A RNA 15331 ¢DNA L A4l 56 [ [
SEAEYIFE ARAE B H0 (National Center for Biotechnol-
ogy Information, NCBT) $t4f J7 Hh C HI ) = f1 Hg 1
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22.16 mg - g~' o ELMAMTRIT 2250 AT 45 W], Me-
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HIEZRE R 9 S5 AH G M, 751X
STHAET, = ABEESEER T ] &N,
k7 22.16 mg * g_lo
22 BERFESTFHENABERAMEK S
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RIS F LA X = A Ts i g A
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R2 ARFRTAE-ABKENEX LB 5 AW
M. n=3,x=+s
Tab.2 Orthogonal experimental design and intuitive analysis of

four inducers for the treatment of P. tricornutum. n=3,x +s

Factors Fucoxanthin content
No.
A B C D /mg + g~ !
1 1 1 1 1 11.03 0. 8654
2 1 2 2 2 13.20 +0. 323
3 1 3 3 3 12.97 +1. 8254
4 1 4 4 4 8.252 +1.015P
5 2 1 2 3 10. 27 +0. 694bc
6 2 2 1 4 13. 60 0. 243¢
7 2 3 4 1 9.50 +0. 360"
8 2 4 3 2 9.332 +1. 080"
9 3 1 3 4 22.16 1. 831¢
10 3 2 4 3 9.134 +1. 822
11 3 3 1 2 9.163 = 1. 406"
12 3 4 2 1 8.748 £1.503b¢
13 4 1 4 2 19.00 =0. 083"
14 4 2 3 1 5.858 +0. 545¢
15 4 3 2 4 9.099 +0. 832b¢
16 4 4 1 3 10. 04 +0. 784b¢
ki 15.03 20. 81 14. 61 11.71 -
K2 14.23 13. 81 13. 65 16.78 -
K3 16. 40 13.57 16.77 14.13 -
k4 14. 66 12.12 15.29 17.70 -
R 2.16 8. 69 3.11 5.99 -
okl k2 K3 k4 - & EAEKT1.2.3 4 IR T 90 R - £ E
M2 a.b e d e f - BEF BFEER, FHARR TR E RS, FHARE
N WE RS

Note:k1, k2, k3, and k4 — the mean of each factor under the treatment conditions
of levels 1, 2, 3, and 4; R —the extreme difference of each factor; a, b, ¢, d, e,
{ — whether there is a significant difference or not, the same letter means there is no

significant difference, different letters means there is a significant difference.

R3 4MFFTFAEZ ABIEENELLRE R Z0H
Tab.3 Analysis of variance (ANOVA) of the results of an or-

thogonal test of four inducers for the treatment of P. iricornutum

Source of Squar Degrees Mean
P Significance

variation sum of freedom  square

Pif(A) 17.781 3 5.927 0. 685 0. 567 -
MeJA(B) 307. 111 3 102.370  11.837  0.000 D
ACS(C) 34.750 3 11.583 1.339  0.277 -
ASA(D) 148. 569 3 49.523 5.726  0.003 D
Error 302. 689 35 8.648

TP <0.01, RIS B,
Note: )P <0.01, indicating a highly significant difference.

Vo T AL AL B = MR 1R B B R A F
21.77 mg - g~ L X BRALHE 5 T 104% . 5554l
FHAL P = AR 1 B, HO AR a R H
HABRR 8, MR a TR M ALY 2.03

HhE 227705 2024 4E 5 55 59 5 10 4




F, ULIA TR 08 1k e B8 2 385 4 1Y [ I fie ik
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B B v

WAL 5 5 7 418 0 = ff Hg 18 B 2 K
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0 T T

0 5 10
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A - SIS K B - ZMIEdEE R i SXA M, VP <0. 01,

NPQ.Y ( II) . QP. o fH A /)N B A9 58 i, (H A B
# o T rETR,, 3% @ T X B4 o OGAR Dl 4k 45
R 2), 9230 41 F0 0 BRZH 19 = £ 18 45 B
RLC 7£ 0 ~300 pmol + m~* - s ™' Z ] pfi & Y64k %
SEEE A A, = A 48 BE ETR PR3 T, 7R
500 pmol - m ™ s IR B R E IR, B8
020 2 A RE AR v 71 138 S 3 B v T IR A

30 4
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o === Experimental group
- 1)
on =
2 20+
5
=
g 154
5
£ o
S 10 ==
= 1)
54
0

T
Fucoxanthin Chlorophyll

A — growth curve of P. tricornutum; B — pigment content of P. tricornutum, )P <0. 01, vs the control group.

&1

FRIREUEN - ABHEREAMERKMEZLENYH. =38+

Fig.1 Effects of optimum combination of elicitors on the growth and the pigments content of P. iricornutum. n=3,x +s

R4 REFRTUGHZABRELTREIRNSENRHE. n=3,x2s

Tab. 4 Effects of optimum combination of elicitors on chlorophyll fluorescence parameter expression in P. tricornutum. n=3,x +s

Group Fv/Fm

Y(I) TR

NPQ QP max «
Control group 0. 645 £0. 010 0.073 0. 006 0.923 +£0. 306 0. 520 0. 361 55.132 +0. 839 0.311 £0. 005
Experimental group 0. 642 +0. 008 0.087 +0. 208 0. 970 +0. 000 0.573 £0. 116 58.386 +0. 1991 0.289 0. 138

T SR I, D P <0. 05,

Note: )P <0.05, vs the control group.

=)
I
]

N
S
1

)
S
1

-8 Control group
-@- Experimental group

Relative electron transfer rate/pmol-electrons-ms™

o

T 1
0 500 1000

Photosynthetically active radiation/pmol-m?.s™!

B2 =AEIEENLE Bl &M n=3,x%s

Fig.2 Rapid light curves of P. tricornutum. n=3,x £s

24 FRTUHUAM-ABEEEREZAN AR
FEAAER MK EE KLY H

WA FALA 0 = M TE Bes B R A X
JeAAE ML ek i, 25 SRR W (| 3) , 5K

R 2 s 2024 B 5 715 59 4 10 1)

B 20 19 B B R S AT R FE A 2ds leyb DL ROEAAE
FHAHSCEE A rbel \psbA {0 00 R 2 A 2 2% 13
(P <0.01) M rbel JIH 215 fie iy, 0 IR
(19 2.0 7%, WA S TRt E i R A S A R R
B AR A ROE G ARSI I 5 DR PR 26 A 5K
2.5 ZABBEETREAANLSKE ERHERAM
K B 5 1k B9 A K P AT

HBEHER Y ads leyb rbel Fl psbA BN Fik
K- R RIS RN a SRR
GURERWIERS) AB R S R G HAR RS oy 2
psbA L[N YETR,, 240 8% EAHSC (P <0.01), 5
ads FEDH rbel Fe R 3% 5 B FHIEA K (P <0.05) . H
5 B TR A SR B O Leyb
(r=0.967,P =0.002) , A KM e 1 it 4k RS
Bk ETR,, (r =0.969,P =0.001), Fv/Fm NPQ,
QP Y (ID) M o 578 28 5 G A
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== Control group == Experimental group
D

Ea

204 1) 1]

Relative expression level gene

N ﬂ ﬂ
0 T T ,
zds leyb rbeL psbA
St HRAAR L, D P <0.01,

P <0.01, vs the control group.

B3 #3TRELACAETZABHELLEALTZR.
n=3,x%s

Fig.3 Transcript levels induced by optimum combination of

elicitors in P. Tricornutum. n=3,x £s

KI5

AR R TR T U VR 2 T R, R LA
BAWME A A KPR 3 PR
Wz K rp L SR oy S A, TR B S ) T2
JE e R 2 T T AT A TR TR ] AR A
AR s A RN S RN E
C TR 17 S ST YA B b Ry Su = i
A BB 1 Jr 2005 T R BE B ) R 3k, DT 3
TG H AR B 18, 32 8 AR A = 4 i e
BT, AR ST AT M A AR BE Y PIF
MeJA [ ACS  ASA £ 015 5 1 R A #F = ff1 15 15 3%

EWRRM G

RS ZABRRERRRGE S TR E TS BN X A oA & AT

Tab.5 Correlation analysis of fucoxanthin content with chlorophyll fluorescence parameters and expression of related genes in P. tri-
cornutum

Related parameters ~ Fucoxanthin content chla zds leyb rbel. psbA Fv/Fm NPQ QP Y(ID tETR a
Fucoxanthin 1

Chla 0.998%) 1

ads 0.8831 0.8581) 1

leyb 0.967% 0.9522 09732 1

rbel, 0.79 0.769 0.9382) 0. 8892) 1

psbA 0.919% 0.896" 09202  0.950%  0.851D 1

Fv/Fm -0.153 -0.108 -0.514 -0.344 -0.704 -0.413 1

NPQ 0.123 -0.031 0.772 0.783 0.772 0.679 -0.833" 1

QP 0.757 0. 761 0.789 0.791 0. 8251 0. 804 -0.490 0.557 1

Y(ID 0.752 0.749 0. 692 0.730 0.845") 0.750 -0.521 0.318 0.815") 1

tETR 0.969%) 0. 9662 0. 8421 0.934%) 0.673 0. 870" 0. 006 0. 463 0.633 0. 567 1

a -0.657 -0.771 -0.771 -0.725 —-0.657 -0.714 0.143 -0.216 -0.8800)  -0.647 -0.657 1

T WA, VP <0. 051 M, 2 P <0.01,

Note: )P <0.05, significant correlation;2)P <0. 01, highly significant correlation.

HEFHR—WES T, MHARESTZH
F) W [ FH 20 G A BT P A8 48 AT LA A5 LR A= AR
P 0 AR R AR T Wang 457 &
B2,4-D+Fe' + GG AN + CO, MER 414 nl
DM RE/NER A K AR T i B R . MeJA 5 HiAth
PO A EAE R AR R A A S TR
B N SA 5 MeJA 4G50 BRI E XA
Y S MRS Me A T4 £ ML TE 41 L 1 = il
FEE A DMEAE A, AT A RO R B A LA A =
w4 2 JF e — 1k ( benzothiadiazole, BTH) 5
SA AR ZFMF WY KA PRI &
FRZ 5 T e Bl i BTH 8 i 4 3 46
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R, tETR AR PS IT &R G2 v (9 L 7 AH X A% 28
KRBT GA AR ERH R w0 Y (1) &
PS I SEBROGRERE AR, W] LB W SN RE A9 4 4
BOR, AW FERW] ETR,, 5E MRS E(r =
0.969,P=0.001) M4t % a & (r=0.966,P =
0.002) JJIEAHK, 45 553 TH G HIY QP {E 11
i, ATRER AR HE TR AN R R AR SCURRR 3R T
el A5, 75 5 PS I K20 O (8 T8, T 2 155
HL TIPS T f%388 31| PS IT 71521 o 2 48 04 B 1% %
AR RN rbel FEIR 5 4 F 9P QP AN
Y(IU) 52 B35 1A G, e — 2D U W] = £y 46 45 388 v LU
T S AN DL S A RIS B et A B R
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( ribulose-1, 5-bishosphate carboxylase/oxygenase,
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D1 L psbA BRI . Rbel, M PH I 1 — 6 fL i
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