49 4 Vol.49, No.4
2018 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2018

UVB

1,4 1,3 1 1 2 1,3
(1. 266000; 2. 000800; 3.

266000; 4. 266000)

(Sargassum glaucescens) ,
(Ultraviolet radiation B, UVB)

, UVB :
[0.5W/(m*s)] 24h , 12h
, (SOD) , (CAT)
, (APX) ; [2W/(m?s)]
3h , 6h , SOD
,CAT APX , 12h UVB
, UVB ; UVB
, UVB ,
UVB s
UVB
(Ultraviolet radiation B, UVB); ;
X173 doi: 10.11693/hyhz20180200031
20 2010), Manney  (2011)

B > >

(Ultraviolet radiation B, UVB) ,

UVB , UVB , UVB
(Ruhland et al, , 40—50 R
2007) UVB , (Weatherhead et al, 2006)
(Vass et al, UVB
2005) , , UVB
, UVB (Héder et al, 2007)
(Weatherhead et al, 2006)
(UNEP et al, (de Széchy et al, 2000),
* , 41476091 , E-mail: yuanshipeng0523@126.com
R S , E-mail: zhoubin@ouc.edu.cn; S s , E-mail:

tmlee@mail.nsysu.edu.tw
:2018-02-07, :2018-04-10



822

49

>

(Kalidass et al,2010) UVB

, UVB
(Rodil et al, 2015)
UVB
) UVB
( ,
2009)
(Surget et al, 2015)
, (ROS)
(Kim et al, 2010)
ROS ,
, ROS
ROS
ROS,
(Noctor et al, 2017)
, (
)
( )
(Ruprez et al, 2002) ,
(Aguilera et al,
2002),
( ,2009)
(Sargassum glaucescens)
( , 2000),
UVB ,
UVB ,
UVB

1

1.1 UVB

(22°18'N,120°68'E) ,

>

1, (20+£0.5)°C, 30,
100pumol/(m*-s), 12L:12D,

UVB Philips UVB ,

UVB

Hader (2007) Shiu  (2005) ,

UVB ,
0.5W/(m*s)( ) 2W/(m*s)( ),

0 1 2 3 6 12 24h,
(MDA) ,

2,3,5-Triphenyltetrazolium chloride (TTC)

1.2
(TBARS)
Heath (1986)
0.050¢g R 0.5mL 5%
(TCA) , 4°C 1200xg 10min,
0.25mL  1mL
(5% 20% TCA ) 95°C 30min,
20min, (U-8000)
532 600nm , 3
0.25mL
1.3
TTC Glazener (1991) s
10mL , 6mL 0.8% TTC ,
30 3, 18h,
, SmL 95% 100°C
20min 2 10mL,
530nm s
1.4 CAT
CAT Nakano  (1981)
) 0.0125¢g,
, ImL , , 4°C
12000xg 20min,

100pL , Bradford(1976)



4 UVB 823
100pL , (U, unit) 50%NBT
0.8mL . 0.ImL 1.7
(10mmol/L H,0,) 30°C SPSS 20 ANOVA LSD
290nm, (A4 240), )
(A4 240/5s) , P<0.05
0.ImL
. 2
(U, unit) 1mol
2.8mmol/(L-cm) 2.1
1.5 APX UVB
APX Nakano  (1981) 1 100umol/(m*s) ,
0.0125g, , 0.5W/(m*s) UVB ,
ImL 0.1mol/L pH 6.8 , ; 2W/(m*s) UVB , 3h
1% (whv) (PVPP)  0.5mL , 2 0.5W/(m%s)
2.8mmol/(L-cm) C (ASC), 4°C (P=0.023), 6h MDA
12000xg 20min, (P=0.03), , ,
100pL , UVB ,
0.5mL 0.1mol/L pH 6.0 , 3h
0.ImL (5mmol/L ASC) 0.2mL 0.5mol/L b
14} CJPAR
(Na,EDTA) , 0.1mL SSIPAR+UVB(L)
mm PAR+UVB(H)
(10mmol/L H,0,) , 30°C 12F ] A
290nm  Smin (A4 290), é’m- b a
c a
(A4 290/55) 3 Mg_aaaaa . a 2 5 S
0.ImL @ ol
&
i [
(U, unit) Imol ASC 24l
2.8mmol/(L-cm)
2_
1.6 SOD
. . 0 AN N
Superoxide dismutase(SOD) 0 3 6 12 24
Beauchamp (1971) WiE
0.0125g, R ImL 0.1mol/L pH 1 UVB (MDA)
7 , 4°C
12000x 20min Fig.1 Effects of acute UVB exposure on MDA
g ’ : PAR , PAR+UVB(L) 0.5W/(m*s) UVB
0.ImL ; 0.25mL , PAR+UVB(H) 2W/(m*s) UVB ,
5 , 0.25mL P<0.05,
0.15mol/L. pH 7.8 0.075mL
130mmol/L L- 0.075mL (Immol/L >
Na,EDTA) 0.075mL 0.63mmol/L (NBT) 2 3, 2 UVB ;
0.15mL 7.5pmol B, (riboflavin) : ,2W/(m™s)  UVB , 6h
2
) (125+25)umol/(m*:s) 0.5W/(m*s) , 12h
, 10min , (P=0.001), 24h
, (U-8000), 560nm UVB ) )
) 3, 0.1mL




824 49

1.4_— . 2.3 SOD
12+ S SOD 5, 6h
| a
E ol ,  2W/(m*s) UVB 12h
3 ol (P=0.001) 24h ,0.5W/(m>s) , SOD
© sl
2 (P=0.024), 2W/(m*'s)
g 06r SOD (P=0.010)
'ﬁ 045
F ool TS b Ba
' —A-PAR+UVB(H) Tb B 300} Ims:ws%
0.0 0 3 6 12 24 §
i1 (h) o 2501
\,JE a
2 UVB (TTC) § 200
Fig.2 Effects of acute UVB exposure on TTC g
] 150+ b
x
i b
’ } ’ 100}
‘ \ ‘ ‘ ‘ 50— 3 6 12 24
XUgB4 12h Y§RLE 24h w1 (h)

’ ‘ \ ‘ , 5 UVB (SOD)

) Fig.5 Effects of acute UVB exposure on SOD
UVB 2W/(m*s) 3h  UVB 2W/(m?s) 24h

14 1 o »

UVB 0.5W/(m%*s) 6h UVB 0.5W/(m?*s) 24h 3h ,
2W/(m*s)UVB ,3h , APX
3 (TTC) (P=0.006), CAT

Fig.3 The dye of TTC on leaves of Sargassum glaucescens
(P=0.008), 6h )

2.2 , 12h  CAT APX
45 2w/(m2S) (PCAT:O.OOI, PAPXZO.OOI) 5
UVB , 6h , 12—24h
(P=0.023), 24h 0.5W/(m*s) ; 0.5W/(m*s) UVB ,
UVB , UVB , 12h
[ -=PAR
25¢ a ggﬁsmva(u 5 8907 —e-PAR+UVB(L)
- mm PAR+UVB(H) 3 - —A- PAR+UVB(H)
_ 200 a E s00r b
£ a £ I
%15_??6 {»a Lo 0, 22 1o 400r
R e 1N g
"
% 1.0H X %ﬁ i
o e 200»—
0.5 g
£ 100}
5
N N R . \ . ! !
00— 3 6 12 24 00— 3 6 12 24
6518 (h) gyiE (h)
4 UVB 6 UVB (APX)

Fig.4 Effects of acute UVB exposure on total protein content Fig.6 Effects of acute UVB exposure on APX



4 : UVB 825
s00L ™ PAR (ROS)
—e— PAR+UVB(L)
—4— PAR+UVB(H) b 5
éé) 400 - (Holzinger et al, 2009)
£ I
o 300}
P I (Schmidt et al, 2009)
i 200} ,
R
I
2 100}
I TTC
" 3 6 12 2 ’ ’
518 (h)
7 UVB (CAT) ’
Fig.7 Effects of acute UVB exposure on CAT >
, , UVB
(PCAT:O'OO?’a PAPX:().OOI), 12—24h 5 Dohler(1998)
12h Leptosomia simplex UVB
3 , Altamiran  (2000) UVB
’ UVB , ,
’ UVB
uvB ’ UVB , SOD
UVB
’ ’ (2009) SOD
(Rousseaux et al, 2004) Shiu (2005) UVB
) , SOD
UVB ) SOD >
2W/(m*s) (2009) ,
PAR+UVB
s , (2014)
) UVB ,
) UVB , )
s Nedunchezhian
(1992) UVB , (MAAS)
> ( (Ruhland
) ) UVB , et al, 2007)
APX CAT , Shiu (2005)
(BiSChOf et al, 2006) (2006) UVB Ulvafasciata APX R

> > >

UVB

>

, UVB CAT



826

49

Chlorella  pyrenoidosa (Chen et al, 2003)
24h , APX
0, UVB
) , UVB
, SOD
, , CAT

, ROS

E B

: 24h

Sgherri  (1994) GR

GR
ROS ,
ROS

>

(Shigeoka et al, 2002)

>

(Foyer et al, 2017)

4
UVB , UVB
24h
SPSS LSD , UVB
[0.5W/(m*s)JUVB

UVB ; [2W/(m?s)]
UVB , UVB
UVB , UVB

, 2014. (Gracilariopsis lemaneiformis)
UV-B
,2006. UV-B

DNA . , 17(1):
123—126
R , , 2009. UV-B
( ), 39(6): 1246—1250
, 2000. ( ). : ,
218—226
Aguilera J, Bischof K, Karsten U et al, 2002. Seasonal variation
in ecophysiological patterns in macroalgae from an Arctic
fjord. II. Pigment accumulation and biochemical defence
systems against high light stress. Marine Biology, 140(6):
1087—1095
Altamirano M, Flores-Moya A, Figueroa F L, 2000. Long-term
effects of natural sunlight under various ultraviolet radiation
conditions on growth and photosynthesis of intertidal Ulva
rigida (Chlorophyceae) cultivated in situ. Botanica Marina,
43(2): 119—126
Beauchamp C, Fridovich I, 1971. Superoxide dismutase:
improved assays and an assay applicable to acrylamide gels.
Analytical Biochemistry, 44(1): 276—287
Bischof K, Goémez I, Molis M et al, 2006. Ultraviolet radiation
shapes seaweed communities. Reviews in Environmental
Science and Bio/Technology, 5(2—3): 141—166
Bradford M M, 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical Biochemistry,
72(1—2): 248—254
Chen K, Feng H, Zhang M et al, 2003. Nitric oxide alleviates
oxidative damage in the green alga Chlorella pyrenoidosa
caused by UV-B radiation. Folia Microbiologica, 48(3):
389—393
de Széchy M T M, de Paula E J, 2000. Padrdes estruturais
quantitativos de bancos de Sargassum (Phaeophyta, Fucales)
do litoral dos estados do Rio de Janeiro e Sao Paulo, Brasil.
Revista Brasileira de Botanica, 23(2): 121—132
Dohler G, 1998. Effect of UV radiation on pigments of the
Antarctic macroalga Leptosomia simplex L. Photosynthetica,
35(3): 473—476
Foyer C H, Ruban A V, Noctor G, 2017. Viewing oxidative stress
through the lens of oxidative signalling rather than damage.
Biochemical Journal, 474(6): 877—883
Glazener J A, Orlandi E W, Harmon G L et al, 1991. An
improved method for monitoring active oxygen in
bacteria-treated suspension cells using luminol-dependent
chemiluminescence. Physiological and Molecular Plant
Pathology, 39(2): 123—133
Héder D P, Kumar H D, Smith R C et al, 2007. Effects of solar
UV radiation on aquatic ecosystems and interactions with
climate change. Photochemical & Photobiological Sciences,
6(3): 267—285
Heath R L, Packer L, 1968. Photoperoxidation in isolated
chloroplasts: 1. Kinetics and stoichiometry of fatty acid
peroxidation. Archives of Biochemistry and Biophysics,
125(1): 189—198
Holzinger A, Roleda M Y, Liitz C, 2009. The vegetative arctic

freshwater green alga Zygnema 1is insensitive to



4 : UVB

827

experimental UV exposure. Micron, 40(8): 831—838

Kalidass C, Jayarani S, Glory M, 2010. Effect of seaweed liquid
fertilizer on growth and biochemical constituents of
Brassica nigra Linn. International Journal of Agriculture,
Environment and Biotechnology, 3(3): 307—311

Kim J A, Kong C S, Kim S K, 2010. Effect of Sargassum
thunbergii on ROS mediated oxidative damage and
identification of polyunsaturated fatty acid components.
Food and Chemical Toxicology, 48(5): 1243—1249

Manney G L, Santee M L, Rex M et al, 2011. Unprecedented
Arctic ozone loss in 2011. Nature, 478(7370): 469—475

Nakano Y, Asada K, 1981. Hydrogen peroxidePeroxide is
scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant & Cell Physiology, 22(5): 867—880

Nedunchezhian N, Annamalainathan K, Kulandaivelu G, 1992.
Induction of heat shock-like proteins in Vigna sinensis
seedlings growing under ultraviolet-B (280—320nm)
enhanced radiation. Physiologia Plantarum, 85(3): 503—506

Noctor G, Reichheld J P, Foyer C H, 2018. ROS-related redox
regulation and signaling in plants. Seminars in Cell &
Developmental Biology, in press, 80(8): 50—64

Rodil I F, Lucena-Moya P, Olabarria C et al, 2015. Alteration of
macroalgal subsidies by climate-associated stressors affects
behavior of wrack-reliant beach consumers. Ecosystems,
18(3): 428—440

Rousseaux M C, Julkunen-Tiitto R, Searles P S et al, 2004. Solar
UV-B radiation affects leaf quality and insect herbivory in
the southern beech tree Nothofagus antarctica[J]. Oecologia,
138(4): 505—512

Ruhland C T, Fogal M J, Buyarski C R et al, 2007. Solar
ultraviolet-B radiation increases phenolic content and ferric
reducing antioxidant power in Avema sativa. Molecules,
12(6): 1220—1232

Rupérez P, Ahrazem O, Leal J A, 2002. Potential antioxidant

capacity of sulfated polysaccharides from the edible marine
brown seaweed Fucus vesiculosus. Journal of Agricultural
and Food Chemistry, 50(4): 840—845

Schmidt E C, Scariot L A, Rover T et al, 2009. Changes in
ultrastructure and histochemistry of two red macroalgae
strains of Kappaphycus alvarezii (Rhodophyta, Gigartinales),
as a consequence of ultraviolet B radiation exposure. Micron,
40(8): 860—869

Sgherri C L M, Loggini B, Bochicchio A et al, 1994. Antioxidant
system in Boea hygroscopica: Changes in response to
desiccation and 37(2):
377—381

Shigeoka S, Ishikawa T, Tamoi M et al, 2002. Regulation and
function of ascorbate peroxidase isoenzymes. Journal of
Experimental Botany, 53(372): 1305—1319

Shiu C T, Lee T M, 2005. Ultraviolet-B-induced oxidative stress
and responses of the ascorbate—glutathione cycle in a marine

rehydration. Phytochemistry,

macroalga Ulva fasciata. Journal of Experimental Botany,
56(421): 2851—2865

Surget G, Stiger-Pouvreau V, Le Lann K ez al, 2015. Structural
elucidation, in vitro antioxidant and photoprotective
capacities of a purified polyphenolic-enriched fraction from
a saltmarsh plant. Journal of Photochemistry and
Photobiology B: Biology, 143: 52—60

UNEP, Environmental Effects Panel, 2010.
Environmental effects of ozone depletion and its interactions

Assessment

with climate change: progress report, 2009. Photochemical
& Photobiological Sciences, 9(3): 275—294

Vass 1, Szilard A, Sicora C, 2005. Adverse effects of UV-B light
on the structure and function of the photosynthetic apparatus.
In: Pessarakli M ed. Handbook of Photosynthesis, 2nd ed.
New York: Marcel Dekker, Inc., 827—843

Weatherhead E C, Andersen S B, 2006. The search for signs of
recovery of the ozone layer. Nature, 441(7089): 39—45



828 49

EFFECT OF ACUTE UVB RADIATION ON THE ANTIOXIDANT
SYSTEM IN SARGASSUM GLAUCESCENS

YUAN Shi-Peng"*, TANG Xue-Xi"?, YU Qi', ZANG Yu', LEETM? ZHOU Bin'?

(1. Ocean University of China, Qingdao 266000, China; 2. National Sun Yat-sen University, Gaoxiong 000800, China;
3. Laboratory of Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266000, China; 4. Qingdao National Laboratory for Marine Science and Technology Joint Laboratory for Deep
Blue Fishery Engineering, Qingdao 266000, China)

Abstract Sargassum glaucescens is an important macroalga in Taiwan, South China. However, its physiological
response to ultraviolet radiation remains unclear. This study focuses on the physiological response of S. glaucescens under
acute ultraviolet radiation B (UVB). A low-intensity UVB [0.5W/(m®'s)] and a high-intensity UVB [2W/(m*'s)] irradiation
group was set up. The results show that the low-intensity group showed no significant oxidative damage and protein
content variation in 24h; however, the cell viability was reduced significantly in 12h. SOD activity decreased with the
irradiation time, CAT activity increased and then decreased, APX activity did not decrease significantly. In the
high-intensity group, an obvious oxidative damage occurred in 3h. The cell activity and protein content decreased
significantly in 6h. SOD activity decreased with the irradiation time. Both CAT and APX activities increased at first and
then decreased, and enzyme activity decreased significantly in 12h. Therefore, the low-intensity radiation effect on S.
glaucescens was relatively small as S. glaucescens could tolerate UVB radiation to some degrees. However, the effect of
high-intensity UVB radiation was significant. A continuous increase of high-intensity UVB radiation would exceed the
tolerance limit of S. glaucescens, and then lead to an adverse effect. This study revealed preliminarily the physiological
response of S. glaucescens to an increasing acute UVB radiation, providing a reference to study the ecological effect of
UVB radiation enhancement.

Key words ultraviolet radiation B (UVB); Sargassum glaucescens; antioxidant system



