
Phyton(Austria)

Spccial isstict
"APGC 2004"

、FOl.4S Fasc 4 (493)―(496) 1 102005

Effect of Ozone Exposure on the Photosynthetic Acロ

tivity at Cellular Level:Chlorophyll Fluorescence

Atticroscopic lmaging Analysis

By

R  E N D 0 1 ) ・A  K o N I S H l い & K  O M A S A l )

Kcy 、 v o r d s i Chiorophyll fluorcsccncc inlaging.ozonc.photosynthctic activityl mi―

croscopc

S u m m a r v

ENDO Rl Koヽ IsHI A &OMASA K 2005 Effcct of ozonc cxposurc on thc photosy】 lthctlc

activity at ccllular icvcL chlo「Ophyll nuorcsccncc nlicroscopic imaging analysis 一Phylon(Hom,

Austria)45(4):(493)―(496)

O z o n c  i s  o n c  o f t h c  m o s t i l l a l o r  g i O b a l  a i r  p o l l u t a n t s , i n d u c i n g  v a r i o u s  f o n n s  o f  d a l n a g c  t o

plants Thc concclltration of stirfacc ozonc is incrcasing in lllany industrial countrics ln this sttldy、
lllicroscopic imagcs of rluorcsccncc paralllctcr ΦPs1l fl oln suFif10ヽvcr(Frf′′tr〃rr7″S`7′?′2211′SL)lcavCS

、vcrc uscd to asscss thc cfScct ofozonc cxposurc on thc photosynthctic activity at ccllular lcvcl ΦP、11

givcs thcorctically thc opcrating quantulll cficicncy of photosystcill II(PSII)photOChenllstrv、thcrc―

forcA it can bc a rclativc illcaSurc ofthc phOtOsynthctic cicctron transpori throモIgh PSII

At a photosynthctically activc photon atix of 300 11illol lll=si and 75'6 rclativc huillidity、

chiorophyll llliorcsccncc and OPsll of the tlppcr surfacc、vcrc uniformly distributcd across thc lcaf

surfacc bcforc o∠onc cxposurc Aftc「 12h cxPosurc to 300 ppb ozonc at a PPF of300卜linol ill=s 、

chiorophyll lluorcsccncc intcnsity of ozonc lllltirCd iCavcs sho、vcd iargc hctcrogcncity across thc

lcavcs Ho、vcvcr. thc rluOrcsccllcC intCnsity had no rclcvancc to thc distancc froill stomatal porcs

、vhich arc bclic▼cd to bc a main path、vay of ozonc on thc icafstirfdcc On thc othcr hand、ΦPsH、vcrC

Linitthrlllly distributcd across thc lcaf surfacc and did llot dccrcasc siglllicalltly colllparCd、vith tllc

ΦPsII、vithin control lcavcsi stiggcsting that dccrcascs in opcrating qtlantt111l cfflcicncy of photosys―

tclal II had not occtil■ed by the ozonc cxpostlrc

Conscq、lcintly,OzOnc pcnctration sccms to affcct thc chiorophyll fltiorcsccncc intcnsity in―

dcpcndclltly of thc distribtition of stoillata,and not to atfcct thc photosynthctic clcctron transport
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I n t r o d t l c t i o n

ln stratosphcrcn Ozonc、vorks as a natllral scrccn frolll thC llarlllftll ciミccts of

tiltraviolet radiation(N(〕ucH1 2002) AlthoughH trOposphcric ozollC iS Onc of thc

niost malor global air pollutants,causing serious vcgctativc dalllagc and forcst dc―

clinc  Stratosphcric ozOnc is dccrcasing dtic to dcstrtlctlon by human― madc

ch10rOfluorocarbons and NO、 ぅ、vhllc thc conccntration of ozonc in thc ground stlr―

facc is stablc or incrcasillg lncreascs in thc silrface ozonc concentration in many

industrializcd countrics are largcly callsed by photochcnlical oxidant pollution、

produccd in the atlllospherC by conlplex photochclllical reactions involving 卜fO、

and hydrocarbons(Noヒ (H12002、 OMASA&a1 1981)

For nondcstRICtiVe asscssmcnt of photosynthctic activity, chiorophyll α

fluOrcsccncc llleaSllrclalcnt is vclw effcctivc(KRAUSE&｀ VEIS 1991,GovINDJEE

1995,Ll(,HTENTHALER 1988)FurthcllllorC.thc applicatlo■ of imaging tcchniqucs

makcs thc spatial analysis ofchlorophyll fluorcsccncc pOssible(OMASA&a1 1987.

DALEヽ 千&a1 1989、 LicllTENTHALER&MlEHE 1997.GovINDJEE&NEDBAL 2000.

OMASA&TAKAYA卜 lA 2003)Rcccntly、 llaicroscOpic lluorcsccncc inlagillg systcnls

havc bccn dcvclopcd ttr cc‖ lllar-lcvclA arid cvcn chloroplast―icvcl. allalyscs

(OXBOROUGH & BAKER 1997. ENDO & a1 2002. ENDO & OMASA 2004)

OXBOROUGH&BAKER 1997 obsclArcd chlorophyll fluorcsccnce llnagcs of individ―

ual stomata ofintact leaves and calculatcd thc photosystem II(PSII)phOtOChcmical

yicld,Φ PslI、which is a nlcasure oflincar clcctrOn transpolt activity through PSII

In this stildy、ぃ′c rcport the cdcct of thc OzOnc expOsurc on photosynthctic

illlullcs of plants cc11 1111libition of photosyntllctic activitics by thc ozonc cxposure

ぃras arlalyzcd by tlsing a redcctcd light in3ages‐ lluorcsccncc intenslly illlagcs and

C,Psll imagcs

M a t c r i a l  a n d  l ヽ 4 c t h o d s

Sccds of a stinno、 cr(〃 ?′′̀ア′?rんゼ′ざと,"′7"WS L)wcrc grOwn in a conけ olにd cn、lrolllllclll

chan〕bcr and thc plaiⅢls、crc gro、ヽすn for 4 wccks Thc planis、 FヽCrC llltiminilicd ttr 12 h cach day

、ヽlith fltlorcst‐cnt lighis at41 PPF oF S00卜iniol lll=s i Air tcnlPcrat(lrc was 26 5ドC d、lring thc dayをヽ1ld

2(〕0ぐ( at rliどht Rclati、c lltllllldity、、as 45!。dtiring thc day and 60,O at iliさht Pit11lts、CrCヽヽatct ctl

datly、vith a ntitricnt soltition(111000 dilutioll of HヽPONc、 )In thC CXpcrllllcint、 thc plants、vcrc

c、poscd to ozo【latcd air colltailllllg 300 ppb(tin intCrillc(liatc conccntralon)よJr 12h Thc ozonc con―

c c n t i a t i o l l  i n s i d c  t h c  c h a l l l b c r、a s  l l l o n i t o r c d  c o n t i n t l o u s l y  w i t h  a  n i o l l l t o r ( M O D E L  1 2 0 0、D y i c c )

Thc cornputcr―aidcd lllicroscopic illlaging systcmゴor allalyzlllg chiorophyll a lltiorcsccllcc

口scs an opticai nllcroscopc、ith a 10x o町cCtiイヽcに ns(MlutOyo.BD Plan Ap0 10)A halogcn lalllp

鞘 l袷温洸 艦 辞 い拭 品

CI∬

鮎 [綜端 様 枯糾 (獣紺 群 ど鞘 描 粘 ∬ 智 緯

scriいcd tabぃドc‐ pro、idcs a 2_s satilrating lighi pし11、c of 2000卜tlllol phOton、1111、
)、
、11lch catiscs a

t rtl【lsictlt sattiratiotl of PSll p1lotochcllllstly C hlotoph)‖ ti tlt〔Q「csccncc c、citCd b)t11じ、c tiど1lts is

i n l a g c d  b y  a  C C D  c a l l l c r a ( R o p c r  S c i c n t i f l c‐T l l c  P h o t o t n c t i i c s  C  a s c a d c  6 5 0 )

As soon as ozorlc tt11111_gation、thc plants、、rCrc illovcd to a stagc of thcモ1licroscopic illnag―

ing systcnl Atcr 20 11lintitcs adaptatioll pcriod、n11。l cSCCllCC intcnsity llllagc(0「)、i aS Capttircd at a

PPF of 300 1111lol m i s i Jtist aflcr tllat illcastirclllcnt a lltェorcsccncc intcllsity illlagc O「,ュ 、vas
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lllcasurcd dtiring a 2-s saturation light pulsc during stcady―statc photosynthcsis Finally, thc ΦPs‖
was calculatcd(ΦPsll=(Φh、~●「)!Φhn)(GENTY&al 1989)

R c s u l t s  a n d  D i s c u s s i o n

M i c r o s c o p i c  ΦF  a n d  ΦF m  i m a g c s  h a v c  b c c n  a c q u i r c d ( F i g  l )ΦF  a n d  ΦF■1

linagcs sho、vcd that chlorophyll nuorcsccncc 、 vcrc non―unifbrHlly distributcd

across the neld_。f view on the abaxial leaf surface Fluorescence intcnsity frolll thc

blcachcd chloroplasts of the plant cclls in the spongy tissuc、vas lo、v,on thc con―

tra呼、 fluorcsccncc intcnsity fronl thc non―blcachcd chloroplasts 、vas high Diffcr―

cntly frolll thc fornlcr cases,(DPsII 、vCrC uniformly distributed across thc jcld―of―

vic、v on thc abaxial lcaf surfacc,‖/ith valllcs in thc rangcs of 0 45 to 0 63.cxccpt at

thc vcins(Fig l)

Thc rcsults of thc rcncctcd inlagc and fluorcsccncc intcnsity illlagcs

sho、vcd that thc ozonc cxpostlrc damagcd thc chloroplasts closc to lcaf surfacc.

probably by lllaking an invaslon through stomata As a rcsult‐  thc chloroplasts

dalllagcd by ozone lllay havc got dcgradcd color or blcachcd,thcrcforc intensity of

chlorophyll fltlorcsccncc cllllttcd fronl thc chiorOplasts got cxtrclalcly dccrcascd

Conscqucntly‐thcsc llllagcs provcd clcarly that ce■ain photosynthctic i巧ul・lCs on

thc plantlcaf occurcd non―un∬ormly by the ozone exposure

Fig l Φ F llllagc(A)of a lllCastirclllcnt arca of tin attachcd Frtj′′̀′′7′んどrs `′′7′″″′ヽL abaxial

icaf tiscd for thc c、pcrilllcnt pcrfonllcd at a PPF of 300,tilloi nl=sl and ΦP、1 111lagc(B)Calctllatcd

付olll Φ―and Φ,コ1 1lllagcs、allcr 300 ppb ozonc c、pOstirc  Thc rcgion、
イithill thc solid lillc is llo―

11」urCd plant cclls rcglon atthc inncr palt ofthc spongy dssuc Thc rcgion withhi thc brokcn linc is
an ilturcd plant cclls rcgion at thc uppcr paH ofthe sponどy hssuc Thc rcgion within thc dotted linc
is aにaf、icill Scalc bar=30卜tl〕〕

On tllc othcr hand.(DPsII 、rCrC unifbrnlly distributcd. 、rith valttcs in thc

rangcs of 0 45 to 0 63.except at thc vcllls ΦPsil is thcorctically proportional to thc

opcrating cfticicncy of thc PSII photochcllllstryn and has bccn Mridcly tlscd to csti―

matc thc rclativc quantulll cfttcicncy of lincar clcctron transpolt tllrotlgh PSII Ho―

mogcncotls diStribution of(DPsll shOヽFヽS that thc cfttcicncy of thc clcctron transport

of thc chioroplasts、vcrc not dittcrcntn cvcn if plant cc‖s、vcrc locatcd at thc otltcr
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or inncr part ofthc spongy tissue As statcd prcvlouslyぅOPsII can rcprcscnt the cffi―

ciency of photochenllsttt fI・Onl absorbed light energy Ho、vcvcr,the amount ofthc

absorbcd light cnergy cannot bc cstilllated by(DPsII valuCS

Conscquentlyn the restlit of(DPsII image indicatcd that the ozonc cxpOsure

docs not decreasc thc cfflciency of photochcnlisttt froln absorbcd light energys but

dccrcasc the absorbancc ofthc light cnel・gy by lllaking thc ch10roplasts blcachcd

A c k n o、 、' l c d g c m c n t s

Vヽcthank Dr K TAKAYAヽ lA ttr hClpltil discussion and cOmmcnts on thc lllanuscript Vヽc

arc gratciti tO thc Japan SOcicty for thc Promotioll of Scicncc ttr Fttmding this stud)

R e f c r c n c c s

DALEY P F.RASCHKE K、 BALLJ T &BERRY J A 1989 Topography of photosynthctic activity

of icavcs Obtaincd frona vidco imaど cs of ch10rophyll tluorcsccllCC ―  Pia,lt Physio1 90:

1233-1238

ENDO R &OMASA K 2004 ChiOrophyll ntェ orcsccncc imaging()f individual algal ccllsi cttccts Of

hcrbicidc on 5ン,ヵ英尋,切`77ド′ビ′7ね at diffcrcnt growth stagcs ―En、Iiron Sci Tcchn01 38

(15):4165-4168
- 、 OMASA K&KoNDo J 2002 Microscopic inlagc instrtinlcntation Of chiorophyll a lltiOrcs―

ccncc ll olll in situ inicroalgac ―Eco―Enginccrilng 1 4: 17_22

GEヽT  ヽB BRIANTAlヽ J トイ &BAKER N R 1989 Thc rctatiollshiP bcttvccn the quanturll yicld of

photosyllthctic clcctron―transport and qucnching Of ch10rophyll fltlorcsccncc ― Bl()chilll
Blophys Acta 990:87-92

6() 'ヽI DヽJEE 1 99S 63 ycars sillcc Katltsky ―C hiOrOphy11‐a fl口orcscellcc ―Allst J P1911l Physio1 22!
131-160

-  &NEDBAL(]L 2000 Sccing is bclicving _PhOtOsynthctica 38:481-482

K R ! 【ヽl S E  G  H & W E I S  E  1 9 9 1  C h i o r o p h y l l  n l l o r c s c c n c c  a n d  p h 0 1 0 s y n t h c s i s  f h c  b a s i c s ―A】l  n  t i
Rcv PlallにPhvsiol MOI Bi01 42:313-349

1ク1(HTENTHALER H K 1988 in vivo chiOrophyll lluorcsccncc as a tool ftlr strcss dctcctiOn in plants
― in: Ll(HTENTHALER H K (Ed)、  11l appllcatiolls of ClllorophyH lltiorcsccncc、 pP 129-
142 -Kluwcr Acadcmic PublishersA Dordrccllt

―   &MIEllE J A 1997 FitiorcsccIICC lllla」ng as a diagnostic t001 for plant strcss ―Trcnds Piant
Sci 2:316-320

N()ucI111 2002 Rc、ponscs Of wholc plants to atr poHutants―in OlllASKヽ、SAJI H YotssEFlAN
S & KoNDO N (Eds)、  Air pollutiOn and pltlnt biotcchnology、 pp 3-26 - SprⅢ lgcr―
Vcrlaどl TOkyo、Japan

O lヽASA K & Tへ KAヽA lヽA K 2003 Silllultancc(ls mCaSurcnlcnt of stonlatal colldモlCtancc、 norl―

photochcinical qticnchillg und photochcnlical ytcld of phOtOsystclll II in intact lca、cs by
thcrillal and chior()phyll llliOrcsccncs i11laging ―Plant C｀cll Physi01 44: 1290-1300

- AHへ sl、loTOヽ
ア
 &Al(ヽ |、1 1981 A quandintivc anと 1lysis of thc rclatiollships bct、ccn Os sollh―

tion and its aclltc ctftScts orl Plalll iCa、cs tisills llllagc lllstrulllclltation ―E【1、iroll Control
in Bio1 19(3):85、92

-一
 、 S卜11卜,AZへ 闇 K A16A〕  LARC HER｀ V &ONoE IXr1 1 987 hllagc analysis of chlorophyli llllo―

rcsccncc transicnts fOr diaどnOsing thc photosyntllctic s)stcll1 0f attachcd icavcs _ Plant

Phvsio1 84:748-752

( 卜B ( ) R ( ) にJ (テI I  K & B  A K E R  N  R  1 9 9 7  A n  i n s t r i n l l c n t  c a p a b l c  o f i n l a g i n g  c h l o r o p h y l i  a  n u o r c s c c l l c c

tolll intactにa、‐cs at vc,10W irradiancc a,ld at ccllular alld subcclltllarに、cis of organi―
zatioll ―Plant Ccll Ellviron 20: 1473-1483


