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Antioxidant Enzyme Activity and Cell Membrane Stability
of Korean Bermudagrass Genotypes Different in
Ploidy at Dormant Stage
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ABSTRACT. Korean bermudagrass collections showed diverse genetic variations in their morphology, growth
habit, and cytological aspects. Chromosome number and nuclear DNA content of the bermudagrasses indicated a
ploidy level ranging from triploid (2n=3x) to hexaploid (2n=6x). In this study, we investigated the different
responses of antioxidant enzymes (superoxide dismutase, catalase, peroxidase, ascorbate peroxidase) and cell
membrane stability of those bermudagrass cytotypes to lower temperature and shorter day length, which meets a
dormant induction in Korea. All the antioxidant enzymes were found to be higher during dormant stage, while the
heme-containing catalase which converts hydrogen peroxide (H,O,) to water and oxygen molecules was activated
before dormant initiation in the three cytotypes except for hexaploid bermudagrass. The triploid and tetraploid which
exhibited relatively finer leaves and a rapid establishment speed were found to show increased activities of
superoxide dismutase and peroxidase enzyme. The malondialdehyde(MDA) which is a product of lipid peroxidation
in the cell membrane damaged by the hydroxyl radical was increased in all cytotypes as temperature declined, and
tri- and tetraploids which had more protective antioxidant enzymes demonstrated a significantly lower MDA
production. Similarly electrolyte leakage was higher in penta- and hexaploidy, seemingly more damage to cell
membrane when low temperature was implemented. Results indicated that antioxidant responses of different
cytotypes were genetically specific, which needs to be investigated the relevance with the low temperature tolerance

in the bermudagrass further at the molecular level.

Key words: Bermudagrass cytotype, Electrolyte leakage, Low temperature stress, Malondialdehyde, Reactive oxygen species

M

M

=)

e o] W Ao <)
2EHEAR, 95, 212, A
§ Ax Bl Y PAE T Az
8757 S7bskaL vk 2 Z‘W—J
Stod A7%HA %ﬂ é}btﬂ el

sojgel we} A2
EF87, 4

O

E49] UA3

el

ot
N o

=2
=

(<3

A

R

:
4]
gel ok 2

z
[0

-
£

N ox

Py

£

o]

*Corresponding author; Tel: +82-61-450-2371

E-mail : gjlee@mokpo.ac.kr

Received : May 9, 2011, Rev1sed May 19, 2011, Accepted : May
30,2011

17

EE 58 398 7 U, 2EGE FES 9g B
H &S 92 £ o, g Agrles 94 IA
AL F doe FHoAM FHEEH 2 AF =29
T e Y ARGl Kgg Mol & 4 ok
shAlch metA ol s 87 AEFH 2 gk W =
Az #HHEHE 7] F(mechanisms)S H &3 ol

A WAdS 7H 2] fAxd S s, A28 #
FO 7 st AEAA AvlglE AT 4 T} o]
A7A 874 UAddd s ERY Y 5L V2R
g Ala AFE ®ol Hol AN sl Anig s
B3 Hoe A o2 vlE At Trenholm et al., 2000;
Lee et al., 2005).
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B A2 (Reactive Oxygen Species; ROS)S Al &2
T HAEE 3 2EH S0 22HIL o 2 AE
Aol dopgle AEAN TFoR PAE T 2EG 2
=7)e HlFH & Frtetka g Moller et al., 2007).
Buffalograss (Buchloe dactyloides)= chinch bug 2%2] &
Ao 25E A3Hdo] 7Fet A} gt Aol catalase
(CAT)?| o] th2A JEREIL, peroxidase (POX)2] gz
2 A& FiAeIN A Z715HtHHeng-Moss et al., 2004).
Bermudagrass (Cynodon dactylon)7} & 3l|(freezing stress)©l]
=&5A =™ superoxide dismutase (SOD)= 2719 &7}
sttt o] $ol| ZashE S Bl Idaketa s catalase
9} ascorbate peroxidase (APX)2] TS EZ o TAIlo
I o] Akl Bkl itk Zhang et al., 2006).
ot WS 7H 2 faigle) Aae 9js) gt
oo o Wstel BA 9] AolE ARSI W3lktE

AEITE ME FE9 gl 43 sty )
B7F E & g Aol

A EHE A s B33} A9k, 18:2 linoleic acid,
18:3 linolenic acid)2 53] 4tsta}A oA B &= 0,
(singlet oxygen)e]} HO' (hydroxyl radical)94 o3 g 53
AeHA e AEY FRERZ A 3ibkskea é?‘—i‘(lipid
hydroperoxidesy& 4384 Hol Ax=e] F5X4E da

A7 AE R 2HE S Asfa & z(electrolyte leakage)
< FIANA 221480 A EE e Ee] F)E A A
g (Moller et al., 2007). FX8 Zt)¢] &bl seashore
paspalum (Paspalum vaginatum)®] 73-5- §3] 24 2=
I e L7 A7 8°Cs 4°0)2 AE o TR
“Hpalmitic acid®} stearic acid)®] T2 W37} YAA T,
Aldolm A2 AHgAide] & PI 509018-1 (‘Sealsle 1°) &
9] 7§ EX3A 94} linolenic acid®] o] A =
7V A 3o wsr AsE {29 R E =
o ZYe AL APHE Z/ANG st ot
(Cyril et al., 2002).

71E A7E T3 @ AN WEdadae §
AAE AolA wi-¢ okt A go] Exdte
B M th(Kang et al., 2009). T3 o]5 A $HE7 e
Y A A3 390 (2n=3x), 493 (2n=4x), 5413 (2n=5x)
2 6ulA 2n=6x)7} FAA & zZHz}k 27, 36, 45 2|2
5478 7FAAL 9dgo] BrE AT
B A1 iAol e U A wiRd s gR
7J°ﬂ WEHd zfolg Potrr) fsted ALA7d fiE
ZFelol A atsta Aol WEle} M Eute] Bl
g "é% ZAR B o 24 Ao U3 ‘i‘_}?/‘é = A #stst
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sl 40 32 9 F3L o3 2ol AAEH.
99 159 % FH =Yg 108 2087 AHA =) =
A WRTaE A 2 9 05gS AR L] B vl sl
T AdEle] ARE TR 2% (W/v) polyvinylpolypyrrolidone
< 233t 50 mM potassium phosphate buffer (pH 7.0) 5 ml
o} A Efste FE3A0

Superoxide dismutase (SOD)¢] €42 NBT S & A}
|3to] &4 31 HBeyer} Fridovich, 1987). 84 =3 &
2let ¥FS-E-2 50 mM potassium phosphate buffer (pH 7.8)
(13 mM methionine, 60 uM nitroblue tetrazolum (NBT), =
23 0.025% Triton X-100 7/3)°ll 0.4 uM riboflavin 2 T
W FEAo g FAHYT THE0] “é—oﬁl% ANEAE
F R elA 7EZE H“”\H’l 5 BAFEAE o] &3
560 nmoll A FHE=E =43k SOD 84S NBT 8¢
A &= 7*“"\_}0}93‘:}.

Catalase (CAT)2] B4 Aebi (1974)2] W& 43}
o 243HTh 2&4N 0.05mE 10mM H,0,= £33

R
50 mM potassium phosphate buffer (pH 7.0) 0.95 mi®} &3
3}al, 240 nme] EF =N 187 H,0,9 B8 xS
Atk
Peroxidase (POD)2] &4]2 WkS-E& oﬂ FaksleEag A7)
3t Z4 31T Piitter, 1974). ¥H-ELS 7.8 mM H,0, 7} ¥
g%l 100 mM potassium phosphate buffer (pH 6.0), 15 mM
pyrogallol (7.8 mM H,O, 15mM pyrogallol7} Z&H 100
mM potassium phosphate buffer (pH 6.0) 2 ‘;}“"é_ FeE
o]

A

& E38le 25°ColAM 187 ARl B B3 AS
235t 290 nmo| N EFEE ixé] ]’ﬁu}

Ascobate Peroxidase (APX)¢] &/ Mittler et al.
(1993)8] "ol &l 290 nmollA FF=e 1A ALE
o]-&3l A3t ¥H-&E-2 50 mM potassium phosphate
buffer (pH 7.0), 0.5 mM ascorbate, 1 mM H,0,, 0.l mM
EDTA % @93 FZdoz :r“‘* 0}951‘:} RN RO
200 molA WSEHE FEEE FA S AL

M ESte| X|EBHtE HEEY

Mzake] A Hee AAFANEE B AAE
+ malondialdehyde (MDA)E &A43le] 7hgd o2 A}

st h A48 WS Dhindsa (1981)9 WS F£4 31y
AHE-EEA T 0.5 g2 A& &S 0.1% trichloroacetic acid
(TCA) 5mLE 713t mp3iigh | 10,000 xgoll A 103%7¢
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A4 Eelsted Aol 1 mke 20% TCA, 0.5% thiobarbituric
acid (TBA) 4 mlﬁr St 5 95°Col A 3087 FEElA w

2A PN T 10,000 xg= 1087 D4 2en o
A e F A5aE A9 535 mol FEEE 243

54 F94=8

o] 600 nm<] ¥ AAGE H ALksrA
Extinction coefficients 535 nmol4} 155 mM'em'& A&
&te] TBA reactive species (TBARS)S A A& g 3
o % ALss

Bermudagrass electrolyte leakage

Bermudagrass 3, 4, 5, 6 WiAle] FH Ay FH = X
B B4l o Hald /& Px9 Aol B 93 9¢
T 1Y T A4 9, £7), B2 AFH 8l electrolyte
leakageE 578 3t Th. Bermudagrass 3, 4, 5, 6 WjA| S ¥
S8 TS Y, 27, BElE Awele] 2tz Zo) 05~1 cm
2 AE T EH5F 10mE 9 conical tbed] &

¥l 03gS SHeish 24 A 0‘, %»’],

”Eﬂ 0.5 g, 4
Wl "2 3urEsle) A5l ]E.&oﬂo] EEHE
shaking incubator (120 rpm, 25°C)el] 21 18A17F T v}

A& & Aol EC meters 24 S THEC)).

ST AE FEE 80°C 2A2YE0] 347 o}
TANZAY. FAANTY ANEENL 238 oA 1247
531 & thA] shaking incubator (120 rpm, 25°C)ell oy 12
AZE Rt AL & Ao EC meter® 23S THEC).

ECI/EC2%e & A eAfejo)] ule o83 AvE F¥A5IT).
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Fig. 1. The activities of antioxidant enzyme of bermudagrasses in different polyploidy level before and after dormancy (A~D).
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£, Catalase (CAT), Ascorbate Peroxidase (APX), Peroxidase
(POD)9] Whg-& ZAFIATE

AY A3 s 740 vk wjgge] o AR
2 & zolE Holi Utk SODE FH Ade =E
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Ak afA A w-g- wA JegTh CATE B AdF
oM FH Al7IEThs A% Fo 8490] o %o, APX
S} PODE] 842 FH A7) o =3} AL, dd &
73 2UoM s 9o s HSEET wEY Yo
AFY 3eA & 4fA Y RS AEES F
7)ol Superoxide Dismuatse®} Peroxidase3H4t3} &4 9
g4o] s7tete A &+ JAHFig D).
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o] s =o]MDA B A F&9 Frke} 2 3
Asha Fadol vehdA €t )9t o] wiR e A
=2 A2 A T AEe] AL B

MDA %3 Hsd FZ(electrolyte leakage)S %
Astnh 2 A3 A Ao £ AHEl MDA 32 #
Aelle ZE AHFAA FABH Ydeidod 2571
bl whet ol B o] daistaas 2 Sl 3w
At 4 A M= MDA AHEo] A A WA et
(Fig. 2). =gt H3ld {F(electrolyte leakage) ol 4%}
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Fig. 2. The malondialdehyde (MDA) contents of bermudagrasses
in different polyploidy level before and after dormancy.
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Fig. 3. The electrolyte leakage from leaf, stem, and root of
bermudagrasses in different polyploidy level (A) before and
(B) after dormancy.
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