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B OEATHARRERRE BRI (ASA) 2T = A 4845 3£ ( Phaeodactylum tricornutum Bohlin) @ &, %
K BEFIARRREBEEF TR AN A RA XA R 6 XK Hra, Bd 5 bR E T &0k &%
(HPLC) VA% 3 %2 % PCR M2 RE HE ASA &350 = A8 ke BoNFs47, LR AN, = ABH
EWAERFEERAREL ASA RE B AR, — T REM ASA IR T = ABIRE @R T, &
EERAFLMAE ASA REMI & 28 LA )G Trheg A4 % ASA RE A 10 mg- L0, BHEZR4E
FTRE,iA 1.78 g-kg” DW, AT A 1,945, ERFRE ASA 5T, 5885 REDERERA
X% PSY PDS.ZDS .CRTISO .LCYB #= ZEP 3 B & ik ¥ Lifl | % ASA JRE % 10 mg- L7 oF, 48 2 K B 49
REAEFMREEZHTHBA(P<0.01), £RH> 54 (PCA) %R &, PSY . PDS.ZDS . CRTISO .LCYB #=
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19 ¥ 0T (fucoxanthin ) & — R F LA T B
FEBE P RN IER IR MR, s PR B
() 10% L B AR SILAE A TR 4R a
458 TEREITIE UG R - R a/c-HA R
A& (fucoxanthin chlorophyll a/c protein, FCP) | 7] i 13
M2 R a KUK BEML 28 26 & i L 1 BE , RO
ARG RE N A R B — A e —
AL B 5. 6- SR LIRS st
SERIR T i B o 2 M A W I, AR TR IRE  HURE IR
o3RRG R LA T Y 20 R (0 A
MZEEA S D R B PR 1 e a5 1, B A —
AW R R S R L BE 8 U Y I 6 IR D 4 4
(white adipose tissue, WAT ) Z& 0044 7= A= i (B EE 2 1 1
(uncoupling protein 1,UCP1) ,fi&i#E i 15 iR 1) 8 Ak LA f2
WAT F 7 54 3 B 0 REE A 175 WAT 2338 19 20
i PR SR Bl 3 1 U5 3R FR L LA B AR il A K P 7
PUIR 5 T, 5 B R A AR R BLBR A e
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Yu S5 R B O AR A5 U 4 T 1L (MGC - 803
0L ) PSR G,/ M3, [ I3l ok e AR s 2 R i/
S0 BT (JAK/STAT) 3l 8% CyelinB1 PR 1) 36
ik A MGC-803 ZHMMIAYIETE . HLoh , WFFERIW e o
JRCRT 75 Hela ZUMI T, Al 10§ i A 35T STHA 21
JRUXF fi 8 SR FE A - (TNF ) AH G B 8 7975 5 BC AR ( TNF-
related apoptosis-inducing ligand , TRAIL ) U | e8Pk
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FARETE B A B T AR s ok g AR R
FEOGAL I = AR FEEE 6 h J5, A i BT RO IR
PEEL 1A R IEAE) A ARV B B R 5 (0.2 ~
0.4 mg-L7") REfem = MlmIF A H & &, K
FiR (salicylic acid, SA) 2AEY) & B VA6 i 32 PE AR 5
GRS R AR MY NN T T2 50
AR A AR B A A TE Bl 5 T SA X = M 4R i
T TR LR R A AR DG 5 o e DL AR AR5
o [ X O = M 4 P BN — E W LK R
(acetylsalicylic acid, ASA) , X i S BT A =M1
BRI AR e B o o i SORH O B R R R kK
HEFTARGIN | LA Sy = £ 46 415 5 88 B 5 1 T 5% AR ]
PR fit—E A B AR IE FIH R HE S

1 MBS

L1 ZRBEENESR

— 845 3 ( Phaeodactylum tricornutum Bohlin)
TR TR S S e = 38t &g
f/2 [ BRI 3L 5% PR B 2l fb ™ KRG 5%, DL 1x10°
cellse mL™" W LA Wk FE 2 AP 8] £/2 WARSE SR 56, &8 T
20°C .62.5 wmol photons+m™ - s7' 12 h/12 h (B¢
) AT R
1.2 ASA 4b3E

FF = fAR AR BELE K X B (1x10°cells -mL7™") |
FH 0(CK) .10.25.50.100 mg- L") ASA %t H k47
AbPH REASAL I 3 41PAT
1.3 =ZABIEREKBENE

1 mL 3G R, 8 d 6800 B XL T 541 AT
WG EETT (S E bibby BHEA A R #1742 3B
TR, 0 R e R WSO i e o TR R ik
FREE IS f AW IS4 Y OD {H, [A] s A XB-K-25 %
3R IHEOR (2 BOROKE B AR ) 15804 1 ok

PN, JE I OD (B35 20 0 285 2 A N7 D' %
WUHT5RE . DA ASA 40 I i) (], Ak AR 22 2155 8
KWMRIEERS 24 h BU 1 mL = f 8 35 3 WOF I 2
OD gy 1, BEA B8 3 A AT, ARIEICE L |H 7 72
ol = TR e R R 2
1.4 EHEAERWER

BEFRES 6 RUNEE = M5 M4, 2% Kim %
A7 BRI = F AR AR R 10 A BE BT, 4°C (52 000%g 5
0 10 min WA AR Y R TR IFAITE IS A TE K 2 B
R ARGEFE 1 h,4°C 52 000xg £5.0> 10 min J7 B
W — R PEEE SL UE A% (0. 22 wm, Millipore ) , 15 15
OB AH 1% (high performance liquid chromatography,
HPLC) Kl , #5 H
1.5 HEERSENNE

FEHAPRIL 0. 1 mg 8 8 BOARfE AL T 1 mIL JOoK
LT R B AN [ v BE AR e i, (5 RGN
Aliance 2695 separations module HPLC Z % ( Waters, 3¢
), Waters 2998 B FEFIAG N &, VEMLRE): SEH
HIE/ K (921, v/v) YEE 30 min, 75 100% H BEUEG 10
min , 55 J5 S/ K (9:1,v/v) YEME 15 min, #ERERE 10
pL KU 445 nm, 388 5o 2 3 B o b o ot AR 20U T
RS R BEAE 05 i e AR €0 5 1 vl ) €2 3 0 O B 1 )
DL 38 B T i o B o
1.6 FEEREHEREVEREXEENRESH

W AR AT ASA AbFE 24 b J A BRI, R T
% (Plant RNA Kit, 3% [i] OMEGA-Bio-Tek 2\ 7)) i Ht
RNA, PrimeScript RT reagent Kit ( Perfect Real Time ) i
& (TaKaRa, Ki%) #4717 5%, >R SYBR Premix
Ex Taq™ II (Perfect Real Time) ( TaKaRa, Ki%) #1775¢
JerE R PCR AR, B AL RS ML (%
1) SRRl — 3 B RE P, A 27T 3 H Y S
AHXS IR

&1 EEPCRIMFT
Table 1 The primer sequences of quantity PCR

FEH Genes S1#F%) Primer sequences

B-actin F-primer; 5'CCTGACTTGACGGACTACCTG3', R-Primer; 5'TAGTTTTTGTCCAGAGCCGAG3'
PSY F-primer: 5'ATCCCACCTTGGACATTACG3’, R-Primer; 5'GTTCACTAGCATCTTCGCCTA3'
PDS F-primer: 5'TTGCTCCGAATACGAATGTG3', R-primer: 5'CACCACCCACGACGATAACT3'
ZDS F-primer: 5'GATTGCCTACGCTTTGGG3', R-primer: 5'GCATGGGCTGCTAAGATTGA3'
CRTISO F-primer: 5'AGATGATGTGACAGCCGAGC3’, R-primer; 5'TTTTCGTCCTTTAGTTCGTTGTAG3'
LYCB F-primer: 5'CCCCAATAACGACAAACACG3’, R-primer: 5'CAAAGAACGGCGTCACAGAT3'

ZEP F-primer; 5'GCAATGGTTCGCACTGATAC3’, R-primer: 5'GTAGGCAAAGTCATCCCACA3’
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1.7 BRERSENERS O

PIARTA MR ASA 4B PSY . PDS . ZDS .CRTISO .
LYCB il ZEP J [R 3 3k f FILUE 3 8 T 7 R/ o 808
£ FIHH SAS 9. 0 et B3k 47 3 853 43 BT ( principal
component analysis, PCA)
1.8 HEHH

% Microsoft Office Excel 2012 #4755 45 4k B
SPSS 19. 0 #4751 K R J5 22 43 #7, LSD ik 47 1 25 1k
22575,

2 HZRE5S

2.1 ASA X =REIEEARE KNI

X BCHA 1 = #4848 B S5 R IS0 1) I8 1l 680
nm , XTEUW Y = MATE I EE S 0D, 2 R A1
FKF BB FEN y=0.009 Sx— 0.000 5(y K 0D,
fH,x A 1 mL WAL R°=0.996 2) , A
1Al #5004 — MR 48 B A K i 2 A L, 1
TR 1~5 6 RYEFFE AR, HAESE IR 6 KT
AR R, KR IR 7 R B A M A SR T
e, 5 CK ARR B2, AN EE ASA Zb BRI = /48
TEEETESE R0 2 R AE KB R I BE 755 3 R X
WIS KRR A R [ ASA S Ab PR R =
A4 48 BE AN A AR IR 2N T CK, 3R ASA HIlH T
=fmTs K,

70 4 —=— 10 mg-L"!
—e— 25mg-L?!
= 60 —4— 50mgL?!
3 —v— 100 mg-L"!
P 504 —e—CK
"
WS 401
2
>
§2 30
5
= 20
3
10 4
0 T T

4 6 8
IR R

Culture time/d

BEl1 ASA X =RBisRAmEKEm
Fig.1 Effect of ASA on the growth of

Phaeodactylum tricornutum cell

2.2 ASA M =ABEEESREERSENZI

HRHE HPLC A5 & 30, B 7 5 FIARE i 7 S g sf i)
PR 13,5 min( B 2) . PUA B R 5 HPLC W&
FUWERIA ) FE R y=0. 107 4x+0. 013 8(y IR,
x R TR AL R TRIVR S LR =0.999 9) . AR 1]
A5 FAS A B i (81 3) 4R s, =i
T A T B AN R MR BE 1Y) ASA B —E R
BYIR . 5 CK AHEE, 10,25 .50 mg- L™ ASA kbFZH
SRS RS R I R E RS T 91%
77% 30% (P<0.01) , {8 100 mg- L™ ASA b3 b5
B TS RIELT CK,

1,003 \
] 3 a
< 0503
0.00 T T T T T T T T T T T T T T T T T T
10 20 30 40 50
0.10 3
2 3 b
< 0.05 5
O.OOEMMW W
0 10 20 30 40 50
- 0.08 3
0.06 3
< o043 ©
0.02 3 A
0.00 3 T . : , : ,
10 20 30 40 50

{5 B i} /5] Retention time/min

W a A PR TRARE S b X IR 5c. 10 mg-L’lASA AbFREH
Note: a: Analytical standard of fucoxanthin. b: Control group. c¢: 10 mg-L™' ASA treatment group.
B2 445 nm K& TEEEFER HPLC

Fig.2 HPLC diagram of fucoxanthin in Phaeodactylum tricornutum under spectrum of 445 nm

2.3 ASANM=AREBEEEEEREVMEREXER
FRiEB R
FEAS AN R FE ASA X = £ #3818 A v 15 T 5 il

AT Rk s, 45 SR a4 s, BEH ASA ¥
FE )38, PSY . PDS . ZDS .CRTISO .LYCB 1 ZEP %:[H
BOAH X 26 35 1 2 5 B S 1 JE /D ) i A, Hop
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3.0
2.54
2.0 *

ek

1.5

0.54

HEREEERE
Content of fucoxanthin/(g-kg' DW)

0.0+
0CK) 10 25 50 100
ASAWE
Concentration of ASA/(mg-L)
e, wx SPIRRE CK AR L2 57 0 3
(P<0.05) ZFi B %E (P<0.01), T,
Note: #*, #** indicates siginificant differences compared with
the and control group at 0.05 and 0.01 level, respectively.
The same as following.
B3 FEIREASA MET=RBIEETREE
BRSENEN
Fig.3 Variation of the content of fucoxanthin in
Phaeodactylum tricornutum treated with

different concentrations of ASA

10 mg-L™" ASA AbFRZY 6 R Rk & ¥, B
W #E T CK(P<0.01) ;25 mg-L ™" ASA AbFZH 6 4
LR Y A A5 3 2 B 3 B, Y ASA YR EE
T 100 mg- LB, K4 H A JE A Y 25358 -
PEAH LR AT SR ik T e A ARV B ASA 5
SR AT T, S B PR R R i 3R
ik AHREAE ASA VB A 3G N, 3 Al T 9 AN R I R e R
Digesz it , BRI AE S
2.4 ZHABEEEREREYEREXEERNER
SO

FI I e BT A 1) 1) 5 25 e B A DG 1Y 5 4
L FREIE , 455 5 PRIV EE ASA AbFE N A5 i
F ) 1, R R AR A A AT E R b AR E T
Foum a5 A EMFRIEE R ST (R 2) , Hid,
H—F L4 (PC1) BTHK 3R (90. 05% ) FEE — 3 il 4
(PC2) BT TTRRAR(97. 07% ) i 85% , LA — F o3
MR Z E R (K 5) . S5 RRM, 28 & (PSY,
PDS .ZDS .CRTISO .LCYB Fl ZEP) 5 5 8 85 & & AT
TEIEM R R, Hoh, ZEP LR % = £ 46 48 3 b A
HOR ORI TR

®2 6 NEMSBITTRR M RIATTRLER

Table 2 The Proportion and cumulative proportion of six principal components

F A4 Principal components

TiH Item

PCl1 PC3 pPC4 PC5
i 22
)[/T fh22 o 2.5107 0.701 37 0.3853 0.237 07 2.275%1071¢
Standard deviation

. 7. 2.12 )

Proportion of variance/% 90. 05 03 0. 80 0
E e 90,05 o7 08 .20 - -

Cumulative proportion/%

HIRE AR E AL BUIE B B AT
A HEERMER, =M Te s oy B e A s
R L2 s | AR A R DL R B i B B T R
HIHE G ( Laminaria Japonica ) | ¥ 3 ( Undaria
pinnatifida) %, H §7 © £ X7 H JF 47 7 ol B BL L 57
FHIPY . SA RAH Y B Y OCHEI R, A Y
ASA IESFAE WSS TIES:, HATEWNAAE A5
FHGE T SA X5 A= K A95200 |, Czerpak R
K] 107 107 107 mol-L™" SA AJfE i#E/NeR 11 4
Ko MR KB AK AE IR e b SA X H A K 52
IR SR P SA 7E 2.5~40 mg- L' LU

J 40~ 120 mg - L™ 4 B Y PN 43 510 = F v 4 8 F1ER
ST AT AR T, B AR S v R OE A
BB T A 22 5, SA SR AR K AR
Wi A G5 — B R (EL AN UR SA A S 5 R 25 Ak B o
Z—, WA AR RIER A A SR AR BR T
T AT B A S LI R B AR S 3 G B, DT 5%
MR A R0 FE  AEAE Y v T T SA
Joi, K32 R T G R B S 3R A R AR
Moharekar %[30] FAARI MR SA Wb /NE 5 ,/E\:ﬂféif%&%
a/b {ABEE SA VLI FH =1 T B, B AR SA 2oz
THIERERIN ST, e, sKmims %5 & BAME
ASA TR T = MAEHE B A ROR, RIEE L3
SA HiH TARERIMBE B4R R a BB R, SR EE 1K
MR (0. 12 g- L) X4 3 a BREMRMER IR, A
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Fig.4 Transcriptional levels induced by different concentrations of ASA in Phaeodactylum tricornutum

RIGZE FAL LT, ASA b FE ) — M 48 48 3 40 f B0 A%
THFIRZ ,10~40 mg- L™ ASA I T = f 46 48 0 A=
Ko RN, ASA REFIHI =M Tt 4R a NG
B, s G E VR S s A M A= 4
KEMFFT R, SME SA BENE A S = SR HE 4 A it
B N R F RGBT R LR, Moharekar
SED IR RI M Y SA AR BN A RN TS, R B
PIRMAE D) IS8 N R & i | i R R R/
AL R L E N, Vidhyavathi 255 Jf] SA kb B
A £Lk e 7RG 45 T, 10,50 F1 100 pumol - L'
SA RBAESEARTT KA B-HAE M RMWA M., SA AR
ICREPEIE T IRISHA B N R FL R, IF gE 3 i b A fL il
G, UM A A B Pt Hu %502 R, ASA
RE .35 M I i i 1) 22 1y SR A A s SR A Y e 1) T

PE; 2800 SA Fl ASA AbFRS A RIAE R, HbT A AL Wy vk 2
FPCE BTS2 TR MG SA kb
SER R I it A A S ( catalase, CAT) | % i A AL T
(polyphenol, PPO) i %A 4k W) 1§ ( peroridase , POD ) Fl1
%Wﬁ@ﬁfﬁﬁ@ﬁ( phenylalanine ammonia lyase , PAL) bR
PR ER G, DL EPUE AR A P By 1k AR 2 4
A AERF AN R B A BN, AT b AR
Fir) & A ASA kB IEIN 2 % ETHE TR &
O 10 mg- L7 ASA FUA B & A (P<0.01)
100 mg-L™" ASA X = ffi #3458 7 3 15 o 35 5t (1 2 el A
B3 (P>0.05), #EM 10 mg- L7 ASA fE RS T,
ok S5 M S5 B T RO AR T A I R SRR X e
BTG AT AR 2 — 2D AR o k. 100
mg- L™ ASA T REXT AN AE AL A, i B BT 5k
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Fig.5 The principal component analysis between the
contents of fucoxanthin and gene involved in

pathway of fucoxanthin biosynthesis
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BHREA B R R, AT, 855
WAG Y ZEP K& K0 5358 08 o 8 0T ik B2 e i, ASA
X = AR A A R VR, R B
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Ay F 05 WO AT T AR, Ry A 3 3 0 1 A ™= 5 e 4
HET IR

4 it
AFFFIRTE T AR ASA i 5 0F = £ 18 153

AR MR B T I S, 45 R S 7N, ASA AR HEAD
i RO = AR A AR K H 10 mg- LT ASA X =

PR B T R AR A DG T (R Y 2k BA e
HEVEHT, H. 10 mg- L™ A BREH = ff Mg rh s e e T 1%
I TR HR AL R ASA R REIE i SR — e
B B AR U HE D ) 208 DA TR o B B A
o AES R AN S TR = AR Y
HEEH R R K THLHEEE T —5E i BIE SEAl
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Effects of Acetosalicylic Acid on Fucoxanthin Content in
Phaeodactylum tricornutum and Its’
Molecular Mechanism

ZHANG Li GONG Yifu" ZHU Shuaiqi LIU Hao LI Shenrui XIE Zhihao WANG Heyu
(School of Marine Sciences, Ningbo University, Ningbo, Zhejiang 315800)

Abstract: The objective of this research is to investigate the effects of acetosalicylic acid ( ASA) on cell growth,
fucoxanthin accumulation and expression levels of genes related to the biosynthesis of fucoxanthin in the model diatom
Phaeodactylum tricornutum. Growth rate, fucoxanthin content and gene expression were detected by spectrophotometer,
high performance liquid chromatography ( HPLC) and real-time PCR respectively. The results indicated that fucoxanthin
content were closely associated with the concentrations of ASA. ASA at a certain concentration suppressed proliferation of
algae cells. With the concentration of ASA iuncreased, the content of fucxanthin was first increased and then declined.
Notably, the content of fucoxanthin in Phaeodactylum tricornutum treated with 10 mg+L™" ASA was the highest (1. 78
g+kg”'DW) , which was 1.9 times as much as that in control groups. The expression of genes (including PSY, PSD,
ZDS, CRTISO, LCYB and ZEP) that encoding pivotal enzymes associated with the fucoxanthin biosynthesis were
increased following ASA treatment. In particularly, the transcripts of detected genes were significantly up-regulated under
10 mg-L™" ASA treatment when compared with the control (P<0.01). Principal component analysis (PCA) indicated
these six genes were positively correlated with fucoxanthin accumulation, therein ZEP exhibited the highest contribution.
In general, proper concentrations of ASA induced the expression of genes responsible for fucoxanthin biosynthesis and
increased the production of fucoxanthin. The present study provides a theoretic basis for molecular mechanism of
fucoxanthin biosynthesis in Phaeodactylum tricornutum.

Keywords: acetosalicylic acid, Phaeodactylum tricornutum, fucoxanthin, gene expression, principal component

analysis





