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Abstract In order to study the correlation between the fucoxanthin content of Phaeodactylum tricornutum and its
photosynthetic physiological indexes, different monochromatic light-emitting diodes were used as light sources to
treat P. tricornutum. The fucoxanthin content, photosynthetic physiological indexes, and the expressions of
photosynthesis-related genes were detected, and the correlation among the indicators was examined. The results
show that purple light can significantly promote fucoxanthin and chlorophyll a production of P. tricornutum
(P<C0.01). Under red light, the value of Y (II), maximum relative electron transfer rate (rETRmax), and alpha
readings of the algae cells were significantly higher than those of the control group (P<C0.01). Under yellow light,
the nonphotochemical quenching value of the algae cells is at its lowest, which was 63.45% lower than that of the
control group (P<C0.01). The results of the quantitative reverse transcription-PCR show that blue light is more
conducive to the expression of the rbcL gene. Under red, blue, green, and purple light conditions, the expression
level of fepB is significantly increased compared to the control group (P <C0.01), and the expression level is
increased by 5.4 times under red light. Combined with Pearson analysis, the content of fucoxanthin was positively
correlated with the rETRmax and the expression of the fcpB gene, and negatively correlated with the expression of
the rbcL gene. In conclusion, the synthesis and accumulation of fucoxanthin can be promoted by improving the

photosynthetic efficiency of P. tricornutum, which can be done by regulating the parameters of rETRmax and the
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expression of the fcpB gene at different wavelengths.
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21 ZfABEENERRLE
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(R0 B Tk B R0 ) £/ 2 KGR b i TR
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JL A K Tk B 48 B, il 4T (620 ~ 660 nm) | B
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TR BB PRI AR, R A R B
R G S 9 A (F ) 18 2 200~600, 88 J5 43 51
DA AN ik w6 [2064 pmol/(m? +s) 0.4 s JHIEAE G
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7 PR 1T £, 13 A RS AR Ok s 3 L B R AL
IFIE 2 60 s, PREEHE L T R A P =PAR/
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25 ZRBEEXGERARXERNRIX

B 80 mLL,2800g IR 2.0 10 min, SR )5 F
FHAE ) ¥ 12 $2 U 57 & (Plant RNA Kit) 42 B
RNA, H Takara PrimeScript RT Reagent Kit X
A RNA #EAT S8 5% /E 8 RT-qPCR AR .

il 14 NCBI( National Center for Biotechnology
Information) % 2 = 1 #6 ¥&§ % 6 & 18 F AH ¢ %
Rubisco & WUFIE K (rbel) VH B E Z- M EEA
ARG WRIERE (fepB) e RS 11 N H 0 EE
D1 HEE A (psbA) RS 1 P700 M4 R &g &
P (psaB) , f#i F primer 5.0 ¥it rbcL | fepB .
psaB . psbA X VWUAS A VR A G B 1Y 51 4 (R
DL PA Bractin FEH NS BIEH CEES Y actinF .
5-AGACCATTATGAAGTGCGAT-3", T 51 ¥
actinR: 5-ACCCTCCAATCCAAACAG-3"), Fr
B R A T A TR R B A R A F A
. RT-qPCR 2 Wi #& & 25 SYBR Premix Ex Taq™
(2X)10 pL, BT W54 0.8 pl, Jo H A ZE K
6.4 pL MR 2 pl, 3k 20 pL WK R, RIGH KT
RA) AR ER 3 R, RIBFWF .94 °C fHids
£ 3 min; 94 “C7AEPE 30 5,55 ‘CiB 2k 30 5,72 “CHEAff
25 s, ¥4 40 MEH ;72 “CHEM 10 min; 16 C A,
B 27 200 O A R AT T

#1 HEBIEHETIY

Table 1 Primers of target genes
Gene Gene code Primer sequences(5'-3")
TATTAACTCACAACCCTTCATGCG(F)
rbcl KY751726.1
TGAACCTTTAGTTTCACCTGTAGC(R)
ATGAAGTTTACCGTGTTTGCCT(F)
fepB 724768.1
TAACACCTGGGAGGATGTTGACTC(R)
Caggtegtggtggtacttgtgatat(F)
psaB KMO009805.1 sleaineies B
Cgtagccageccatgatgtaatttg(R)
Caggtgtattcggtggttetttattct(F)
psbA KY751725.1

Cgagagttgttaaatgaagegtattgg(R)

2.6 HiEAIE

FI A Microsoft Excel 2013 &4 %t B 35 gk 47 &b
B R SPSS 22.0 B F 3R 47 B4 1Y S 35 1 23 A A
Pearson M ME T, % P<<0.05 INE N B EE R
(%), P<<0.01 AN EFRERC(x %),
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Al F 2R 3R a B 5 3 28 AE 680 nm Ak 164 JE (H
HA B AP AR PE™ (R*2>0.990) , P e = £ #8453
VRN L0 HUR AL TR OSE AR L0625 0F B R 4 i 2
EV ST S § ST NP 1B e B S i b
MR BT R T AR BLR

3.0 ®

-1

L
oo
o o
T

Content of
(2]

chlorophyll a /(mg-
S ==
(=}

a
T

(=]

Y
Different light qualiti

(9]

S
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Fig. 1 Effects of different monochromatic LED light qualities on the production of fucoxanthin and chlorophyll a in

Phaeodactylum tricornutum . (CK: white light; R: red light; Y: yellow light; B: blue light; G: green light; P:

purple light; * indicates a significant difference, P<C0.05; * * indicates an extremely significant difference, P<C

0.01). (a) Fucoxanthin; (b) chlorophyll a
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M2, 25 Jan 36 2 i . = fA 4B F5 BE O A0 Y
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41(P<C0.01) , W = f e 48 ¥ T/ i 2006, O B
FELLCAERTR . = M8 48 i b i i 2 22 0] LA 850 b
Wl er o, ad RCs 3+ YD . rETRmax, J6 g Fl
FHRCR S | e A SR 3 PSTT B GAL 22808, e 8
o B VBRI AR B A YD .
qP .o #B 5 35 & T 6 B4, Hod O T B A i Y
NPQ {H A, Xt B AR T 63.45 00 (P <<0.01),
FHTEFEOGRSMET = A48 5 5 o 40 i BB 7R 47 1t i
W Bt HLH ™2 1 37 R o B KOk YAk 2E e
1M AEFBE , DA T A6 AR R R Bk e T O AR AL

OGN IR, = A 4R B NPQ [H 76 T A Ak 3
AP R A Y X T R R Y O e EL ik
WG T P A R T AE PSIT Y RCs 2 9k
RPBARBE T T R T A e 48 B 6 R
GIN R

MR A, i FLOLiE 2 11 b 75
PR I 55 B i 19 210 5 | R 1) b 2 B g R0 R K e
D RN R4 Nl S N = I I (=1 11 O
YD .rETRmax. o K it 16 B 21 5% BEAR 47 1 55 Bl
SRR SR a 8RO G R I IR S
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e i TR GRS TR S
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Table 2 Effects of different monochromatic LED light qualities on chlorophyll fluorescence parameter

expression in Phaeodactylum tricornutum

Light quality YD qP NPQ rETRmax a
CK 0.352+0.025" 0.692+0.028 0.1454+0.009 38.490+2.673 0.2274+0.008
R 0.514+0.006 0.75040.038 0.1274+0.011 45.2354+1.630™ 0.289+0.006 "
Y 0.503+0.013" 0.55540.025" 0.053+0.005" 34.083+1.210 0.2594+0.007 "
B 0.393+0.006 0.71340.016 0.152+0.004 37.566+1.291 0.265+0.004
G 0.511+£0.011" 0.66940.024 0.082+0.018" 35.083+£1.765 0.2374+0.004"
P 0.4854-0.007 0.59340.051 0.0634-0.010" 39.138+1.840 0.245+0.005"

Notes: " represents P<C0.05 and " represents P<C0.01
A I TG AE R R R B R R
200 6 P 0 AT A P e R R 4 43 2 A e
33 AEMN=ZABEEXSEREXEERREN

=AU

K H RT-gPCR £ AR WA A6 Ak 25 = f
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1 DL, PSI P700 M-%% 2 #5451 & LA ¢,
K 2(c) & 2(d) fif 78 i RT-qPCR 45 % & W, PSII
F1 PSI AH G K 3R 38 M 350 J, FE 86 41 F .
psaB FEKAY R B WP E A (P<<0.01), W&
K afEN PSILH RCs MEZDEE G R  fELE
MR R LA IR BT 60 %0, Ui B 4 A
e R a A L B 7E — 8 B2 JE B X PSIT v
it

Zhang FE5 3@ 5 A G Ay AT UE SE T AL Th Y
PSIT F PST {& ME7E H % 742 4k Fn 2= 745 48 fk 22 [8] B 55
_(b)

abundance
(=} [\] >~ (2} o]

Relative transcription
AR
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ae]

*k

[ (D

Relative transcription
abundance
S = DN W s W,

CK R Y B G P
Different light qualities

2 ARG =AML ERMECERE RN ER(« BB EEER,
P<0.05; * » FRWMBFER,P<<0.01), (a) rbcL;(b) fepB;(e) psbA;(d) psaB

Fig. 2 Transcript levels induced by different light qualities in Phaeodactylum tricornutum ( % indicates a significant

difference, P<Z0.05; * * indicates an extremely significant difference, P <C0.01). (a) rbcL; (b) fcpB;
(c) psbA; (d) psaB
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FEAE . 3 0 e PE A OC, >k B PSIT A9 L U X
PSI YAl A 5 B CEZEMIEMDY . Ny PSI
B 52 AN AR T 3 o R JE PSTT ARG 35 4 ok BR il A
PSII #| PSI 4 H 13z ), s 4 o] 5 o 42 iF [l 48
PSI B 1 3 B+ iy iz (CET) sk 8 i PST #4935 1 315
P PSII f 2z 64l ), Btk PSIT A1 PST (49 AH B AF
SR EL, EARF RGBT, psbA FEPIFRIKIKF
B IS, 0 psaB KN AEGE G4 MF F B9 F£ A
B FE EFF(P<<0.01), Johnson %N i 1 5%
KIL/NEREE PSIT Y RCs e ik 564 E M
TR BRI R, Cho 25 (58 45 R £ 8,
psaB F psbA FFAE b 7, H AR AT AL 21) 08 $2  v
oA K AT RS54 rocl 3R H ALY T4
P 2> T8 B A TR
34 ZHABIEEXEAHEXSHEEREEEZSEN

XM T

At Pearson - HrFE T HB B R T E
2% 229G S R G A VR R R 338 A DG M L 45
mEk 3 FrR, AT HEE RS E S rETRmax (A
K ZBHN 0.539,P<C0.05) ., fepB I CHIK R ECHN
0.580, P <C0.05) &t &l 35 1F A1 5 . Uk W AH X oL 7 4% 3
R I S 35 BB B G AR TR 0 R 4 X

HESRALEZW; M5 FE a. YD ZREKT
0.1°  REIEN 54 W £ & B M e N b 4,
B ESEY bl EHEIKX M LREE N
—0.650,P<C0.01) 5 i AR C , U BH rbe L FE P AE
Ry A A F B B G B 5 B DR, XA B R
G A TR BRAE T s qP O NPQ. pshA Z B 26 % (E
KT 0159, 5 55 B8 220 1k 1 A DG 52 v 45 67 AH
Ksa M psaB BIHERZB/NT 0.1, RAX NS
LA R O O A G

FEABKOE b YO /E s R R R B [
JERETE MR E AR OEE A Uk bl 2K o
P Y L AR YR 43 PSIL, Cyt b6f #1 PSI, fi% 5 1%
% NADP J& il NADPH, 12 ¥t 6 & 7= 91 09 4= i .
TESTFIKFE L, fepB R PAEMN GRS ERE
BRI A B AR AN TR 5 B BT A B 2 S
HMEIFHER,

IeAh A R R TR A E R AR .
Z 500G ERT PSIL, 454G 06 700 & 3, A W)
A T A EE R SRS psbA K
FIRIKEAR— 5, B 2 ARG DA B R
VEN R B K26, Hol R BB I A & Bl il & 3%
HE/E T PSII A Y RCs,

R3 OEMBIWEARE R G E G RRIOCSE A A SCIE R 59 A SC 12 B

Table 3 Correlation analysis of fucoxanthin content with chlorophyll fluorescence parameters and

photosynthesis-related genes in Phaeodactylum tricornutum

Iterm Fucoxanthin Chlorophyll a Y(ID qP NPQ rETRmax a rbcl fepB PpsOA psaB
Fucoxanthin 1
Chlorophyll a 0.352 1
YD 0.310 —0.152 1
qP —0.188 0.007  —0.148 1
NPQ —0.257 0.293  —0.715™ 0.677"
rETRmax 0.539" 0.636" 0.047 0.444 0.377 1
a 0.004 0.502" 0.472"  0.396 0.097 0.511" 1
rbcl. —0.650™ —0.650" 0.055 —0.147 0.406 —0.449 —0.397 1
fepB 0.580" —0.145 0.050 —0.410 0.010 —0.410 —0.551" —0.145 1
psbA —0.431 —0.431 —0.473" 0.096 0.438 —0.470" —0.744™ 0.675™ 0.418 1
psaB 0.007 0.007  —0.858" —0.171 —0.598" —0.431 —0.259 —0.462 —0.281 0.033 1
Notes: * represents P<C0.05 and “* represents P<C0.01;n=18

404k

FE AR BRI 2056 A0 5063 e e 1 = #1445
BN N B R YR T IR I AL L L SO
HM2 R a a1 H REREEER. 456 %%
WS HORE . MR BN NPQ (e e E T
g A F T B A RDE IR R A RS =

AR B R SR a R AT LU 0 R IR
Lot IR G RGP RCs #2715 3 %

1553 T /K b WG B A 7 56 & 1 F ik 52 10 AH
KIEH rbeL BYFIE  LLGRENE HE = ff 18 45 B T 204l
YKL Feps B AW fepB N FRIL, NFIEHE
FHTIRS 1L M LI psaB Fl psbA 3Rk
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PIE TR ZEMCHE, S = AR s R R &
AL 325 VR FHL 4% 33 3R SE Bl 5 AR ) 3
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