K= 24, 2024, 48(6): 069605

;J(jé‘%jﬁ T

JOURNAL OF FISHERIES OF CHINA ‘

Science Press

@

DOI: 10.11964/jfc.20220413461

SR SR INE LA TE R R R RIS
B, KEE, £, REE, B T

(TERZFMGIEA GG, WA TREE GRS, Wil T3 315832)

ME: ATHRTERBEAB S LG P ERRENS, LRAAEREE SN BHR
AR € - 8 BRI 1E (LC-MS/MS). K ot & & PCR (QRT-PCR) J7 i A T Sh IR i 348 xf & i
P TABERARREK. AR FTABEE. AHREIAREEARLH T
ERRZI, SNRA A 10 mmol/L Vg S ME A MK WA £ KRR F ARG B2 A T &
0.34 f5 3d) A1 0.30 5 (24 h), »HERF K ALK A M B MR A0 il B AE-6-55 B & K B 76
Mrm, ER_BEEMEASER (LOX) FHE K. FH, #EEHE T AT ALK
RAMXRRER—F O X B e RENEERE AR KL, R T AHBRAHRE (2.05 ). I
S, WHEBIUERMEZE 10 XFARAREI G lox2 ZE KA THE (12h). I, SR
EREEMURDFREFEAR G EE, BRERIAL, RABEBRPOFARLEEIHF
KRN RREREHFRTEALNE K AAKERAT EREE LTI & IRIEF

EHERER, WAREHMBE TN TERET SF,
XA RAE, EEME, iR, A3, XE KR

FE5TEKS: Q786; S 96843

WM 3K (Gracilariopsis lemaneiformis) K 41 3
I"] (Rhodophyta). YI.# H (Gracilariales) it — Fh K
RUBEPELLNE . AR USSR IO 32 22 J50kt
2 Bf TR G A TERL . B A B s 255 Y e it A K TR
JEN 10~23 °C, TR g il S 05 981 B fi i AR K
¥ 12~26 CMo FeFRIE R 7 e, L ZR KRR
it R BOE MG TCE I R, TR T e
SEIARSS R | 7 RN ZE U AN A o

TR — PP AR B O, AT T
W, OHRE . Rl TAEHESI S ST, B
B C M S G R IR A 5 4%, Hh OtsA-
OtsB iR 44 /2 i S5 AH ) v o — 1) ¥ 8 0 5 TR 428 o
TE M A MR AR, 1 5 e O -6- W R & L
(TPS) AL BR T B TR -4 2 W 15 0 % W -6- i R S

Ui HER: 2022-04-24  {EEIHHEA: 2022-05-28
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XERARAERS: A

I A B PR -6-WE R (T6P), SR 5 Hi T 35 A % iR
iR (TPP) fi:fb TP Wik IRIE i BEE™ . BF5%
B, g SR Y TP Z MY A K K
BRI R A 0

AYTEE IR E . TR ARIER SR Y ia
INF, S ] A SR 2 i DR PR R A e AR W A A
PRI T A % e 306 458 3 v R 4 T AR Y S
2B, 15 mmol/L ifg 3 bl nl $2 i5 H 5 (Glycyrrhiza
uralensis) %18 BT AL B IG PR FNS BV P&
WA, fEHFER e T A A RS, MRS AR
Y1 K I 52 ) BEAR DG, H 2 i 3 o a)
F B W EE: (Saccharomyces cerevisiae) MR i T 15
RO E 56 728 Sy e TR A2 PR UM X AR
FoE, WAHRIE R, 50 mmol/L i MM & T
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TP B BEAE 53 °C il B IAETG %, 1T RE 51 3
WERL RS LR M6 M4 H R B (ROS) ZKF T AR
JoT o AR A A A 1 R AT A DG ™ T b AR T A i
WERRPUAAL RS . WS OGA 1Rk 4 M 45 1)
el ZEERRAATZY (Paeonia lactiflora) B

R A R EE A FEN, (B2
KEHEYR Y B S ARG, HAEARREY
P S a2 R R R, EEEY, £XKE (Por-
phyra) FEEERE S B AK, HE 2N B, W
e B g s R s, Ik 1~3 mg/g T H
(DW)!M, S G S S LA 2= Dy g (A
TR, HIL, R SCEAIERST SN IR SO & iR
R38R A K L B A S W 5 B HAR i
it % P S5 A T AR A G i PR SR I g
DA 735 T WX 1o TR 38 45 T R AR A 5
F A G B USRI A T AR S

1 MESTHE

1.1 #RUER SRt

ARSI AR A0S 981 K H AR A i A SR
b S M . TSN e 20 A K TR A U DA R
BRI T . B AR, SRIEHURK
1 10~15 cm [ G B PRI Bk 5 CTE N T 7K
AT N PR R, BEFRIREE N 23 C, DGR
244 40 pmol/(m*-s), LA 12L : 12D,

e T 38 SE UG AR 33 °C KiFRAR TRk AT, Hith
P L R EIRTIVA S e (SIS o4 g I i IR |
TR LRSI 0. 5. 10, 20 F140 mmol/L,
BAHE 3 MEY¥ES . WS H T AN
A AR S, BV K BB 10 mmol/L
A J5 B2 5256 Hh i B VS Ik B iE i e AL,
VSN0 mmol/L Vi BRI AT IAZH . #E 0. 12, 24
A1 48 h 4 HIBCREVEFTIN —E (MDA) . & R FlK
WR (SA) & & SR A AL Y AL (SOD) 45 1% 4 il
FE o TE 0. 3. 61 12 h 2 5l BURE 47 96 Ol o
PCR (qQRT-PCR) 7347

1.2 FEXTAE IR RN E AE R A 22

Oy BIFESE 1, 3 5 R ERAFR e R e A Y
i 5 (FW), # LT AT IR AU M AR AR K
B (RGR, %/d): RGR=(InW-InWy)/tx100%, =\
Hr, Wy W, 43 0 R I G 5 SR G IR A ¢ KA 3
IREEE, ¢ S KA ()" FIE, FERFFRINES
3 RS EEACIRAS IR
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1.3 MERRASENE

IYRIAESS 0, 24, 48 F 72 /N, BUREEATIE
BERIOCSEMM . BEHL 3 R WO 51T
15 min K5 AL S, FH AquaPen-C AP-C 100 i # 5
P ik w2 6 AL (FESTO, # 78) I & PS 1T i K
B3R (Fv/Fm) FEEGAE AR K (NPQ).

1.4 MDA M RER S =N E

HEBRFREN 0.1 g AL A, TERA TS B
WA, A —E BRI RIES 5, D
5000%g (4 °C) B.0> 10 min, |35 AT F T & &
M7E . MDA Fif 2R & 50 43 3 AR A b
ZR LA E KR, HARAE D IR B R ot
R T AR R0 & A T
1.5 SOD FBEE &8 (LOX) AN E

HERRFREN 0.1 g A, TEMA T U A
JA 0.9 mL #% % £ 2% #h i (PBS) (0.1 mol/L, pH
7.4), IREJJETE 4 000xg &L 10 min (4 C), frfs
T VE WA T SOD i M (RS Bt R A TR
WS B 78 VR WF BORY 2R 1 e 20 SRR i
I mL $EHOE$EEC, SRJ57E 16 000xg &5 .0 20 min
(4 °C), FIHWMAT LOXIHHIE (R MBS A1)
ARG R AHD,

1.6 TPS M5 X EE RES (ICS) &M E

HERIARIBC 0.1 g Tk, TEMCA P AT bR,
SR J5 50 mmol/L Y Tris-HCI 2% #h#& (pH 7.5) 3F
TR, BB L) 13 000xg (4 °C) B0 5 min,
VE W BN A AR EUK . 2% Hottiger 451 1Y 7
PEAT TPS TEHENE o 725 B AH R WEHE R AE S
MIRE SRR T, A —E T 1Y PBS #4782,
FHXUAR e OFE 34T 1CS 3 M (RS R
BHEARA ),

1.7 SAEENE

5 g MARAEV O T DL T4, ARG TE
TR IFEE R A, 2% Li &M W ik b TR
AOER B EEOK/HER (15 - 4 ¢ 1, RFRLL) 4R EUR
FE i F HPLC-MS/MS 43 #7 . | Thermo Sci-
entific Dionex UltiMate 3 000 J& #H (6. 3% 4% , FH (0%
S WA A K (N A 10 mmol/L 2 & ),
A B R, SERESCH 3 pl, RS E A
40 min, AN HE N 0.2 mL/min, FEiE 30 C.
fii 11 Q-Exactive #ft H1 37 1 1& B = 43 BF ox 1% 1Y
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(Thermo Fisher 28, € [) 47 R ig o4, Hor
Mr &t s T, WESSH R 3.5kV, BT
fEHIE IR E N 350 °C, §AE 35 arb, HEISE
10 arb,

1.8 gRT-PCR #3#f

S5 4% I Plant RNA Kit (OMEGA) i B #£17 J
0% S\ RNA 142 8, F-fi H] iScript cDNA Syn-

thesis Kit (BIO-RAD) i #% 5% i 7l &5 47 S 7% ok
4 ) cDNA FHfE qRT-PCR [U#54R »

F A R R AL FH 19 IR 2558 SR 1 70
(hsp70). lox. ics HHBIWF4H (% 1), 7E Eppen-
dorf mastercycler ep realplex2 PCR {{ /1 i#17 PCR §~
o M actin fER NS, RONAR Z R T R PMIG
G R A S G R R, il 2-AACT kgt
HHAN A

®x1 THAEEPCRIYER

Tab.1 qRT-PCR primer information

FF AR GlEVEX S 51(5'-3") YK /bp
gene name primer name primer sequence(5’-3") amplification length
actin actin-F CTGAGGAGTTTGAAAGGGAGA 203
actin-R AATGTCGGCGGTCTTGATAG
hsp70 hsp70-F ATGCTGGTCAGATAGCTGGATTA 199
hsp70-R AAACACCATCTCCGACTTCTA
lox1 lox1-F TGGGCCGATTATTGGGTTCTG 173
lox1-R TGGCGATTGGATTTCAAGTAG
lox2 lox2-F CTTCTACGGAACCTGTCTCATTAA 167
lox2-R CTTTGTCTGGCATCCACTCAT
ics ics-F CGCGGATCCATGACTGAGCAACTTTCTATATCGT 130
ics-R CGCGTCGACTCAAGAGTTTTGGCAGACTTTTCGTGT
1.9 HIESH 5 ¢
O 0 mmol/L
fi F Excel 2020 3K {4 247 548 2 W AE A S5, 4l E?Omnr::;:)/IIZL
SR LA P (BRI 2 (mean+SD) 71 (1=3), S E 20 mmol/L
F H] SPSS 23 & 4 #E 47 B A % J7 % (One-Way §§3' @ 40 mmol/L
ANOVA) Fl Tukey fi %, P<0.05 F/REHF D%, ﬁ ;if 2t
2 4 % 1}
2.1 SEEEN LA KRR N0 0 5
VR U B T IR e R A Eife/d

K (& 1), FEEERERN TG, HAERKHERE
e LIHE FRRE#ES . £ 5 A41%, 5 A1 10 mmol/L
VR B e AR A K de e, HoZ AT B 2
So FEEE 1. 3815 KHF, 10 mmol/L ¥ 3B AR
21 e 2503 1 A A K S R 4y i) Lk R 4 T
27.76%. 34.64% Fll 31.41% (P<0.05).

T B A I S TR AR RO B . A
F e 3 KA, XA A, A
BEBINTE (K 2-a), 1 10 mmol/L A3 A £H 4K G
UIRTRIIEY: Pt SR XN QY3 I N T
Sl (] 2-b)s

R E K7 2: 2 E /) sponsored by China Society of Fisheries

1 EEENESRNETEIRE KR
ARG BRI A R (] AN R 2 [0 22 5 B 2% (P<0.05); R,
Fig. 1 Effects of trehalose on the growth of
G. lemaneiformis under high temperature stress

Different lowercase letters indicate significant differences between dif-

ferent groups at the same time (P<0.05), the same below.

22 EEEMEIRMFERRAS KM

T Fv/Fm 78 0~72 h PN Bt () 38 i 42 90
SEl 5 T TR S ATE 0~72 h PN Bl IS ] 358 1 42 30
el I THE R #a (18] 3-2), 1E 48 Al 72 h i),
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(a) (b)
TERPEN SR MNE T R AR AR SRS
() EBRAL, 1€ A R A AR (o) HERERAL, B
CHEZ SRR

& 2

Fig. 2 Effects of trehalose on the thalli of
G. lemaneiformis under high temperature stress

(a) control group, the white thalli are marked in the white circle; (b) tre-

halose group, the air bubbles are marked in the yellow circles.

TR B TP EEIR Fv/Fm 3 )& 6T BEALA) 1.03 £5 0
1.04 £ (P<0.05). 5 Fv/Fm ZAbia# AR, 7524 h
P2 3 NPQ HJC I B AR fk, RS 2 LTS,
TE 48 h AR SEARZH L X FEZH 0K NPQ Tt 44.44%
(P<0.05) (& 3-b).

AU, AMEAS I R R — R R
o AR = iR B30 R 89 PSIT e KAk 24 8% R A
NPQ S, VIRI IR/ G 32 i i i iy i s
SEREXT S MDA A SRS 250
TR TR AR T MDA & B IS 25 R R
FEXTHRZE Fpr, 7 R X 9 A 1) 4 I 3 ol — 2
Pifi, MDA & ik 2RI 1 SO AL
48 h I BEARH MDA & 23, (H5%F A L
TSR R MDA & 8K, 76 12~48 h N, i

23

1.0 .
0.8 | a b b
0.6 | a

04

—a XHE4L control

021 —— I EMELL  trehalose

0 24 48 72
B ) /h
time

(@)

PSII f RG22 R0
max photochemical efficiency of PSII

3
(a) PSITRAOAL A, (b) b K .

AL MDA 7 12 4351 He AR IO B[] 5 i o e 4
ik 23.25%. 31.10% Fl 30.94%(P<0.05) (& 4-a),
AT, ST St T s D e i 5 R A R 252 MDA
F14) R 52 R 240 i B A7 3 P2

TR R T 2 A e R I R R
AT+ (B 4-b)o I L TR M 20 38 A 1) il i 1
AT TRRA . 1612, 24 M 48 h AR & &
43 ) 2 % R A R B E) SRS 1.26 1% . 1.30 £5
1.27 5 (P<0.05). A WL, 10 mmol/L 7 w4 o5 i o
i — AR T R E T AR T AR AR R
SEEMEN K SOD 1 LOX & 14 US40
RS e T e g SOD TEMETH R .
TE 12, 24 F1 48 h B M5 41 SOD i 14 43 51| Lb Xt
M2 5 6.53%. 6.03% F 6.50% (%] 5-a), HIJ2=
S vl UL, AMIERE SR ] O R SOD TR,
Je ST A A B R BIL I R T B v e A T 4R B
B

TR SO0 B WS in T e 20 2 LOX 1% 4 118 5% i 4
& 5-b fiizn, FE 12 F124 h i, HERSBEZH ) LOX
6 M43 ) b X B ZH BRI 10.07% F1 13.54%, {H %
A, B 48 h i, VR A LOX IG
Fo ot IR 4H [ 17.28% (P<0.05), %45 %0, i
BT ITE— e R EARIR A LOX TG TER T o

2.5 SEEEXN AN TPS 1 ICS SEM AN

TSR R S X e 2B R TPS 6 MR I HE AR
B, HEALBR A R R THR R S, B

=N
B
=R
B
=R

24

205 ¢
% a
g§ 04t
(] .
< b
S 03¢ a :
f -0
B2 02F 1 H
) !
£ 01 ¢ -+ X1 control
2 —— G EEREAL  trehalose
5] . X ,
[=}
0 24 48 72
I 17 /h
time
(b)

TR SIRME T E MR R R A S KRR

Fig. 3 Effects of trehalose on the chlorophyll fluorescence parameters of

G. lemaneiformis under high temperature stress

(2) maximum photochemical efficiency of PSII, (b) non-photochemical quenching.
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O %41 control
W FEENEZ trehalose

25
g bC
= 20 B3
on
= bB bB
g % 15 aB
§ o aA aA aA 2A
i < 10
<T‘E[ S
5 s
=
0
0 12 24 48
N [A]/h
time
(@)

O %41 control
W T EEREZ trehalose
30 - bC

bC
< L bB
E 25 o
= ] i aB
= g aA aA
W 1O
én 2
& 10
s =
E 5y
0
0 12 24 48
I [A]/h
time

(b)

E 4 SERENSEME T LS MDA (a) FIFESREE (b) SR
AFNG B RN A R 8] A R 2 6 22 7 B3, ANRIKRS 5 R OR R P S [N A) i (8] 22 57 B 3 (P<0.05), T
Fig. 4 Effects of trehalose on the contents of MDA (a) and proline (b) of G. lemaneiformis under

high temperature stress

Different lowercase letters indicate significant differences between different groups at the same time, and different capital letters indicate significant dif-

ferences between different times in the same group (P<0.05), the same below.

600 - O A2 control

W AFEEREAL  trehalose
—~ 500 } bBC .bC B
E aA aA a}_3.9 ElI— a/_\I]_—)’
o & 400
S
5 2 300 |
o 2
~ 3 200 ¢
O
n 100 +
0
0 12 24 48
IS 8] /h
time
(@)

60 - O control

WG] trehalose
g 45 EIE: aB bB
[ aAB _I_
on 2 aA aA JaA aA
S .2
=3 30
g
%3
o 15
—
0 L
0 12 24 48
I} 5] /h
time
(b)

B 5 EEENSRMET RS SOD (a) F LOX (b) EMHIF M
Fig. 5 Effects of trehalose on the activities of SOD (a) and LOX (b) of G. lemaneiformis under high temperature stress

BT 0h, 7E 12 F124 h i, TPS 3% P 23 1) 2 % R
ZH R N B5F ) Y 2.48 £5 1 2.91 % (P<0.05); T 7E
48 h Af, 2 4IRS TPS T ME LB &2 5% (K 6-a).

TR AT, B 1CS 16 P B A A] A2 1k
BT, fE 12, 24 A48 h, ISR e
ICS ¥ 1 43 50l Lo X B2 T 1 37.42% . 11.44% Al
18.53% (P<0.05) (&l 6-b). 1T UL, I @b i b 78 1]
DA S il a8 TR B2 TPS Fi ICS fis Mo

2.6 EBEEXLIR SA FEHFMN

TERIRRMET, AR SA &R fb4s R
7N, AE 12 h i, W04 20 sE SA & gk T

R E K7 2: 2 E /) sponsored by China Society of Fisheries

X HEZH (P<0.05); 7F 24 F1 48 h i, b4 SA
BRI O = X IR 4L A9 1.20 % A 2.05 %
(P<0.05) (Bl 7). ] WIBZi=Erh SA & w4 fhiie
s ) TAE S B AL B2 e a0E SA AOFR 2R .

2.7 EREMERIE R hspT0 70 ics B F 7+
KR TAL

TERRINE B 12 h Py, XA AR hspT0
AXF R IE R TS TR, 7E 6 h ik 3 i K(H
(CH O h 1Y 19.93 1%); i BEAEZH hsp70 3R 3k 5 N
18 Tt (F 8-a), 7E 3 A1 6 hinf, Xf R p B
3¢ hsp70 Fik f Y TR SR, 0 1.77
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O XTHEZH  control O XHEZH control
30 ¢ W EEENEA  trehalose 3500 r WA trehalose bC
b — B
—~ 25 bC C S 2800 | bBC
= 25 bB aB ~l~
e 20t oz =
= H =5 2100 aA
=t aB = .2
53 @ 23 e
=z 3 L
iz = wvn 1400
55 10 aaaa aA B2
A n
S HI H H 9 700 |
0 . : 0
24 48 0 12 24 48
ﬁ@m I} [l/h
time time
(a) (b)
Bl 6 EEMEXNSIRMIET ZIR TPS (a) 1 ICS (b) FFMERIFMN
Fig. 6 Effects of trehalose on the activities of TPS (a) and ICS (b) of G. lemaneiformis under high temperature stress
30 . , ()AL 2212, 7 12 h i, XoF BEZH R SR 20 lox]
xof HEL 2L 1 -
E??%*Eiﬂco?rtéﬁalose bC TR w451 0 h /9 2.13 £5F0 2.84 1% (18] 9-2), If
% 247 HAE 12 h i), PRIRAE T lox] JER Rk HE IR
DE 18 A " R bB KA, HISEREAL lox] AHXT IR &2 X] IR
=1 a
% g aA aA 1.33 £ (P<0.05).,
il 12 L = — BTN
pugps 5 lox1 Tk B BALIREEART, lox2 3Z 3G
5 6 M E TR ARG, o B RN SR 4L LE 6 h
12 h i FHE 5] 0 h 19 17.76 175 1 28.64 135 (&1 9-b).,
0 NN N Ve e e .
0 12 24 48 TER R E 3 F0 6 h i, T SEHEZH B lox2 FiA
it 6l /h 0 1) e X BEZH 3 31.16% F1 50.49% (P<0.05);
time TE 12 h I, Vet 20 B0 Jox2 SRIK A T FRE,
7 EERENSIEMB TR SA S EMFM FEXT BRZH A 29.62% (P<0.05).
Fig.7 Effects of trehalose on the SA content of DL g5 SRR, lox2 ¢ lox1 X & il i 38 5

G. lemaneiformis under high temperature stress

f5F0 1.87 £ (P<0.05), £ 12 h I}, ¥ 3HE2H T A
3 hsp70 ) 3R 35 i 0 E T A 234 %
P<0.05), LI 253K, il floaT i Asp70 2
KPR, AR SR RE U R Asp70
R GEFRE T

FE 33 °C WRE T, X HEZH RNV 8 e 4 20 R
ics FEPRF RO AR S AR — 0, RIS [ 4E
K2 Wi T = (8] 8-b). 7E 3 h i), WML ics
Fik it OO HRZH A AIG 32.44% (P<0.05); 7E 6 h i),
PO ies N Rk 1 25 5 R B (P>0.05); 7F 12
h B, VA ics FENFRAE W IR 1R 22.8% (P<
0.05). XZEFFNWT, K a] A 8 B Ak BT A 3
S ics FE ARk .

2.8 SEEVERMB LI lox EERIANT X
TERRAAMET , B lox1 H& R 338 1 Bl I

https://www.china-fishery.cn

B/, T IS VA A I T Ak B2 R ARG Jox2 9 3

3 TR

e il S AR A K B — A E AR
=, T"?‘i&*ﬁ%?‘ﬁﬂﬁ%ﬁ%ﬁﬁ\ MR S8 AL
l‘?ﬁA%“G'm TE B A — ROk Uz . JE#ETC
F RO WA AR A Y 0 GR35, RPN A
7 T S A% T AR R T RE AR N —
A v o AR R ok DR AE P B AR R %%, &
Ao Qe Bt L [R) A5 A FH LU AR A= P i

ERESEME KN ESIER

A AR A DY Ak R ) 0T PS5 A 3 68 T 52 e
M SR, Sl 2GR AERK . IE
K (Zea mays). 1L (Arachis hypogaea) % 14 K
S | W G Y ) B TE RN 2 iR A S S 53 3

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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25 O X4l control

E W AFEEREZL  trehalose bD
(]
B-"2 20 F =
g 5] bC
R e aC
Fogs
Z 2 10+ bC
S
20 5| aB aB
= o
ls‘ o - ' H
£ o lCmm . . .
0 3 6 12
I} 8] /h
time
(a)

6 O xR  control
W EEENEA  trehalose bD

4l aC aC .
bB

aB
aA aA

| I
0 L
0 3 6 12

A T8)/h

time

(b)

ics M FRIEIKF
ics relative expression level
W

& 8 SEEFENSIRMIB TR hspT0 (a) F1 ics (b) EERIEAISH

Fig. 8 Effects of trehalose on the expression of hsp70 (a) and ics (b) genes of G. lemaneiformis under

high temperature stress

3 O control bD
W FEEREZL trehalose

aA aB bC

1t aA aA

il B

0 3 6 12
B[] /h
time

(@)

lox1 FHX IR
lox1 relative expression level

40 r g4l control
§ W R trehalose
g 2 32t
®e bD
X . bD
X § 24t aC
® & c
= % a
F )
= .QE) 16 +
RIS
S s bB
(§]< aB.
£ plea [0
0 3 6 12
I [F]/h
time
(b)

& 9 EEFEXNEEME T LAEE lox1 (a) F1 lox2 (b) £ E FRIiEHI S0

Fig. 9 Effects of trehalose on the expression of lox1 (a) and lox2 (b) genes of G. lemaneiformis under

high temperature stress

AR R AR K S0 32 iR 15 S A s o T o
WEAL AN Wi e, N30 Tk B2 i 4
FE MRS KR R A B RS A Y, FEAR
ST AME RN 10 mmol/L ¥ Bl a LU 7 5
TR A T e S e K HOR IR, JF HRe =
TS RACR AR A .

TE 33 5% 1 30 X R 3 B R A RZ v, e
A FH B AR 5 A A i B2 de B 52 A T 2 —
HAT, MRV SEE SR Y A FL A 240
WS R TR . AEIEE A BRETE,
AR Fv/Fm AR AR 5 TR 38 25 1 F
Fv/Fm FREPY, ARSI, TN BENE IS Bk 1
Fv/Fm T} (48 h 1 72 hy, 00 o 3o 1 5 1 g
T E T B AR PS T e KOG A ROR R Bt = iR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Brif . NPQ 1AM I —Fh B AR HLA, ek
T YIRS DR LA IRERIRE ST . AL
e R AL R B NPQ THig (48 hy, Uk T e it
AE T I 39 I HCPOR G I s R D0 T AR, B
PRI T3
32 EERSEYEMEBREBRMREL
ak

e A B T AT LR BOL S AR B 2 b,
i AT 5| AR A S A R R A S A
MDA JERAR Bt B R ), HS R
R UBLNG B A RO RE BE =, AR A0 A2 4 e
JER . SOD MR N EZ BT ALfEZ—, AT
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BB E 5 R A B . AnAE R e T, AR
W b B S A /N2 P B O P SR R T MDA
B FEAGIEINE T, 12 mmol/L i EEAE ]
DL AT B K4 1 0 MDA & i, 1458 SOD 4
PrAACEEG PERT, AR SCEAE 5 DL T 25 R —
B, RIS IR T B 253 P MDA B AR
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TPS X R HCA BRI SN o ANAE 37 C S
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Effects of trehalose on the physiological parameters and gene expression of
high-temperature stressed Gracilariopsis lemaneiformis

CHEN Wenkang, ZHANG Yingying, LUJun, XU Nianjun, SUN Xue"

(Key Laboratory of Marine Biotechnology of Zhejiang Province, School of Marine Sciences,
Ningbo University, Ningbo 315832, China)

Abstract: Gracilariopsis lemaneiformis is a kind of cultivated seaweed with the second highest production in
China, which is mainly used to feed abalone and extract agar, but its yield and cultivated period are limited due to
the high temperature of the summer in the southern coast. As a signaling molecule, non-reducing disaccharide tre-
halose plays an important role in enduring high temperature, drought and other adverse stresses. To explore the
role and mechanism of trehalose in the stress resistance of G. lemaneiformis, this paper investigated the effects of
exogenous trehalose on the growth, stress resistance-related substances, metabolic enzymes, endogenous salicylic
acid and related genes under high temperature stress using physiological and biochemical test, HPLC-MS/MS and
real-time fluorescent quantitative PCR (qRT-PCR). The results showed that application of 10 mmol/L trehalose
promoted the algal growth and proline content of G. lemaneiformis with 0.34-fold (3 d) and 0.30-fold increases
(24 h) compared to the control, respectively. Meanwhile, trehalose significantly activated the chlorophyll fluores-
cence parameters and the activities of superoxide dismutase and trehalose-6-phosphate synthase, but malonalde-
hyde content and lipoxidase (LOX) activity were reduced. Moreover, trehalose significantly stimulated the activity
and gene expression of isochorismate synthase, the key enzyme in salicylic acid biosynthesis, and the accumula-
tion of salicylic acid (2.05-fold). Finally, supplementation with trehalose could maintain the stable increase of the
gene expression level of heat shock protein 70, while the /ox2 gene expression was downregulated at 12 h. All of
these results revealed that trehalose could promote algal growth through scavenging the reactive oxygen species,
alleviating the lipid peroxidation of the cell membrane, enhancing the accumulation of osmolytes and phytohor-
mones and so on. This study verifies that exogenous trehalose plays a vital role in resisting high temperature,

which will provide a reference for future breeding efforts to improve the stress resistance of G. lemaneiformis.
Key words: Gracilariopsis lemaneiformis; trehalose; high temperature; physiology; gene expression
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