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Photosynthesis, Antioxidant Enzyme, and Anatomical Difference of
Sedum kamtschaticum and Hosta longipes to Ozone

Hyo-Cheng Cheng, Su Young Woo', Seong Han Lee, and Saeng Geul Baek

Department of Environmental Horticulture, University of Seoul, Seoul 130-743, Korea

Abstract. The objective of this study was to identify the effects of ozone on the two species in controlled
environment. Sedum kamtschaticum and Hosta longipes were exposed in both control and ozone chamber
to investigate photosynthesis, antioxidant enzyme activity, visible damage, the number and the size of stomata
and the plastogloubuli. Ozone was fumigated in the concentration of 200 pg-kg " for 8 hours in a day (from
08:00 AM to 04:00 PM). Firstly, net photosynthesis of two species was decreased after ozone fumigation.
Secondly, glutathione reductase activities showed significant difference between control and ozone treatment.
Thirdly, visible symptoms of leaves were expressed such as chlorosis, necrosis and decoloration. Also, the
size of stoma was significantly decreased in ozone-exposed plants. Furthermore, the intercellular space of
Hosta longipes showed increased phenomenon because the mesophyll was collapsed. The number and the
size of the plastogloubuli were significantly larger in ozone stress.
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7] A, Py net photosynthesis(umol-COz-m'z-s'l), U.: mole
flow rate of air entering the leaf chamber(umol-s'l), Ce:
mole fraction of CO; in the leaf chamber(umol-COz-mol'1
air), C.: mole fraction of CO, entering in the leaf chamber
(umol-CO,*mol™ air), s: leaf area(cmz), E: transpiration
(mmol-H,O-m™ s")o|t}.
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Ascorbate peroxidase(APX: EC 1.11.1.11)¢] EHg 54
7 0.2g< HkSN(ascorbate acid, AsA) 1M, QXIZES
7.4) 100mM, EDTA 5mM, NaCl 0.1IM] 7}5}1¢] 23} 319tk

o] 8MS 4T 15000xg R 1587} YAlET] T Akzoll &)
& ZJ3lo] WRSHH,O 2.43mL, IM K-P buffer(pH 6.5) 300uL,
10mM AsA 180uL, 5mM H,O, 120uL]z} &3tagict. w3
290nmofA] 9027+ HyO,0]] 2J3t of AT 2 HIA  AsA) ASHES &
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Glutathione reductase(GR) &4

Glutathione reductase(GR: EC 1.6.4.2)9] &4 A2 <]
0.15gS #3t & -2 N[K-P buffer 50mM, PVP 5%, DTT
5mM, EDTA 5SmM, NaCl 0.IM]-2 7}sto] 223} 54ich.
o §4E 4C oA 15000xg0. & 1557 YAR=E 3
5 ArZo) 150Ul 2ate] YRS ol[H,0, 43mL, 1M K-P
buffer(pH 7.8) 300uL, 10mM GSSG 60uL, 10Mm NADPH
60uL]¥} 5Tt 3 340nmof| A SF = HekE 54
o) A5 29l - PSS HE KA BHE il
oz suf Ao F FEH 100:1= 7}
WS A7l & 9P 595nmof| A o] =S SRR B
& 8BS A4Skt Lyons 5, 1999).
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T SRR 1238 AASH. Al A7t A|RE ethanol &&=
30%, 50%, 70%, 80%, 90% = Z+ 13X, 18|11 100% =
33 A H o2 4519 al, 100% isoamylacetateo] 155
# 23] A4 % critical point dryer(CPD)E AF&3}o] ¢
A AZAFH T} Metal stub®} carbon tapeE ©]-&35to] A&
5 Rap7)a, o 2EE $ FAA% A0 (scanning
electron microscopy; SEM) (JSM 5410LV, Jeol, Tokyo,
Japan) 0. 2 739 th(Bussotti %, 2003). E3F & H
Z(500 x 500um)d 7]52f 4=oF 2715 ¥ Fe
7ZJ(Axiophot, Zeiss, Germany) . & zslo] =454t

4% $2 5 54 AH AR A8 A F4
£ 4o, &°], YH|7} Imm OlLHE st A&3] |
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ethanolof| 33] Z}7} 1024 @A o2 g4 5hglal, 2
4 23S B0 =2 propylene oxideZ 1584 23] %23}
At ZofAQ] spurr®} propylene oxided 1:1 2 412 89
off 2417t FaL JEAIZ] £, 100% spurrof] 447t o] 4}
AZITE 100% spurs Aj= Zole F thA] 2417 o]
ANFTh 2o &L epiat 3 s1F Ko 70C eEo
Tia &3 AART F A= vk spurrE BEY ZfS
(embedding mold)o] €ttt A|RE EujEo] XA &
AR 2= 559 & —‘T"—E‘Oﬂ LEE sto] ZojAlE ot
S5 A F, 70C 2ol Wil 8A7kol A F3HAIF T
AHE Adtetal Gl 7t 5, H-§ Fekdn] % (Axiophot,
Zeiss, Germany)¥} £3} Az} & |7 (transmission electron
microscopy; TEM)(JEM 1010, Jeol, Tokyo, Japan)©. 2 7
A5t cHBussotti &, 2003).
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Fig. 1. Net photosynthetic rates (Pn) and respiration at the night of Sedum kamtschaticum and Hosta longipes exposed to 200

1g-kg” ozone. Bars indicate standard error (n = 5).
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7% T Akash WAE S APXE 2 4
& ZoR ATl 48S S guA
o]th(Woo &, 2004a, 2004b, 2004c). E3+
Yol §9E Bao] B4 AekAz7] ol
sk, SR A(H0:) FEfS B4
A 8= shAIsh= =& olth(Strohm -5, 2002; Woo &,
2004a). 2o =T 7|2} HH]5O] APXRIS £AISE
Az, 7929 APXEEFo] th2 T 0.031pmol s -m>o] H]
sho] Asl Lot 0.059um01-s'1'm'2i ¢F 90% <=7KLyons 5,
1999; Woo 5, 2004a)=]o] LEFEI(Table 3), HH|S= o2
0.061pmol -s™ *m”9} H|WaR] A7} 0.052umol s m 2
oF 15% &= Hadhs AdS EIAT $AAREE +9
3k 240l 7} ¢SITh(Table 3). ol A1EA2] FaH4 B &
a2y LAESEE diEstee Eol wet A FAarst
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Glutathione reductase &4
GR APXe} o7 a2 Ql h4tslt a47ke-d| shutol
Aol A e3E A AA7]= HEA Q] AR} B a(Woo
5, 2004a, 2004c)°|t}t. AR} AGA 2EE NADPHE A=}t
SA 2 sto] IS glutathioneS EA7]= Zlo] GR

ojn] Uty 0T AEHAS W= ABC S} 28-S S5
A& Ao A GRo| 5713t Schraudner 5, 1998; Strohm
5, 2002). 92 200ug-kg' H2] F0] GRS AR A3,
HjuFolA 22 A2 & GREAO| T2t 3.320umol s -m”
of Hlate] AFTE 8.679umol-s’ -m &2 F 61% 27}
EAAoRE G235t A0 R Lehgdth(Table 3). ¥H, 7|9
2o ML tjE2FE 0.554pmol-s" -m”o]| H]3lo] AFE
0.492umol s -m”& oF 12.8% 7FAE o] Upelygt) B A%
ol GREHJo] 715t AL W7o dBd % 73S &
A Bole o.zo] ABA Yol A BAA0,)R AT
0|2 5ok FAoA HH] 5o GREAO] Ao
7HWoo 5, 2004c)3t Zo|BR, 02 A3t Hju|3o|
GRO] &4o] &tk AL A5 A 45} 7)50] & of
of A1 gtk 7P ALl Fro] F 4= 3tk Woo 5, 2004a,
2004c). o= orol| A AFE AAY wu| o] P &
FEo| @A TN 2Tt u%EtA SAE Aot
WA welo] QIrk(Fig. 1B).
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Table 1. AOT 40 of Sedum kamtschaticum and Hosta longipes
exposed to 200 pg-kg” ozone.

AOT 40” (ug-kg™)
35,840
Hosta longipes 8,960

“AOT 40 (Accumulated dose over a threshold of 40 ug-kg™)
is the sum of the differences between the hourly mean ozone
concentration (in ppb) and 40 pg-kg” for each hour when the
concentration exceeds 40 ug-kg'1, accumulated during daylight
hours.

Plant species

Sedum kamtschaticum

Ae]of w2 ZhA e @ gt vlEe] A g 4= ok oF
e A3} 7]z AOT402 35,840ug-kg' -hr' 2 33},
TAket 2 RhE I 2= ZhAlE |7t LpEbEom, H]u] 3]
AOT402 8,960ug-kg ' hr' 2 A3} 345} 72he e & 1t
EbtCHTable 1). o] A® S=Fuiet 2o tiafA] th2 7HA]
el gafjddS Hole A ot 727 o2 FAksE A
AE 7HAL Q7] Rl A o8 FZETHWoo &, 2004a).

@O ARATL ANl FhA WIS FHe B 712G

ABA YR §900] HrkSeverino 5, 2007). 7hA
Fo) 2@BHU] GYUERE 2ol ]S ATFORH
AEo] JeiE 7R o Tek 3 & glon], oEAEY A

o

of digt A&= o]§ & 4 Uth(Ryang 5, 2007). 7|5
e Tl B fde AT 5 AL ole AEY A%
A TS TR L BT 7]FE 29 sk o
Z g wE WA =, 73] S FAES da
2 o]ofz| il AR YAEE A Th(Sant’-Anna-

Santos 5, 2006). 2Z&7t~ g & =AM AFE U] Z(SEM)
o7 73S WA AT} 7]z} vH 3] o T A
7135 RIA|E7F BEo] o231 7]Fo] Wty g}
e 9l thFig. 24, B). 7|@zolA 2E2A o] w2 7%
9 A 7)50] A o] 7]Fo] d7 Qi 7| FHET} B
Z3 A5hE] o] 7127t B AgithFig 2A-d). H]
3L 7]3o] 28 FE S wo|t|(Fig. 2B-d), L2
A 7130] HAEE Ao 7)Fol thet FHAE
YA C2FNE B 5 Qlu o= 4B 220 gt
719 Zgoan 220 AEAYZ FYHE AL Ao
(Lee 5, 2004; Park 5, 2002)3F Z o2 HOIth Lee
(2004)9] AL A 71 FH M AL 0F nZ
of whet choretA] Uehd), g whet 7] %
o] A&aA §AEE Ao| opzt 713 e} 7
2 Yehty, 920 13 X|7to] AojA4E 4]
o 715g AAstel A3 7139 AdRtse] ¢
k.

AEo] ALIHA 02 AEHAS utow o] WA 2}
o] 7FA A HL o]k 7]F2 27]9k SRk 20| & 7}
Ao Hol dolHAY 7|59 471 F7|vts At B
315 v} Qlok(Pddkkonen 5, 1998b). £ Ato A 22 200
ug-kg' Azl & W (500x500pm)F 7]E 529F 71F
3719 wste Pas 27, 09 s we 7Pz
Ao BAMoR GolsiA| kAN ©e] WA 73] 4
716742 22 A2 A 7% 967) Hrt wrh uju|Fo]
AL 11572 02 H2] A 8470l vlste] EAZ0Z 2o
S wo|n Z7}3rh(Table 2). 21 EA|9] o Eu|A £ 7
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52

Fig. 2. Abaxial epidermis of (A) Sedum kamtschaticum and (B) Hosta longipes observed by scanning electronic microscopy (SEM).
a, abaxial epidermis in control; b, abaxial epidermis in ozone treatment; ¢, stomata shape in control; d, stomata shape in ozone
treatment. Arrows indicate stomata of leaves. Stomata deformed in leaves exposed to 200 ug-kg” ozone.
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Table 2. Differences of stomata adaxial epidermis, cell wall, and plastogloubuli between Sedum kamtschaticum and Hosta longipes

exposed to 200 pg-kg” ozone.

Stomata Adaxial epidermis Cell wall Plastogloubuli
Plant species Treatment”
Number Length (um) Length (um) Thickness (um) Number Diameter (um)
Sedum kamtschaticum Control 95.67" 37.80 23.61 0.37 1.67 0.29
Ozone 116.00™ 32.30*** 45.83™ 0.26* 8.33** 0.55*
Hosta longipes Control 84.00 30.24 39.77 0.32 7.33 0.14
Ozone 114.67** 28.46* 25.52** 0.68™ 13.33* 0.62*

*Ozone exposed to 200 pg-kg” for 8 hours per days (July 12 to Aug 8).

YStudent's t-test indicate statistical differences between control and treatment at 0.05 significant (***: p < 0.001, **: p < 0.01, *: p < 0.05, ns: non significant

at p > 0.05). Means + standard error (n = 5).

(A) Sedum kamtschaticum

Fig. 3. Adaxial shapes observed by photo microscopy and plastogloubuli distribution and cell wall thickness by transmission electron
microscopy of (A) Sedum kamtschaticum and (B) Hosta longipes. a, adaxial shapes in control; b, adaxial shapes in ozone treatment;
¢, plastogloubuli distribution and cell wall thickness in control; d, plastogloubuli distribution and cell wall thickness in ozone treatment.
C, cuticle; Is, intercellular spaces; Ae, abaX|aI epidermis; St, stomata; CW, cell wall; PG, plastogloubuli. Arrows indicate cuticle

of leaves. Leaves exposed to 200 pg-kg' ozone.

of W 7]g9 A7 AEHAS TS A e
SILEEE ol A EAAY HARIG o2 7]3o]
Z7H70tHLee 5, 2008). A2 715 7= B4
Z’lai TosHAl Aastl=T 25—4 Aelg g 7| z7t
it 32.3umE YRR oF 10% 7HAastgon, vju|3
L oF A T g 2846um= R B} oF 59% 7HA
319 tH(Table 2).

ll‘

M=ZLY E2tAEZZ2E2|(plastogloubuli)

7] 2l 2ol ofs) WG BALLE 215 A8
H% &l © 7] 31(Chernikova %, 2000; Lee &, 2003), A4
Kol 7 uhol Hiby Bl Mgl B,
N2, 24 59 WS doickal sl thLee
, 2003; Park 5, 2002; Reig-Armifiana 5, 2004). o5
wigoR 9o naE dojNe] Bike WA B 5
o2 Halks W8 Fordv|de S Wt 2ilFig. 3),

i

\

o
o

{

=
i =
z T m
i 010

-

o 1 d
R

71z 92Ae] & s} (adaxial epidermis)2] F77t
23.61umoj| A 45.83um o 2 F7 ¢ H th(Table 2). B, H]
H] 3= 3}3t 7] (adaxial epidermis)®] F77} o2 39.77um
o H|ke] 25.52um= oF 35.83% -4 A Sl AL
J—q.;‘d- 61- /\ o] %*E]—(Table 2)_ o]‘— /U%zﬂ_q /\ﬂitﬁo] o=
7k20) Abste o & Qlsf AEA|Y] FuAL £ 0] HSE
74 kch(Padkkonen 5, 1995a)11 & 4= Qlth.

Fh, wju)o] oF Ae] A B A3 AE U 7
=o] Ao o]t Al Mol oF AHE 919 7}
Al A9l 93)E A2 4~ Qtk(Ferdinand -5, 2000). ©]&
T AEAIW Alzze] o] ARl= AL AEA Wi 7t
sugto] WA doju JFA aee S7THI7IEE dde
2 2F ggfof whE AEA9 whgolet & 4 St Anttonen
2} Kérenlampi, 1996; Ferdinand -&, 2000; Loreto -5, 2001;
Padkkonen 5, 1995b).
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Table 3. Ascorbate peroxidase (APX) and glutathione reductase (GR) activity of Sedum kamtschaticum and Hosta longipes exposed

to 200 pg-kg” ozone.

Plant species Treatment Ascorbate peroxidase (umol-s’1~m'2) Glutathione reductase (umol~s’1-m'2)
Sedum kamtschaticum control 0.031% 0.554

ozone 0.059"° 0.492"
Hosta longipes control 0.061 3.320

ozone 0.052"° 8.679*

“Student’s t-test indicates statistical differences between control and treatment at 0.05 significant (*: p < 0.05, ns: non significant

at p > 0.05). Means * standard error (n = 3).

£ AER o] & EL EAo|thBréhélin 5, 2007). BetAE
Froo] Wol 4 AEd A, LEAEA Y 7)o

of eiE W AEA A BET 4= Qlow, A7 ATt
L=3lof w2 APl Fe 2 e} ch(Padkkonen 5,
1997). @& AEg A Ao w2 ]9 sjiaha] W3} F=

£ FHAAEn F(TEM) S 2 3hast Ay}, 71929} HH|
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