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Abgract Sudy on the antioxidant sygemsof Polygonum viviparum grown at two different atitudes indi-
cated plants grown a Haibei Research Sation at 3200 m atitude as conrpared with plants grown in Xining
a 2300 m dtitude had gpparently higher contents of ultroviol et-absorbing compounds and asoorbic acid
and dgnificantly higher activitiesdf superoxide dismutase , peroxi dase and asoorbic peroxidase. Higher con-
tents of superoxide radical anions and malonadehyde were al < found in plants at Haibel Research Sation as
cormpared with the plants grown in Xining which have been tranglanted from Haibel Research Sation for at
leag four years. The differences in antioxidant sysem reflect a long term of time of adgptation to different
environments.
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1 Introduction

Hants are subjected to mild or severe photoi nhibition owing to gpecia conditions of low tenperature , high radia
tion, eecialy high level of ultraviolet radiation (UV-B) . In recent two to three decades, photoinhibition and
photorepairation have become heated topics. Lots of invegigations have been made to determine occurrence mechar
nisms and consequencial efects of photoinhibition. Al , a lot of documents have dated the photoprotective sysems
(antioxidant sysems) containing in plants grown under specid conditions. Investigation with apine plantsin natura
conditions was gill rare. Direct lar radiation intendgty is grong and acoounted for 70 % of tota radiation at Haibei
Research Qation!?. Usually total radiation intendty reaches 1000 W- m?, and photosynthetic active radiation will
reach 2300 2400M nol- s*- m?, UV-B radiation intensty will reach 1004 W- cm? between 11 00 and 16:00 in
sunny days in June and JuIy[S] . In which ways can plants be adaptable to these gecia conditions and prevent their
photosynthetic gpparatus from photoi nhibition ?What roles do antioxi dant sysems play during growing season ?In order
to ansver these quedions, this gudy was conducted to determine differences of antioxidant sysems of Polygonum
viviparum grown & two different atitudes.

2 Material and Methods

* research was gponsored by Nationd Fund of Natura Science. (39570129 ,30270217)
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2.1 PFant materialsand growth conditions

Pdlygonum viviparum in this sudy were collected from Haibei Research Sation of Alpine Meadow Ecosysgem
(Latitude: 37°29° 37°45 ; Longitude: 101°12°  101°33' ; Hevation: 3200 m) and Northwegt Inditute of Fateau
Biology (Xining, Hevation: 2300 m) inJune 1998. Polygonum viviparum oollected in Xining were trangolanted from
Haibel Research Sation for at lead four years amp.

2.2 UAP  determination

Acoording to Day!*! , 0.2 g plant ledf materials were put into 15 il acidized metharol and heated up for 10
min, cooled at room temperature for 15 min then filtered and added up to 25 ni for measurement.

Relatively quantify the content of ultraviol et-absorbing conpounds (UAP) as manifesed by ABS (absorbance) at
300 nm wavelength.

2.3 Ascorbic acid measurement
The contents of ascorbic acid were determined as described by Hughed® with UV-1601 ultrarvisble pectrome-
ter made by Shidanzu Gomp. Jagpan.

2.4 Enzyme asay

2.4.1 Extraction

Polygonum viviparum leaves (0.2 g) were hormogenized with 62.5 mM PBS ( pH = 7.8) containing a few
quartz sand & 4 . The hormogenate wasfiltered and centrifuged at 4000 gfor 10 min. The supernatant was collected
and added up to 100 ni for enzyme activity assay.
2.4.2 SOD activity deter mination

0D activity was determined as described by Liuf®! . The assay wasperformed & 20, 10U nol - s* mi? radi-
aion conditionsin a 3 mL cuvette containing 2.4 nl 62.5 mM FBS, 0.2 L 3. 6 nM lactdflavin, 0. 2nL 30 mM
methionine, 0.1 mL 3 mM BEDTA , 500 L extraction solution and 0.2 L 0. 125 mM NBT (add in turn) for 25 min.
Use UV-1601 ultrarvisble spectrometer to detect SOD. One unit of SOD is described as the amount of enzyme that in-
hibited the rate of NBT reduction by 50 %, namdly ,J /mg- PFW - min, whereld = (ABSmux - ABSseonm) /  (AB S/
2).
2.4.3 POD activity deter mination

Acoording to Zhang!”! | the assay was carried out in a 3 L cuvette containing 1 L extraction ol ution and 2 i
reaction mixture (to make it, add 28 L hydroxyberzene and 19 mL HO,to 50 mL. , pH = 6.0, 100 mM FBS).
The activity of PFOD was described as the decline rate of ABS a 470 nm wavelength , which can a9 be expressed as
AAmlg- PW - min.
2.4.4 APX activity asay

The assay was performed in a 3 L cuvette containing 2.5m. 50 mM pH = 7.0 BBS, 0.3 nL 50 mM AsA ,
0.1m 0.1 mM HyO, and 100U L enzyme extraction usng UV-1601 ultrarvidble gpectrometer acoording to Nacano
and Asadal®!. The APX activity was described asA Ago/ Mg - FW - min.
2.4.5 MDA and O, “measurement

The extraction was the same as for enzyme determinations above. MDA was defined as described by Liuf®! | 1
mL of enzyme extraction mentioned above and trichloroacetic acid (TCA) (in which 0.5 % sulfur permued barbital
acid, TBA, was contained) were mixed and covered and kept koiling for 15 min and cooled quickly. Use

Abreviations AOS: activated oxygen ecies; 0D : aperoxide dimutase; AsA : asorbic acid; UAP: utrarabsorbing commpounds; POD : peroxi-
dase; MDA : melond dehyde; UV-B : utraviolet-B radiation; MET: methionine; ABS: abrbance; FBS: phopherate buffer olution; GR: dutathione re-
ductase; APX: asoorbic peroxidase
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trichloroacetic acid as blank to measure ABS values & 532 nm and 600 nm, then calculated the content of MDA ac-
cording to the following equation: A nol MDA x (532 nm- 600 nm) = 1.55 x 10°. The content of MDA was ex-
presed asp mol/ g - FW.

O, ~determination was performed as described by Wang!®with some nodifications. The 0.9 L of enzyme ex-

traction mentioned above and 50p L 0.01 nmnol/L of hydrochlorinated H,NOH were mixed , and &ter reacted for 20
min a room temperature, 1 mL 1 % of 0 - ngphthalene amine and 0. 33 % benzidine sulfonic acid were added and re-
acted for 15 min. The relative content of O, “was defined as ABS a 530 nm wave ength.

3 Results and discussion

3.1 UAP

The rdlative content of UAP was exhibited higher in  Polygonum viviparum grown a Haibei Research Sation as
conpared with the plants grown in Xining(Tab. 1) . This higher content of UAP may be due to the induction efect of
higher ultraviolet radiation intendty and its subsequent adaptive reaction in plants grown at higher dtitude (3200 m) .
Sudy has indicated that ultraviolet radiation intendty at Haibel Research Sation was 1. 4 times gronger as the one in
Xining!®!. UAP, mainly containing in epidermis cells, plays an inportant role in preventing plantsfrominjury. Yit*%!
and Shi'™*! reported that the higher UV-B radiation plantswere grown , the higher contents of UAP were contained in
plants, and thus, the higher UV-B radiation would increase the content of UAP.

3.2 AsA

The content of AsA was dgnificantly higher in Polygonum viviparum grown & Haibel Research Sation than
those plants grown in Xining (Tab. 1) . AsA plays a key role as antioxidant and oxygen- scavenger in plants. Higher
content of AsA was related to higher capacity for antioxidation under high radiation condition. Previous sudied !
indicated that AsA could react with hydroxyl radical (- OH™) , reduce superoxide anion radicad (O, ) , quench
snget oxygen (*0,) and clean hydrogen peroxide (H,O,) through the ascorbate dehydroascorbate system.  In addi-

tion, AsA participates in xanthophyll cycle as a reductant in which zeaxanthin plays a key role in redging low tem-
perature and high radiation stresses!™ .

Tab.1 Comparison o the contents o ultravidet-absor bing compounds ( UAP) and AsA o
Polygonum viviparum grown at Haibei Research Sation and in Xining

Location Ultraviol et-absorbing conpounds(ABS) ASA (mmol/ g FW)
Xining(2300 m) 2.06+0.06*" 0.46+0.03*"
Haibei Sation (3200 m) 3.23+0.04™ 0.56+0.01"

amEach of the data was the average of three measurements;
pnData in the same oolumn with different Ietters are Sgnificantly different a the levd of P<0.05,

the same below.

3.3 SOD, POD and APX

The activitiesdf SOD , POD and AsA-POD of  Polygonum viviparum grown a Haibei Research Sation were al
dgnificantly higher than thosein Xining (Tab. 2) . Sime studies suggesed the above three enzymes can enhance an
ti-cold and anti-drought capacity of plants. Higher activitiesof SOD , FOD and AsA-FOD of Polygonum viviparum -
gown at Haibei Research Sation were a long-term adaptive drategy. S0Ds, often clasdfied into three didinct types
acoording to their metal cofactor : Cu/ Z-SOD , M- SOD and Fe- SOD!™! | can catalyze the dismutation of superoxide
to hydrogen peroxide and nolecular oxygen , and hydrogen peroxide can react with AsA through ascorbate peroxi dase
into water and oxygen. PODs usudly occur as multiple nolecular forms and have a number of potentia rolesin plants
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growth , development , and differentiation!*®!. FOD metabolizes H,O; to water. Enhanced POD activity suggested that
high radiation intendty , egeciadly under low temperature conditions may have enhanced the synthessof FOD. APX
acts in conjunction to metabolize H,O, to H,O through a metalolic cycle, widely known as the asoorbate-g utathione
cycle or Haliwel-Asada pathway.

Tab.2 Comparison o the activities o superoxidase, peroxidase and ascor bate peroxidase and the contents & MDA
and superoxide radical of Polygonum viviparum grown at Haibei Research Sation and in Xining

Speroxidase Peroxi dase Asgoorbate peroxidase MDA Superoxide radica
Locations and dtitudes 1 " 4 . -1
gt Pw) | AAmgH FW- min?) OAgg ™ FW- mind @Unol-gt Fw) (ABS
Xining(2300 m) 370+6.4%" 8.67+£2.8*" 8.01+1.05*" 48.3+£3.5*" 0.46+£0.06"
Haibel Research Sation (3200 m) 390+8.2"" 42.0+13.6™ 11.89+2.81"" 71.7+4.1™ 0.47+0.04°*"

3.4 MDA and O, ~

Gontent of MDA , an inportant indicator of the degree of membrane damege, was about 50 % higher in Poly-
gonum viviparum grown & Haibei Research Sation than that in Xining shown in Tab. 2 However , the content of O, ~
had no dgnificant difference ( P>0.05) between the plants grown a two atitudes (Tab.2). It is reasonable to
proposed that membrane damage was nore severe in Polygonum viviparum grown & Haibel Research Sation though
O, ~was dficiently cleansed by lots of oxygen-scavengng sysems, which reveded that other active oxygen fecies

(AOS) , beddes O, —, produce damage to membrane of cdlls.

Active oxygen species (AOS) , which exhibit damages to plant cell membrane and invoke photoinhibition, can
be produced during photosynthetic process in plants grown at sress conditions. Decread ng the activitiesof AOS can,
to me extent , release the damage to plants!’”). However , plants metabolize AOS by invoking the antioxidant de-
fence sysem!®® ! This sysem consists of non-enzyme-catalyzing antioxidants, such as asoorbic acid , g utathione
caroteroids ,0-tocopheral and flavoroid®”! | aswell as ome enzyme- catalyzing antioxi dants such as SOD ,FOD ,APX ,
GR (gratathione reductase) and o on!®?!. Although poorly containing in plants, they play inportant role in plants
and serve as antioxidants and protect plants againg the destruction caused by active oxygen ecies (such as snget
oxygen O, , superoxide anion radical O, ~, hydrogen peroxide H;O, and hydroxyl radical ©®H™ ) . The main photo-ox-
idative damage in chloroplads is resulting from the formation of snget oxygen by interaction of ground sate triplet
oxygen with triplet gatesof excited chlorophyll , or from the formation of superoxide radica s through oxidation of ferro-
doxin by the Mehler reaction or ome related oxygen gpecies®! .

ol d-acclimated plants and sun plants always exhibit a condderably higher level of AsA, SOD, FOD, and APX
activities®! . Inthis gudy , higher contentsor activitiesof antioxidation sysems exhibited in the plants grown at high-
er altitude areas, which reveded that dpine condition can easly induce production and assmilation of antioxi dant
sygems, and differences of antioxidant sysems between Polygonum viviparum grown at two different atitudes repre-
sent a long-term adaptive drategy to alpine environmerts.

| would like to gve goecia thanksto Prof. Ben Qui- Ying who has contributed a lot of ingruction to this sudy ,
to Dr. Andrew |. Hsdao thank for critica reading of the manuscript.
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