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FEE: UAMEIMR, HARTARREARABRT AR EN A KEE ALE, B
FEEMT., EEEE ., R ER LS EA HSPT0 AW Em., SR %W, KWBAEAS
Tk, BEEMERZBEASCRZE R TEL4, £+ 50, 10.0 pg/mL A E A
BRB A 10.0 ug/mL K FBRAEAFREHNAE, B EKEX G BAMLIE KT 340%.
BEAIEE 3 K, 10.0 pg/mL A 3 4 & 4 4R34 2| 5k, SOD # K 7 74%, POD # K T 70%, CAT
BET 40%. AR HEESHHK T 70%M 26%., R2EF AW T 46.2%, % HEE G
K7 40%, GxtHEAML, MDASES 1 RTHREANEE,THT 10%., SEMET, £5
¥t &KL 5% Fv/Fm, Fv/Fo, qP fn ®PSIT ¥ 8 B 1K, FE 5 E KNPQ)E Ak +
FETHREES, KBRAEEARRAE 5 FEARAETRERELS BN BRKREE, KHR
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A PSR RGO CRERY LB TR . 5T
RIS RS R Y PAM S804k . 45— 24
R >58 A SRR, R E R e A
A AR AR P, S BEEESEANRIFRA (1
ERCRBARIE, HrP LIRS HLL T 3] 38 A4 21 21
YeaVE B E"Y, EITE (G.vermiculophylla) Fil 45
B 2550 SR 21 3 U 4346 7 A K P S A VR TS AT
FEAL ] Y 22 S 2 KA R R A R A B Ak
S IR AR WLARGE o AS SCHFIE T R IRV BE 7K A TR
Xof i 1R SR e iR B A T SR, S 3
N Ui =l IS R B B e Y S

I PR

1.1 R

SR EE T 2010 4F 12 A K TR A v 1 355
Y, AR RIE R A VRS, SER R s IR . 58
WP AR R AR, Wi — ., SCERET 5 L
= AN 4 L Provasoli 553 5L ke e 6 IE
BEFRA R RE 9%, BRTHE 3 ~ 5 K. JEREIRFE 4 000
Ix, #EE 33 C, SEAIH L:D(12h : 12 h).

1.2 XWHE

ficil 2.5, 5.0, 10.0, 20.0. 50.0 ug/mL 5 /M
EAUKERR, VARSI AR R B4 . B R H
B o HURER B AR SR T /K 4y IR AR T, BV TS
=20 CUKFHIRAF

BREEKEERNNE  EEFENO. 1, 3.
5. 7.9 KRIGEE, PrRadigiilie, T H AT
KR (RGR, %/d)=100%x(LaWy/Wo)/to W,y t
FI ) P9 5 STt (), Wi A FEARERT AR 6 I3 i (), t RS2
KE(d)-

HEBARISBRSENNE HEFRAR
PR He {69 ( Evtushenko BCiE: ). MERRFRIUT ke
0.05 g, 4 mL £ & F/K5J3K, 3000 r/min #.0> 5 min,
AH 2 mL F¥EW, A 2.5 mL 3.8 mol/L NaOH %
WA 3.75 mL 0.1 mol/L CuSO, &M, TRIHIRA), ST
BIFah K H ik 5 min, #£5AHIS, 3 000 r/min
O 5 min, FIERIGE Agoo MR K
7] 73S )T

nELEEENNE THE B PR BT P A
0.05 g, TRWAMEE, A 0.05 mol/L BEFRZE Il 5
mL, 7 500 r/min &.0>, B IR E . #HEAY 5
{1kl (SOD) KH NBT ik pumsyk, o &by
(POD)I i R A B AR T AT CAT 16 PE 52 %

A A A

A=W (MDA)E ER N E KRB R B L
FPIFEM, Cripa=6.45(Assr—As00)—0.56As0 HRHFHEEL
WO ERE T MDA Ry, BN pumol/g.

HBEEAHNE SR FFVBG R e 0 i 7
W1 MERFREL 0.05 g T3, WA, A 1
mol/L pH6.8 A PBS 4 mL BB EE.OEH, B,
UL 68 W, I AR R B (LRI BE 55%) 78 431k
5], B4 CRECTIEL K B OS2l E FIE
RISl s IR AR PR EE Y o B RIS, T Ases Asiss
Agso TH, THABEHSE A& .

Crpe= 0.123Ase5 —0.068A15+0.015Ags0

Croc= 0.162Ag35 —0.001As5—0.098Ags .

Y, Crep WBLLEH, Crec NWEEMEEM, HEE
HOR IR A Ik B2 T3 e AR RPE. RPC Wk

HEZRRXKXSEHNE fi HIKFERF 28 R
2 HAL MINI-PAM(Heinz Walz, Effeltrich, Germany)
AT RS EI I o U 1T PR AR T 1 1
N 15 min, FSGMEEIE Fo, F AR
RIMFF R IOEE Fm. PS [ AR IOGRE iR
(Fv/Fm) . SEBRGREF AR (OPS ) Sl
K (qPYFIHEE A2 A K (NPQ) RT LA I o K Hia i+ 1.
AR AR, PS I A W 76 38 P 22 X Fv/Fo=

( Fm-Fo)/Fo & H1e]

RT-PCR JUE HSP70 MIFRE  MIEHIEK
HSP70 % f X ¥ 41 (DQ834745) Fil N Z 14 18S
rDNA(EU937746), F|/] Primer Premier 5.0 {1
it51¥ . (DHSP70 LEE5|4 5'-ATGCTGGTCA
GATA-GCTGGATTA-3' fI N ii#5(4) 5'-AAACACC
ATCTCCGACTTCTA-3'; (2)18 S Fiif5|#) 5'-CCT
GAGAGACGGCTACCACATCCA-3' #1 F i 51 ¥
5AGACTT GCCCTCTGCTGGCTCCTC-3', 5|#y
& BRI 4 E ¥ Invitrogen A=) T4 BN )
FE o

B RNAMSIZ  #08 Trizol {730 453k
1o AT BIEfLE DNA M5 Y, AR
PrimeScript RT reagent Kit With gDNA Eraser 25
& (K% TaKaRa A9 THA PR R T cDNA &
. M8 SYBR Premix Ex Taq MIUCHIHEFT
RT-PCR JJii, HJZwi&Z i SYBR Premix Ex Taq
(2x) 10 uL. PCR IEZIn51¥)4 0.5 L. ddH,0 7.0
uL F cDNA #47 2.0 uL 0, RT-PCR JZ ) 451F :
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94°C 3 min, 94 °C 10s, 55 C 155, 72 C 20 s,
40 MEH . S5 H S, F Rotor-Gene Q HIsE
¢ 6 B PCR {L(QIAGEN /Al Hr i i3k
17ERmoHr.
1.3 Sitsah

JE LR B 3£ R ] Excel 2003, B8 20k
FH SPSS GEit iR kA 725 55 0 2 4 #r o
2 4k
21 AREREKGETZRTEAKERKNZME

Wit 5 7K A T Ak BRI B R T v, e 2B SR A Kk
RAEFEA LI W B 2B ETHE TR S (E
D)o K#B2 A 10.0 pg/mL BF AR AME, HAIXA4
KHR R 2.57%, S5XFH 0.55%H H, KT
340%., 5.0 Ml 20.0 pg/mL WEHKRZ, WKT
201%7F1 202%. J5 22500, KAGRRAL BV T
10.0 pg/mL I, Jp 25 A: 4 o 232 il 2 i T HA R i
ARFRZH (P<0.05). FKHFEALE T, & MK gGR
AbFEA ) F IR A
22 ARREXKGERNSETEAXSERTY
pa:abA |

Ml 2-a AT L, A0FRJE25 1 K, 2.5, 5.0, 10.0
pg/mL &4 H ER B X BRAH I T 99% . 145%
I 133%, 55 3 K, SA0BRLH H S E & 4A AL
K, 10.0 pg/mL AFRA &k 3 T HcRAE, HXd
ML T 70%, 258 % (P<0.01), 55 5 XJF
IR, EWELH(20.0., 50.0 pg/mL) H & B & A Fr b
Its

3.0

NN
o

H A% A= 2R A%/ d)
relative growth rate
5 &

o
n

g
=)

L]
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KAGERHJE/(ng/mL)

concentration of salicylic acid

B 1 AREIREKGENSRERET
y&E2 Ehole R St ES0pA
Fig. 1 Effects of different concentration of salicylic
acid on the RGR of G. lemaneiformis under
high temperature stress (mean+SD)

K 2-b R, W LLBREHE AL, iR &
AR EIE ETHE T REES ., SR 1R, X
HEZH I 22 R o £ 0 5 (IR T oAt 4% AL 3 2H (P<0.05) .
53 RS SLI A 2R & A AN R R EE ) T,
Hep 10.0 pg/mL K EHE, XA K T
26%. o5 5 KIFhh, 2R & R TR
23 AEREKGENTRETEAZNALET
E3: 9 A

ERE 1~3 P, SOD T A A AR 1 34 m
(Kl 3-a). % 1 K, W&k B4 (200, 50.0
ng/mL)SOD & HA ] 1k, 55X BZHAR o35
KT 27.87%. 44.6%. % 3 X, 10.0 pg/mL 4b#
ZH SOD V& MR B R KM, ARG T 74%, 1M
20.0 pg/mL F150.0 pg/mL ¢ 5 2H 43 BB T 37.9%
1 45.8%, B FET X BELH(P<0.05). 25 5 KPR
BALPRZH SOD T 4 i 2 5 Tx B H (P<0.05).

5.0, 10.0 pg/mL 4bF4] POD 5k i 3w T H:
A H AL (P<0.05)(FE 3-b). 2 1 KFIE 3 K5I
XTREZH R 154% ., 128%F1 79% . 70%. 5% 3 KizHk
FE4H 2 T 20.0.50.0 pg/mL FIXT BEZH (P<0.05).
% 5.7.9K,50.0 pg/mL ZbF4] POD G2 T
Wit o 3 WY PV BE /K A R A2 i Je 0 AR B, ol 8
WEE(50.0 pg/mL)AF| T IR L A A A9
F) 0 i

CAT WEMAEMRE I FFHE T B a3 (&l
3-c), FEH 5K, 2.5, 5.0, 10.0, 20.0 pg/mL 43
H CAT G PEB B KAE, 40l Xt B 4w 1
146% . 185%. 234%. 129%. 1= 50.0 pg/mL
FEARFEES 3 K CAT I MR, FiJETF IR TRE, X —
B G X B — 30

FRIESE 1 RIS R T KEm
MDA 3-d), 50.0 pg/mL AbHiZH MDA & Hoxf
HEZH 75 26%, 1M 5.0.10.0.20.0 pg/mL ¥R JEZH MDA
i B R T HAZH (P<0.05), HirP 10.0 pg/mL #
JEEAH HEXT BR AR 10%. #4540 BRZH MDA S HEESS 3 K
THRA AR T, 7255 5 RXTHRALM 2.5
pg/mL ¥ B 2 5 HC A Ik i 2H 2 S I 2 (P<0.01),
24 AEREKGEBEMESRTEMAZEBEEAN
=AU

SCIER 1R, WL e LI R LA N
5.2 (P<0.05), T 5.0 F1 10.0 ug/mL 4bHZH LT 7R
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Fig. 2 Effects of different concentration of salicylic acid on the mannitol and proline content of
G. lemaneiformis under high temperature stress(mean+SD)
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Fig. 3 Effects of different concentration of salicylic acid on the SOD, POD, CAT and MDA content of
G.. lemaneiformis under high temperture stress(mean+SD)

Ho S0 RAM R T 153%F1 101%, HE&
S PRLBELT R & AR A TR, 55 3 K, 10.0 pg/mL
Qb PR BELT AR (o B IR B OE, O BRI T
46.2%, 5 5 KIVUR, SELLER ARG %,

PR e S R ni L Nl 2 U Sl N JE )
55 1 K 10.0 pg/mL ZbPRZ 35 8 (1 7 R U BRAE
1 38%, 553 KELXTHRALS 40%, 55 5 KIFhR, B
WEASEIA TN, 5 10.0 pg/mL 4bBRA TR
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(] I /N T oA A 320 (P<0.01)
25 KEBMEETEAXHEZRERALSHY
A

STREZH Fv/Fm, Fv/Fo, qP, ®PSII ST %
W ] R T /K M R AL A, i 5 A B ) ) S
K, TR BOR(E 5), SCHE 9 K, AbFIH
Fv/Fm. Fv/Fo. qP. ®PS I 43X IR = 41%.
70.1%. 301%. 47%. NPQ 7EALFEE 5 KikF|H A
{8 0.403, HLXFIRLAES 22.5%., 2455 7. 9 K, TR
k1 0.302 1 0.270, 435 HXT BT 56.5%H1 55.2%.
2.6 AREIREKGEX SR T ZHMFE HSP70 E[F
X RIEEH M

HR 24 h 5, 2.5 pg/mL 4bFRZH AR Y HSP70
FEIR 50 B A b 22 52K 1835 (P>0.05), Hith ik
FRAH ) Fah MR X BRI (B 6)o TTAE e i Ab 3
24 h 5, HSP70 ZZ AL B 5 TR TR AL BRAH T o B
2.5 ng/mL VREEZHAN, £ FEARPRA] HSPT70 Rk &

PR AR T X6 B4 . W6 2R 10.0 pg/mL B, TG
Ve IE W T R A F ke AL B, HSP70 ki # i
BT HA A5 e BE 24 (P<0.05), XA ] HREH ik
i) 40.0%F1 31.6%.

3 e

A ) 9 B AR S L AIL TR Hh KA R BIAE R A )
P RGESAFEPUME(SAR NS 5. SHYI%Z
S5 JE R SR A R 3RS A B, AR AR K i
R S bgm, (e E G A, R ERIE R
TIFHRACRE ), JFAEA — LR A F R
R IR gy I N7 2B AL 3 2o K A R 32 A R 1
(salicylic acid-binding proteins, SABP)Z5-& 24

BEEH S 2/(mg/g DW)
PC content

35,
g 28
]
(]
ERES
i § 0
‘{ﬂfgl"" —25
e ——5
b 0.7 —— 10
” —50
0 L L i L L
0 1 3 5 7 9

Bf[El/d time

AL, JF i — 20 R 5 B A% 4 N B 5 AT
(Ca-CaM ZR%), H (5 TN R, 51
2 P N Y AN K Az R B I B T AR
SAR HLE A Yyl AR A= P ihie, ARONZEE 4R |
FE LKL ERAE AR XA A S
3.1 KIFEX EMEERMSEFATIERNZI
I S BRI 2 R 20 S g 77 AR N TR M KA IR
ARSLHH 10.0 ng/mL KGR REA AL = E R
ARKHER, RAXTIER T 340%, MRS T
TS INAS [R) e BE () 7K Az R T LA A A58 2 Jh 2008 H
FBIEA AL, KRN 10.0 pg/mL B, BEARTES 1 K
HEEREE N 1 133%, JRENS 3 RibFIm K. 4
2 BN AN [a) A58 JPh A0 B, A AR PN i 2 i 2 e 1
SRR AES, AR TIPS,

3.2 JKIAEEIT MM AN EEE AR

o T T 200 PR 3 A A R B 1 A )
RN A B 3 KA R AL PR % i i S AL S
PR R KU e A0 i A BT T S A PN I
TH TR B el RO 2, DU VT RE 5 AR N B L T R
G RPEVE A PO, e /iEE 30 CHI 35 CRii
T, MK POD WEMEIGSRIN ., FEREFRN 12 d HY
INTHE S AR, ARSI R, RACETE 0~3 K,
B 4 FR A [] 19 SE SR Y SOD . POD il CAT i
P AR RE R A5, AbPEZH (5.0, 10.0 pg/mL)
BENTHEWEL . 50.0 pg/mL 4bFE4 MDA &
T T HAB A B, 1A X U E R B
T SRR B RN o T LAt vk B A B XY SR B
AR EE VR, Fdh 5.00 10.0 pg/mL Ab3
eSS T

1.2 ¢
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Fig. 4 Effects of different concentration of salicylic acid on the RPE and RPC content of
G. lemaneiformis under high temperature stress(mean=SD)
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Fig. 5 Effects of salicylic acid on the chlorophyll fluorescence parameters in
G. lemaneiformis under high temperature stress(mean+SD)
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Fig. 6 Effects of different concentration of salicylic
acid on the HSP70 expression of G. lemaneiformis under
high temperature stress (mean+SD)
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b S PRy e (A | b e S SN IUE ey )
EEHA, 5L MEANRER WAL, X
HE | EFRER N 4 R AN R IR B AR e A SRR
Az, 5.0 1 10.0 pg/mL AFRLH SR B E
FHABAL A, ZEFREE 1K, BT IR T
153%F1 101%. 10.0 pg/mL AbFE X ¥ 25135 3 v 4 (A
ALl TS
3.4 JKIGEEYI KM FEER S HAIZMN
4 3 A AR S —Fh LLE A AR T HLE A 2
filt, AN SR RAE N RIRGEE, BFSERERIAR
PG AR I K 45 Fifr A SR BRL 5 Wi 14 3% 4 0
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FZWrH AR, RE 65 IR A4S DU 8 (A7 i R R 5 T Ol
HAEMBGREER, ARSI, B A R ]
MIEA, TSR Z 40 Fv/Fm, Fv/Fo. gP.
OPS T ¥ 2B F %, NPQ 8%t FFHE T /.
X4 R S R v B SR s R — 2, kR Ak
5, Fv/Fo YT MR L XS BRAH 18, BiRATE— &
FREE B3R TOCR N RE AR, qP kT
HIERLRET PS H#E B2 I N I RE T, =il
WEE N KR PR S5 % B EE qP (HA T — 1
MiEm. OPSITIERIY CO, [EEM R HF
3ot i R AZ B R BE 0 o /K A7 PR AL B4 F) PSS T {E
TRERESNE . RS R, KRR AL BRZH F 42
& T NPQ, Al UWL/KAZIR B a2 e K A Tt 15,
T 3 A S P RE S ARy A TR M R T
RIS B, VR e R EE IR (1 & TR,
ST LR TG Remb, SE S BuR KOt e
BRCR(Fv/Fm) . BEIOCETETE . OPS [T 1%
TR il KRR, XEESHHIE BB T
35 JKIGEEYT R B HSP70 EERIZHIZM

HSP70 s AR e 2 A Z 0 v B S R O,
5RO E . ¥ia . By
PESEDIRE . BEIE A IKR T S ng  E A A= ) —
B, AR TR AR R 5~10 CPL i
£k 7% (Raphidoeclis subcapitata) =i 355 ~ HSP70 [y
FIKFTRESE — A B R AR DLHI . 7514 S 5 f
(Fucus serratus)Fll7F % (Lemna minor)rf, Ffi# #4g
T T, HSP (s Rt ReE LT, R,
HSP it HA AT A L DI6E, PF9 LB HSPs 7]
VIV FERECAE il SOD /K, [FESHii] NADPH 4
PRBE, [HERAARAR A R JER ™ A7, B HSP70 5
PRI RGEAATEPEE . AP, 33 CH
RIS, AEHREE KRR 554K HSP70
FREY B EML XA, Hd 10 pg/mL Kipk
Ab PR F TR EAAR, (MR IR 31.6%. HSP70
) FE R IR FARGT A0 IR T Lhad i) G oK 4t
(1) HSP70 LA Bl Je 20135 i o) 3 7 e Y 30 45 30
4 NG

TE YR B R K R A R TR S e A A K
BOR, KGR N 5.0~20.0 pg/mL B SR 34 K3
HIEHER, 10.0 pg/mL A PRFCR BT . KGR
P E e 2003 A K ML AT BB AT - A 0 o T
SFRAIIEAN; % SOD 1 POD i A7 1R 38 1915 41

FI, TEBREER At 2L, FET MDA &t f2iEdEfH
HEEME, 1755 HSP AR AR5, Wmde 1
IR e PR B 52 4
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Effects of salicylic acid on the resistance of
Gracilaria/Gracilariopsis lemaneiformis to high temperature

ZHU Zhao-bo, SUN Xue, XU Nian-jun’, LUO Qi-jun

(Key Laboratory of Applied Marine Biotechnology of the Ministry of Education, Key Laboratory of Marine Biotechnology of Zhejiang
Province, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: The marine red algae Gracilaria/Gracilariopsis lemaneiformis were used as materials to study
the effects of different concentration of salicylic acid on their growth and stress physiology under high
temperature condition. The antioxidant enzyme activity, the osmotic regulation substances, phycobili-
protein, the features of chlorophyll fluorescence and HSP70 gene were studied when the algae grew in high
temperature environment. Results showed that in the salicylic acid treatment group, the growth rate, enzy-
matic activity or membrane lipids damage degree were better than those of the control group at various
degrees, and 5.0 and 10.0 ug/mL of salicylic acid treatment groups were obviously better than the other
groups. The treatment with 10.0 pg/mL of salicylic acid showed the best effect with the daily relative
growth rate increased 340% compared with the control group. When the treatment was on the 3rd day, each
index of the 10.0 pg/mL group reached the maximum value, SOD increased 74%, POD increased 70%,
CAT increased 40%, mannitol and proline increased 70% and 26% respectively. The content of phycoeryt-
hrin increased 46.2%, phycocyanin content increased 40%. Compared with the control group, the decrease
of MDA content on the first day was the most obvious and decreased nearly 10%. The chlorophyll para-
meters of Fv/Fm, Fv/Fo, qP and ®PS II of G. lemaneiformis decreased under high temperature stress, and
the variation tendency of NPQ increased first and then declined. It was found that 10.0 pg/mL of salicylic
acid could increase the five kinds of chlorophyll fluorescence values compared with the control group. The
expression level of HSP70 gene under high temperature was higher than those under normal conditions,
while the expression level of high temperature group with salicylic acid treatment was lower than the con-
trol group. In conclusion, salicylic acid showed the effect of improving the high temperature resistance of
G. lemaneiformis.

Key words: Gracilaria/Gracilariopsis lemaneiformis; salicylic acid; stress physiology; chlorophyll fluo-
rescence; HSP70 gene
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