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FE O TSP R ALEE X S5 B2 S8 R AR AT T 20 A B, 26 T 2R P 60 F A D B T Y645 i Gl o5 R I I
AERINAEL R SR DOE & PCR FARME T S H R G W (firs 4 PySAMS) B Y FRIAAL,, 458 /R Bk
A 5 I A 380 52 30 3k BE VR /K 1) 08 35 5 i, B 0 B2 A 380, D645 T SRR TR A, I IRE S R B I I AIG, m ER B Vg
JKX PySAMS J [H ZR 35 Al = A T 520,40 A1 50 £5 8 1K 5 T PySAMS 33K {H 60 ZF 80 Fh 3 1 /K A1 [R] 72 1 #h
T PySAMS ik, HRIMHEIN 7 0] 458 o 3 B Mol 380 Bof S B 4R SR R AACHE 328 25 B AT AR P T AR DA B R RORER
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Photosynthetic characteristics and SAMS gene expression in the red alga Porphyra

yezoensis Ueda under high salinity

ZHOU Xianghong'*, YI Lefei®, XU Juntian®, LI Xinshu®, YAN Binlun" "

1 Jiangsu Key Laboratory of Marine Biotechnology, HuaiHai Institute of Technology, Lianyungang 222005, China
2 School of Marine Science & Technology, HuaiHai Institute of Technology, Lianyungang 222005, China

Abstract: The intertidal red alga Porphyra yezoensis is an important marine crop which has a high stress tolerance. The
salinity of the remaining water on the surface of the P. yezoensis thalli increases significantly during emersion, however,
thalli can survive this severe osmotic dehydration. In order to investigate the mechanism of high salinity tolerance in
P.yezoensis, the effects of high salinity on S-Adenosylmethionine synthetase ( designated as PySAMS) gene expression and
photosynthetic characteristics in P. yezoensis were determined. At first the thalli of P. yezoensis were subjected to seawater
with high salinities (40, 50, 60, 70 or 80 salinity) for 1h. Then the oxygen evolution and consumption in cellular processes
of photosynthesis and respiration were measured using the Oxygraph oxygen electrode system. And the relative mRNA
expression levels of PySAMS gene were investigated using the real-time PCR. The results show that both photosynthesis and
respiration were significantly influenced by seawater with 50, 60, 70 or 80 salinity in P. yezoensts thalli. The higher was the
salinity of seawater, the lower was the oxygen evolution rate, and the lower was the oxygen consumption rate. The PySAMS
gene expression was also influenced by seawater with high salinities significantly in P. yezoensis thalli. Seawater with 40 and
50 salinity induced the expression of PySAMS gene. However sawater with 60, 70 and 80 salinity repressed the expression of
PySAMS gene. Based upon these we speculated that P. yezoensis thalli reduce the metabolism rate gradually to survive the

unsuitable environmental condition when thalli suffer high salinity stress.
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Key Words: Porphyra yezoensis; salinity stress; S-Adenosylmethionine synthetase ( SAMS ); gene expression;

photosynthesis ; respiration

ZRBEEESK (Porphyra yezoensis Ueda) J&£1 3 ] H B —Fh R AL, /B M BB 0 B 28 2 R Frh R K
YL LAAE | H AR Fine ] 5 3 i X3k, 2008 4F 17~ & 2k 5.5 ﬁﬂfEJFE FA(EIE 134236501, KRB AR
BAB S E MR, & B RS EARRME, SRBEEFEM- R A A T, B T8 % A8 4k H:
BRSSP M2 D 1 th S K R W ) ] BB A7 1 3h 4 | /EiV JKAy JCRRRR AN AR LB R B Z AP EE
AW aa ) E R AR A T A (A AR B S SR AE SN T R DA A TG R I AR B R SRR R B A T 2 ek N e
TG NG R T 2E ATz 2%

R 32 % “Wﬂﬂiﬂﬂ’]ﬂﬁ%ﬁnﬁﬂ’] L7 Y, 4 AN SR LA R i 2 B0 R H T E A S B

TESRAEER BE A T A — A RN A AL AR A E B Ay i B SR B b0 35 ML ZE e T A, 45—65 #h
EE’J7J< B AR SSER B B m A R H 2, RIRh & $h i = 1 BR Bk S Ak 7 M 9 I Y 2R3 Bl
JETN RSB H HIETER R GIERD L 7R 1/16x—1IxIKIE BN L0538 (P. purpurea ) W15 385 V& 55 7 21 3%
BEH (floridoside ) 7 l‘ﬁ%ihfﬁﬁﬁkﬁﬁﬁ A, 7R 1 x—3x 387K U Bl PN, 20 S0 1 2 1 Bl o 8 3 A 185 o 34
It FE 9% AL NaCl W T 4 Fh g2 M 6 R Je 20 T B S5 2202 T R, b bhaa iR 5 et sior e 2
Eﬂiﬂ)ﬁéﬁ 12 FIE, S a AR, Ho 2 FpE AL 555% (P. suborbiculata F1 P. pseudolinearis) WAL #3105
Lt 2 A 532 (P. seriata 1 P. yezoenus)ﬂ"]V)?E?%H% NIRRT R A RGN R 3 A

SN EE3E (P. perforate) BEEVER

A RT3 P N AR T 2T PR AN AT A3 TR R S A B 58 AN R A9 2R 0 R FHAS TR A= A 3R . I
FERMEY) R F R B 2 288 B Rl L H AR 1Y T R EREE AR R Ak iR AR CERIR , 2R 58 LIS 5T, DT 9
DIK G ZE LA CIRES b TE SRS I WERE L G 0 2825 DL —FPFR Z R Bat 2 (eryptobiosis ) AYARHR
HLTRIR R X 0058, >4 A5 AR | e A e T, B AT 5B AR A AR | B0 0 5 2 45 0% 3l 1 T sl 5 B
B VEAE IE , MBS S — B S B S B R B35 SRS BN TR T, G2 s SR oK =
ik 95% , B AARNSAE AR , BB BAR AR o0 445 1b , B AR 5 g SO0 RN R B 11 46 (R 3 4 e 56 A 235 g 4 18 43
E | RACRE T E LIS RE I R A8 AR AR R DL R TR A

oSS0 T i R % IR AL B L B8 B R R X B A AR A IR TR AR DR e S A T RER T T 2R LR A
PRERAIL R B 00858, IXRE B AT TR REAE A 43 B AR 2 e (IR R, iX AR NS A B U, ik, ARSI+
FAE PR JZ T LR THIE 78 AR FUKY b 32 BT e h B e X 25 50 25 5O B T S WP IR ALY 52
TEF 7K b S v R B e X he i B RS-t FH A 202 5 1 ( S-Adenosylmethionine synthetase , fiii £
i PySAMS) Rk B2,

1 #REFE
1.1 ZRBEEESEMHIRAACR 2 e i ae Ak 21

BEZESEMRAR T 2012 4F 1 A & =W X 1Y ST R 5 S U@ BRI 5 98T A 2 emX2 em K/,
%?%? 30 £hE A UEE K F I SR IR 8°C RS 100 pmol photons+m™s™ SEEININ 121 :12D,24h
SR, BRI KR ES BhgR sk, R 1 RS RAKR 2 51 i # 21 30,40, 50,60, 70 F1 80 £R Wi K rh
PEATER r“ i AL B A PR TR H Y 10:00—14:00 Z A HEAT , AR B 3 AN HEA AR IR Th J5 IBURE
1.2 5% iﬂfﬂiﬁij'ﬁ/*%@mh@']

ﬂtﬁﬁ%k%*&/z‘?{ﬂ'ﬂ BEESEM AR TEER a8 I A a5 BRAR R #5100 05 1, o A AT 4 1L
Eﬁ @fbﬂﬁ i’%‘%ﬂﬂﬁﬁ%%j‘ﬁﬂﬁﬁif XE?@ 400 mol photons m > I;Hﬂfﬁﬁm rﬂﬁlnjng/J{Eﬂﬂ({lw'I%{m ZE/mEE
il 7E 8°C . Oxygraph VAR FELAR AL B AF A S B AR UL 5647, OF LA 1IE U0 5 Z AT 678 8°C Fim
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FERHAR . AR R P8 AL B S BEAA IN Fr 2) 20mg i B A HUR SRR H B SO A S5 A A L E Y
KUK PR R VA B0 5% RN AR U B ] R RR i 2k . B e s 15 % 01 4 SRR S8, DAy i
PRI 588 5 SR 5 FRAE DG IETR 35 R I 0 skl e , DAL E R e iR e A B

1.3 ZRBEEREMRAR PySAMS 3[R 3¢ 15 (A6

&L RNA #1322 18 TRIzol 157 (Invitrogen) BB 51T, 42 /5 U RNA #2 DNase 1( Fermentas ) 15 B 45
TFRb3R | D) sRE S 5k B2 AR A R P 4 DNA B2 5E B PCR 45 SRR vEafvE . i A% R 25 11 8 1% ( Bio-Rad ) K&
B RNA A4l EE KOk B FL KRB, RNA 1 58 8

RAE 5 & WA ST ) PySAMS i [H ¥ 51 ( FJ404748 ) ¥ i E & PCR 51 ¥, iE 10 51 ¥ 2 5/
AACGAGAGCGAGGACCTGATG 3', [0 5191/ 5" CGTGCTGCGTGCTGATGAC 3", il # = # K 199bp, &
TR 205 2 ()5 e 18S rRNA 51 ( DQ666486 ) 1F 2 BEAT EREIR 224 1E Mibr 4k, HoE & PCR (%)
EMG#)/2 5" TGCCAGCACTGCGTTCTTACC 37, a5 #)/2& 5 AGCCTTCCGACCCAGGACTATC 3/, Tl 4%
FEIK 163bp, FFA S A T AW TR (B A RA RS,

LI Oligo (dT) A1 Random 6 mers H514, ffi H PrimeScript® RT reagent Kit( TaKaRa) #4176 56 i . 7E
1Q5 PCR {¥(Bio-Rad) L i#F475EH 565 i PCR W, 25uL IR VAR R AL 12.5uL 2XSYBR®  Premix Ex
Tag™ 11( TaKaRa) ,0.2 umol/L B0 5 A 2L S5, R PCR AT 4 RIE % 95°C TS #
Imin; RJGHEA 45 MEI  FAEFR T 95°C 281 10s,62°C FEMH 30 ; EHLE H T, A 55°C 2518 THE 3] 95°C |, 1l
IR o RIBT IR DL 10X R 9 B 1 S e 538 7 ) Bl ik A 75 1 PCR, LATIAE PySAMS 1N 2 1 b o it
2k, BRSO AR E B X BE R TCASAR  FR  AEA n E 3 AN E AL
1.4 HdEor

7 PFAFFL™ 7 RS R 52 B PCR AU b 4T A0 B, AT 3R 45 PySAMS 76 A [R5 BE R A A X 2%
IR 5 AT AR IR AR R L g S e i B /N AR I FERY O, iR BAAT T A B R SPSS #7481t
M, AR bR 2 KR, O LR AR i T IE SRS 255 ARG I8, T LA 4[] 22 5 R B B R R Oy
25107 (one-way ANOVA) A1 [H] 2 LLHR A Ducan K55, P<0.05 378 25 57 0 3%

2 RS54
2.1 FRBEESRMRIASE SRR

PR 30 R BEHEAL & 40 R A K T G 3% 1h I, B AR 197.3umol0, ¢ B F - h™' TR
182.2pmolO, ¢ ' F <h™" 5 HAR 40 R T IHCEACRRA REIS (FUE 5 30 $hE o B #2557, s Eh % (50—80
EREE) (T K S A T EER DB E U E R TR R 149.7—118.2umol O, ¢~ E . -h ™' [l 1 H3h B
M AT EEAR (B 1) o SR R K B R BRI 5 B ) AR A A T A E AR L, 7 40 $hBE
KA T PFIRFE AR S 30 ERE A LT AR, EHFTE 22.6pmol O ¢ BT -h™ A4y, B 3 (50—80 %k
JE) AR U] S M B T BRI E T PR AE R TR 15.1—12.1pmol O, ¢~ S - h ™'Y [, 17 HLAR A
g, PR AE AR ARG B e B i T 22 5 (1)

e R BE U K B AN [ R M0 ] T AR e S R AR . BCRCR BRI R W SR A DL & T R, #E
SAL R AT I A A A B R I R I S0—80 R B AS ) T3l (A A K T L 56 8 R DU S il
2.2 FRBEESEMIRIR PySAMS LK KA

TR A B Sk 2 45 A FERAE A — 2 TR 4 RNA T 0 5 22 [ 5 5 PCR U W B B, A
SIS PR BT B RNA SR BN Asg/ Ay I ELEA T 1.9—2.1, A/ Ay I HLIE AT 2.0—2.3, 1T H.
253 BN MBI L UK St I 2 L T A 28S T 18S rRNA 4575 L M — BB 4 0 2% rRNA 4571, L iR4h R
B RNA A I BB A0 Ao 2 55 5% B, B RNA R B 3 LA I R, E— 25 19 DNase |
AEFEVERR T B RNA HER R A DNA, RIE AL RNA Jdg o] DL S5 225002k

PySAMS FE K (14" 38 i S AU A« S” T8 | FELT- B 8550 X I I 5 2 ik it 4 (00 S /s B — 1) AR 0 5 e o i
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fm g 25007 4 &&; 3000 4
& £ 20001 a g 250 a
o 2 b b b Ty B 20.0
& 2 1500t . w g 20 b b b
= 3 © 3 150 b
E 100.0 s
£ g £ g 100
< 2 500f < &% 50

30 40 50 60 70 80 ¥ 30 40 50 60 70 80
X ®

SR Salinity hE Salinity

1 FHEXMREESRREEBKES 1h BRXEHNE
Fig.1 Photosynthetic characteristics of P. yezoensis thalli under salinity stress

V&l v 28 K 2R 0 - B AR EDE (n=3)  FEIE B L ARl 5283878 22 57 (9 . 25 ( P<0.05)

IEBE R 3.45, 5 HRBOR A 95% A REUE 0.998 M XT B A TCHRIAR X HE A4 3 il 2 25 S /KT EL AR,
SEALIY SRR AR T XSS5 - W Sk, TE R W) R AR R AR R e Y iR T i T
Wik,

FE TR PCR 455 /R = R BE (¥ K X PySAMS JE A
AARXS ik A W m (] 2) o B AR BE Sk

20 ¢ a

{REERS % 40 FRIEIK F SR, Ih R RIS PySAMS B w2 [ b

VAL, RIS R 30 I T 158 5, 2% K20 -
S, 50 BRI h 5 WK E PySAMS £ B2 |

TR, AFR R 30 ShIE TR 1.43 1%, WEskhE 2 m m
(60—80 £RJEE ) ¥ K315, PySAMS f 22 ik ik AR {H 13 T T w w0 w s
A FHES ST A )RR E 1 F e, J2 30 265 F 19 0.70— I Salinity

0.73 15, HEz xR 0% 2 EBEESEMRGS PySAMS B E7E 5k B TR Rk &
3 'iT.I"L/I:\, Fig.2 The relative mRNA expression levels of PySAMS gene in

P. yezoensis thalli under salinity stress

ﬁ'ﬁﬁ'ﬁ“?%{"ﬁﬁﬁ%*ﬁ%ﬁiIj\]illfﬁ'ﬁgﬂ/‘]ﬂ:}ﬂﬁﬁ% T B R BRI AR S (n=3) KR L RS R R
5 59 % B RERBE L, DRSE VISR oo
PRI R RE MR A% 38 R O S5 A Ll s 3 ae T 2
TR I R SRR A & i W R R N RIIR DR & i BRI AR R AR T R 1 i T e RS 2
FEORIEERY LU B0 B ARHESN ZEEL K, R HES ) T ) el | B AL 0T 2 BRI AN | 2R R 1 1B
A5, DT RRARR T A X D' 1 A RO M A% 388 AR, (8 & BEAS B R A% 3 N AL, B AR 1O Re etk 2k
YL SERERIRCR IR AR TR RE L AR SCHFFE S5 Al Won T Um0y | BIVER 3 s o e A6 &
YEFR R B8R (18 1) .

WP AE HIA AR 00 2B A 0 SR BE IR S BE 1L, Y AR A ) A 0 0 3 4 i e i s M W) AR R e 4 6
UL K A LB 2 8 19 W) R 3 7 SR AR L 38 25— R 9 i R R E VA AE R R o, DR I ARk 2 R 38 T 5
0 P R B A P R 588 3 3 2 BT, O 7 B R B A R S 2 AR R AR SO g 4 SR AR Y
WEAT AN, ARBELE SR E IE AR KR B IR FIAE 19.6—32.8 Z[H)1S) [tk 40 #h 1 O )R 4 2 £ 1
H ., ERARER I R AT A FH A TR R (R AR B AR 3 (40 ER D) JT A HG hn e oA g I g i B (A
1B) . SRR AT R sl 52 0 B A LB, 40, 55 32 NaCl v B2 i 8 5 | R & IR Bk
( Nostoc flagelliforme ,fEFR“ k32" ) BEAR T WA FH B BEAIK, 76 0—0. 1mol/L NaCl Z5 14 T, PP IR 4E+F7E 3. 57—
3. 60pmol - g™ h™" | — HLER BRI N 0.2mol/ L NaCl, FFIGIIH R B 28 2.44wmol - g™~ h ™", Tfij FL 3k B =5 I 0 4 FH
BRAKS L B 1.5mol/L NaCl 3535 09 [R5 3 ( Dunaliella salina) ¥ 2 2.5mol/L NaCl H14% 3% 20min , FEI 1
SUATE 3 2
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SAMS FEAE PR N AESL ATP A1 L-H B 220 R S i A 1 S-Hi 1 Y B 240 R ( S-adenosylmethionine , SAM) , SAM
VER B PRI 2 505 T 3L e m ML s 365 S SO AR I 20 22 Wi 3 SR I IR A
SRS X T S S A Y X 1 B AP AR, P SAMS ZEAE W A BT I e R v R HE S B
KEFAH R SAMS JE K AR SZ PR B0 A9 S22 | I B FR5A SAMS A fil Bt v 7 2 [ R Wy A e 300
SR SRR ( Gossypium hirsutum ) HA 3E ( Undaria pinnatifida) ™ 55 3 6 i 2 1 4 FEE VE 525 1)
SAMS —#F, PySAMS Z 2 0 ()i S 20k, {HIE, PySAMS A & HApk iy 28X | BITE 40 F1 50 £hEFmt
PySAMS 5522k i, 76 07 B R (60 .70 F1 80 £538) il FABGAE S (# 2) .

R AR KT LB 30 & 40 VUM ABEE SO A 5 AE YR Z 52, I8 A1
40 FhEE YA FFRIAN PySAMS IR RS 544 T AN IR R , HE M AR 6 & 5 WP VR F 0% 1E 8 61T,
TE 50 $HEE R, HiAR PySAMS #i7% T80k (HE PySAMS S50 3 K L K 35 385 18 15 4 o ] BEAS I DL 245 P 3R 05E
PR, T RIS SIFRAE A Z 8] T E M ryamdil . 03 (60 2 80 b)) T, BAKALH SIFIAEHI LA
I PySAMS R F kAR 22 2 T B S 301 5 6 A8 FH A0 0055 K 422 5 Wi B A A 4 WP IR Y A 0 559 0 L 32 0
/DAL N RE R A A, PySAMS 223t sl A0 T 55 A R 40 M P PR BRSO BB ) o X S BRI IE T AT A 4t
W, BV TET XT3 55 N S B0 5 S R PT R R P B A SR s e 18 A0 R T A AR DR AR LD BE R R, X — Rk
WA T H e B A SR BB K B3I, 2R BE SR ARG A RTS8 A 0 55 , 5 J JLT B 5>
PUai K HSP70 Fl HSPOO Y&k thaz il > B AR et i BAARMLIIASTE , (H— BNy v e B Vi S i vl AR
BEIIK 76 40 P 1 S A 4 AR 31, A8 1 DU i A o s AR B i v R A R 21
B TR TR 8 T R —— 2T SR (floridoside ) , HE7E 40 I P9 B n] LATE Sl RV HE L) TR I 3 BB K0T
TN R BE SRS IR A BE R FH B AE SRR B i N A

Tt A ERE ] T PySAMS FERFRIAWE? X FAABE LS RAK, S ER A S T PySAMS ik | ik
R T BBV Y R B RS 45 SR A S A 12h PR Y H R S i i TR 55 F 65 $hE
Whaa R H @RS D BR BB SIE AT PySAMS FlH 2 B A S A 5 14 £ 24 i (B2 3R]
B 1] TN A « 0 200 PR A7 S O e T 7 2 T 4 O I v 8 444 o 8 2o R — B =2 S 200 B R AL AR Py
BRI LAE S AS RPREE s I AR50 B AR 03 1sf B e J32 2k 381 R0 {0 JT 46 7 o TR s SR AN 3 41, L 30 1)
WML G BTS2, 75 B e i S v 3 1k 1) B r 44 g o) () 6, I B T ] B DR AR B A
P, X — B BEA R ERINO R A SR R BN G SR BEXT T H e g A T3 o e, AR BERSEnT
ARAA HSP70 Fil HSPOO 782 /K Jiihif J ANk 75 2R3k 1 Jie PR T RS2 e AR — LT th i, 7K 432 DA L P sl e 2
L I e PR A B A, TR A SR A R B ) 5 B S ]
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