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(121.7°E, 29.5°N) , 10 g/L
, , , 100 L 0.1 mol/L DPPH ,
R 1 4 mL, 515nm
, 3 % =[1 (41 Ai)/4;]><100 4,
(TAA) (GA) DPPH , Ao DPPH
(ZR) (TRZ) , 4j DPPH
(iPA) (JA) (iP) 24-
(EBR) Sigma-Aldrich 1.2.7 0.1g
( ), ImL Do ( 15:4:1)
1.2 , 20 min,
1.2.1 24- 500 mL -20°C 16h 10000 r/min 4°C
Provasoli 10 min, 4 mL
3.0g, 24- , 0.5 mL 2, ,
0 01 02 05 1.0 mg/L 500uL (90 : 10 : 0.05, V/VIV) ,
, 20°C, 45mol/(m* s), 1.5 mL 3
25, (L:D) 12h:12h 2 1.2.8
0.5¢g 5, 3 Thermo Fisher HPLC-QqQ-MS ,
(2012) Hypersil Gold C18 HPLC
1.2.2 Water-PAM (100mm><2.1mm, 1.7 |Am), 0.3 mL/min,
(Walz, Germany) : 10 mmol/L (A)- (B), (0—
15 min, 20min B 15% 100%, Smin,
, 24- Imin 10%, 14 min; 30°C,
: PSII (Fy/Fp) 10puL
PSII (ETR) , 3kV  2.5kV,
1.2.3 30 L/min, 2 L/min,
0.1g , , 300°C, Q2 1.5V,
SmL G250 , 2min, (SRM) , ,
ODsos 0.1995Pa, Q1 Q3
: Y =0.0137X 0.0145, R*=0.9990 0.7Da
( 0—100png) 1.2.9 10.0 mg
1.24 , 11
0.1g , 10 mL, 1h, 10 mg/mL ; 1.0 mol/L
, 2, 30min, , 10 mg/mL
ImL 3mL (2.0g/L),
10min, , OD¢yo , 4°C :
© Y = Y=2x10°X + 8700.6, R°=0.9991; (Y=
0.0359X-0.0058, R*=0.9976 ( 0—80ug) 934227X + 2119.7, R*=0.9980; Y =
1.2.5 (SOD)  2><10"X + 157225, R*=0.9898;
(A001); (POD) 1Y =3%10"X+ 151561, R*=0.9931;
(A084) ( , 1Y =6>10X + 42823, R>=0.9990
) : ¥ =637984X-5149.8, R’=0.9956;
1.2.6 DPPH 1 Y="7>10"X + 560070, R*= 0.9999
0.1g , 10 mL 30 min, , , X ,Y , png/L
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Fig.1 Effects of different concentrations of EBR on endogenous phytohormone content of U. prolifera
a: TIAA; b: GA;c: ZR; d: TRZ; e: iPA; f: JA
Ic (ZR) s /R 5.31 ug/g (0.2 mg/L, 3
24- ); 2 3 ,ZR >
, ZR , 0.2 mg/L; 3.31 pg/g (0.1 mg/L) ,
24- (0.5mg/L 1.0 mg/L) 0.5 mg/L 1.0 mg/L ZR
ZR R (P<0.05) 1d R
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(TRZ) 24- PSII (Fy/Fy) PSII
, TRZ , 24- (ETR) ,
0.2 mg/L TRZ ; , FJ/F, ETR , 24-
24- , TRZ , 0.2 mg/L
, TRZ 24- , FJ/F, ETR
34.08 pg/g (0.2 mg/L, 3 ), 3, FJ/Fy
5.06 s 24- ETR
0.1—0.2 mg/L , TRZ (P<0.05) , 24-
le 24- FJ/Fy (P>0.05),
(iPA) 0.1 mg/L 0.2 mg/L, 24- F/Fp, 3
iPA , 3, iPA , 1.0 mg/L 24- Fy/Fy
7.18 ng/g (0.2 mg/L), 3.97 24- 19.40% 24-
0.5 mg/L 1.0 mg/L , ETR , 24.51%
iPA , (0.2 mg/L EBR, 2 ) ETR
, 0.2 mg/L 24- iPA 34.17% (1.0 mg/L EBR, 3 )
0.5 mg/L 1.0 mg/L (P<0.05) 2.2.2  24-
1f , 24- JA) 3a s , 24-
N 24- H >
, JA , 0.2 mg/L 0.2 mg/L ;
, JA 62.54 pg/g( 3 ), 24- ,
1.72 24- , , 24-
JA R JA 24- 0.2 mg/L.
25.74%( 4 ) 1.0 mg/L
2.2 24- 14.08%( 3 )
2.2.1 24- 3b )
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Fig.2 Effects of different concentrations of EBR on the F\/Fy, (a) and ETR (b) of U. prolifera
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Fig.3

Effects of different concentrations of EBR on soluble protein (a) and carbohydrate (b) content of U. prolifera
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: 157 (2
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Fig.4 Effects of different concentrations of EBR on the SOD (a) and POD (b) activity of U. prolifera
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Fig.5 Effects of different concentrations of EBR on in vitro

antioxidant capacity of U. prolifera
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24-
DPPH s (0.1—0.2 mg/L)24-
(0.5—1.0 mg/L) 24-
24-
FJ/F, R 1.0 mg/L 5 24-
24- ( ,2012) 0.1—1.0 mg/L
24- 0.2 mg/L 24- ,
FJ/F, ETR, 0.2 mg/L R 24- IAA GA ZR TRZ iPA JA
F.J/F, ETR 24- s F.,/F, ETR
0.2 mg/L ETR , ,
24.51% SOD POD
, , , 2011. H,0, MAPK
SOD  CAT
. ,47(10): 1010—1016
(Chlorella vulgaris) (Andrzej, 2000) 20(08)
24- ,35(5): 661—666
, 0.2 mg/L ) , , , 2012. LC-MS
24- 9 . , 32(10): 1747—1752
s , ,2014. 24-
SOD POD ,37(3): 51—56
> , , 2013. 24-
SOD
- POD O , 49(9): 929—934
(O 22 , R , 2012.
SOD CAT R
H,0, (DPT) ,28(3): 17—21
MEK1/2 PD98059 ( , 2011) 24- , , 2013.
, . ,43(12): 1047—1053
SOD POD CAT APX , MDA ; . 1997.
0, H0, ( ,2013) Choudhary (2011) - 28(4): 371375
Andrzej B, 2000. Effect of brassinosteroids on nucleic acids and
24- SOD protein content in cultured cells of Chlorella vulgaris. Plant
Wang  (2012) Physiol Biochem, 38(3): 209—215
POD , Choudhary S P, Kanwar M, Bhardwaj R et al, 2011.
Epibrassinolide ameliorates Cr (VI) stress via influencing
0.2mg/L 24- SOD the levels of indole-3-acetic acid, abscisic acid, polyamines
, SOD : and antioxidant system of radish seedlings. Chemosphere,
24. POD 84(5): 592—600
Duan X J, Zhang W W, Li X M et al, 2006. Evaluation of
> 24- (0.5mg/L 1.0mg/L) antioxidant property of extract and fractions obtained from a
s POD 1 red alga, Polysiphonia urceolata. Food Chem, 95: 37—43
(Shon etal Ganesan P, Chandini S K, Kumar C S et al, 2008. Antioxidant
’ properties of methanol extract and its solvent fractions
2003) (Duan et obtained from selected Indian red seaweeds. Bioresour

al, 2006; Ganesan et al, 2008; Matanjun et al, 2008)
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EFFECTS OF 24-EPIBRASSINOLIDE ON PHYTOHORMONE VARIATION AND
RELATED PHYSIOLOGICAL RESPONSE OF ULVA PROLIFERA

HU Wei2, SUN Xue"?, FAN Mei-Hua"?, GAO Xiu-Xiu"?, XU Nian-Jun"?

(1. Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo 315211, China;
2. Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo 315211, China)

Abstract

(EBR) on endogenous phytohormone content, chlorophyll fluorescence parameters, soluble protein and carbohydrate

Trace LC-MS method was applied to determine algal phytohormone, and the effects of 24-epibrassinolide

contents, and antioxidant capacity of macroalgae Ulva prolifera in Ningbo, China were investigated. Results revealed many
types of phytohormones such as IAA, GA, ZR, TRZ, iPA, and JA but iP. The phytohormones showed different sensitivity to
EBR, and most of them responded on the first day of treatment. Under low concentration of EBR treatment, all endogenous
phytohormone contents in U. prolifera increased, showing a tendency of first increase then decrease. The 0.2 mg/L EBR
group showed the best effect of promoting phytohormone, F,/F,, (indicative of photochemical efficiency), ETR, soluble
protein and soluble sugar contents, and POD of U. prolifera. However, the strongest in-vitro antioxidative capacity was
detected in the 0.1 mg/L EBR group.

Key words Ulva prolifera; phytohormones;

24-epibrassinolide; physiological response
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