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Response of sinapate esters in Arabidopsis thaliana to UV-B radiation
LI Min, WANG Yin, MU Xiaofei, WANG Yang, YAN Xiufeng "

Alkali Soil Natural Environmental Science Center, Northeast Forestry University/Key Laboratory of Saline-alkali Vegetation Ecology Restoration in Oil Field,
Ministry of Education, Harbin 150040, China

Abstract: The impact of UV-B radiation (280 to 320 nm) at the earth’s surface is predicted to increase because of the
anthropogenic depletion of stratospheric ozone caused by industrial emissions of atmospheric pollutants. Plant growth and
productivity are compromised by excessive UV-B because it damages DNA, RNA, and proteins. Plants are thought to
employ a variety of UV-B-protective mechanisms, including accumulation of a range of secondary metabolites, which in turn
affect numerous physiological functions. Sinapate esters are a group of hydroxycinnamic acid derivatives found abundant in
cruciferous plants, e. g. , Arabidopsis thaliana. One of the functions of sinapate esters is to protect plants from harmful UV
irradiation. It has been suggested that sinapate esters provide greater UV-B attenuation than flavonoids. Unlike flavonoids,
studies of sinapate esters UV-B absorption are rare, despite their widespread occurrence throughout the plant kingdom. In
the past decades, gene-knockout mutants have provided an opportunity to study the role of sinapate esters in protecting the
leaves against the deleterious effects of UV-B radiation. However, none of these studies offered insights into the profiles of

the sinapate esters in the wild-type plants in response to UV-B irradiation. Here we report the profiles of sinapate esters and
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the expression of related genes in response to UV-B radiation (40 wW/cm®) for 7 days in model plant A. thaliana. The
seedlings were exposed to UV-B radiation at two different growth stages: young plants (1 week after planting, 2 cotyledons)
and mature plants (2 week after planting, 4 rosette leaves). Chlorophyll a/b ratio, an indicator of plant damage caused by
UV-B, was not significantly affected by UV-B radiation both in young and mature plants. It suggests that the intensity of
UV-B used in our research is not harmful to A. thaliana. Results may also indicate under this UV-B radiation, plants have
the ability for self-repair. Two sinapate esters were detected in A. thaliana leaves including sinapoylglucose ( SG) and
sinapoylmalate ( SM ). The sinapate esters were accumulated in response to 7 day UV-B exposure. The levels of
sinapoylglucose and sinapoylmalate in young and mature plants were higher than those in control plants after UV-B
treatment. The content of sinapoylmalate was an order of magnitude higher than sinapoylglucose in both young and mature
A. thaliana. The proportion of sinapoylmalate increased with UV-B treatment, while the content of sinapoylglucose showed
a significant decrease. The significantly higher expression of SNG1 was also observed in UV-B treated plants than in
control. These results indicate that sinapoylmalate biosynthesis plays an important role in response to UV-B radiation. In
addition, the contents of two sinapate esters in young plants were more than ten times higher than those in mature plants
since the biosynthesis related genes, FAH1 and SNG1, showed higher expression in the young plants. Meanwhile, the
amplitude of sinapoylglucose and sinapoylmalate variations in response to UV-B is substantially greater in mature plants
(21.88% and 70.63% respectively) than in young plants (7.01% and 6.05% respectively). These results indicate that
sinapate esters are effective UV-B protectants, which exhibit constitutive defense response in young plants and inducible

defense response in mature plants.

Key Words: sinapate esters; UV-B radiation; Arabidopsis thaliana
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E1 EFHAFRFFRENSREREE
Fig. 1 HPLC chromatogram of sinapate esters identified in Arabidopsis
SM: JFFBESE AR ( sinapoylmalate ) SG : F+F Filt 7 49 4l ( sinapoylglucose ) KA : 1L Z5} ( kaempferol, PIF5)
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J& , % Dissociation Curves Software( MJ Research Inc. ) B4 23 MM th 2k , BRARARHEEIBE HEL 1k A PCR P29 K
DL E PR R S . DL Actin2 (ABg18780) Sy N B fi 1K1 Q-Gene 1135 fahl 1 sngl H& K A4 A X 2635
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Table 1 Sequences of forward and reverse primers in real-time RT-PCR

P Gene {37 15, Locus B1YF51 Primer sequences(5'—3")
sngl A2g22990 F. GGTGGGTTTGAAGTTTGAGGTGT / R: TTGTGAGATTTCTTGAACGAGGG
fahl At4¢36220 F: AGCTGAGTCATGGGCTTCAGTTC / R: TCGATAATATCGTCAATAAATCCGTC
actin2 A13g18780 F. TCCAGGAATCGTTCACAGAA / R: GCTACAAAACAATGGGACTAAAA
1.6 Zumiba
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255 W
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° — ¥ == FE-———¥F¥-"—F-----%
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z ; ot
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_,ﬁ_ 0.5} Far 05 SR

B | ‘ ‘ ‘ I 0 1 1 1 |
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I5f 1] Time I5f ] Time

B2 #EETFIEE a/b Ex UV-B B HIMMEL CFH{H ARk )
Fig. 2 Influence of UV-B radiation on the chlorophyll a/b ratio change of Arabidopsis( mean+SD)
* FRNAL B X 22 5 2 (P<0.05)

2.2 GFTPRER S EXT UV-B ST 1
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Fig. 3 Influence of UV-B radiation on the sinapoylglucose content of Arabidopsis( mean+SD)
* RN AL P 5 IR 25 R B 3 (P<0. 05)
- T —®— UV-BAbE
UV-Bon UVBoff UV-B off
500 ¢ 60 -
400 | L/VE\I S0F
~ * *
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< 300 L ¢
g L D! *
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iﬂﬂﬁ 100 M 2t A
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5} 1] Time

B4 WEFFFHRERBRESX UV-B EETHINGE (V- bRk )
Fig. 4 Influence of UV-B radiation on the sinapoylmalate content of Arabidopsis( mean+SD)

#* FRAL B X IR 22 5 3 (P<0.05)
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