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Abstract

‘Two forage grasses, timothy {Phicim pratense 1.} and ryegrass (Lotium multiflorim
I.am.} were exposed to flooding. and activities of alcohol dehydrogenase (ADID and
{heir isozyme profiles were determined. The flooding stress inereased ADH activitics
in both species. This increase was 2-times greater in timothy than in ryegrass. Only
one ADI isozyme was found in non-flooded seedlings of hoth species. whereas two
and Tour bands were identificd in ryegrass and timothy seedlings. respectively. under
flooding stress.
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Field plants suffer anaerobiosis if’ they are exposed 1o flooding or walerlogging
during growing scason. For survival many plants evolved a metabolic adaptation (» g
Kennedy ef gf. 1992, Ricard e al. 1994, Vartapetian and Jackson 1997). Induction of
aleoho! dehydrogenase (ADH) during anacrobiosis has been observed in many plant
specics, ¢.g. o afifctopsis (Dullcrus veedo 1997, maize (Paul and Terl 1001, Good and
Muench 19933, and rice (Rivoal ef of. 1989. Muench ¢f e, 1993). The advantage of
ADIH induction under the anaerobic conditions is acceleration of  ethanolic
fermentation patiway, which allows glycolysis to continue owing (o consumption of
pyruvate and regeneration of NAD (Kennedy ¢f of. 1992, Good and Menuch 1993,
Ke er af. 1994).
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The objective of this study was to investigate the effect of flooding on ADIH
induction in forage grasses. Thus, activities of ADH in seedlings of timothy and
ryegrass were determined under flooding stress and ADH isozymes were
characterized.

Caryopses of timothy (Phicum pratense 1.)) and ryegrass (Lolium mdtiflorum
Lam.) were sterilized in a 2 % (m/v) solution of sodium hypochlorite for 15 min.
vinsed in tap water for 2 h and germinated on two sheets of moist filter paper at
25 2C, and 2-h photoperiod in a growth chamber. Light was provided with a white
Muorescent lamp (3.2 W m™ at plant level: FL4OSSW. Narional. Tokyo). After 4 .
uniform seedlings were selected and transferred to 9-cm Petri dishes cach containing
two sheets of filter paper moistened with 10 cm” of distilled water. After 3 d. the Petri
dishes were placed in the plastic containers and containers were filled with distilled
water. The scedlings were held 3 em below the water surlace, which was covered a
sheet of plastic film as described by Muench er of. (1993} and the containers were
kept at 25 °C in a growth chamber.

For determination ot ADIT activity, the Petri dishes were removed from the
containers, and the seedlings were harvested, frozen immediately with liquid nitrogen
and stored at -80 °C until extraction. Frozen seedlings were homogenized in four
volumes of ice-cold solution containing 106 mM Tris-11C1 {(pll 8.0}, 2 mM EDTA,
I'mM MgClyand 5 % (viv) glycerol. The brel was centrifuged at 25 000 g for 30 min
and the supernatant was used immediately for the measurements of ADH activity.
1his was measured spectrophotometrically by monitoring the oxidation of NADII at
340 nm. The | em” of assay mixture contained 85 mM MES (pll 6.5), 0.9 mM
NADIIL, 0.02 cm?® sample, and 5 1mM acetaldehyde (Kato-Noguchi and Watada 1997),
The overall recovery of ADI activity for timothy and ryegrass through the
(uantification process was 84 + 7 % and 82 + 5 %, respectively, according to
Jrepeated assays with pure enzyme in the extract, Protein was determined by the
method of Bradford (1976) using bovine y-globulin as a standard.

Frozen seedlings were homogenized and extracted as described above and run for
2 h through 1.5 mm nondenaturing ge! at 13 mA at 4 °C. The running gel consisted of
9.0 % (m/fv) aerylamide, 0.2 % bisacrylamide. 0.37 M Tris-11C] (ptl 8.5y and 12 %
(m/vy glycerol. which was polymerized with 0.08 % TEMED and 0.04 % ammaninm
persulfate. “The stacking gel consisted of 5 % acrylamide. 0.2 % bisacrytamide,
0.12 M Tris-HCL (pH 6.7y and 12 % glycerol, which was polymerized with 0.06 %
TEMED and 0.05 % ammonium persulfate. The running buffer consisted of 10 mM
Tris and 77 mM plycine. When the dye front migrated to the bottom of the running
gel, the gel was stained in a 50 cm’ solution containing 0.1 M Iris-11CI (pFl 8.0},
0.7mM NAD, 1.2 uM phenazine methosuliate, 0.4 mM MTT and 3 em’® ethanol
(Good and Crosby 1989). ADH bands appeared within 20 min and development was
allowed to proceed an additional 30 min before the reaction was stopped by rinsing in
waltcer,

The ADII activity in timothy and rvegrass seedlings was low at the beginning of
experiment and did nol change in both non-flooded controls (Fig. 1. Under flooding
stress, the ADIT activity in timothy scedlings inereased over the course of 48 h 1o
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6 times that in the non-flooded control. On the other hand, the ADH activity in
ryegrass seedlings increased and leveled off after 24 h under the stress. The
maximum activity in ryegrass seedlings was 3.5 tumes that in the non- -floaded control.
After 48 h. the activity was 0.9 and 0.4 pmol mg’ (protcm) min” for timothy and
ryegrass. respectively, under flooding stress. The increases of ADII in both seedlings
may accelerate ethanolic fermentation. which allows glycolysis to continue and to
produce some ATP (Kennedy ef al. 1992, Good and Menuch 1993, Ke er al. 1994),
[lowever, this acceleration may be greater in timothy than in ryegrass, since flooding
induced 2 times higher increase in ANH acrivity in timothy than in ryegrass (Fig. ).
It was reported that maize mutants with zero ADH activity were more sensitive to
anaerobic stress than their wild types and ADII activity in the seedlings showed the
goad correlation with their tolerance to the stress (Johnson ef al 1080, 1994).
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Fig. 1. Changes in the level of AHD activity in timothy and ryegrass seedlings under flooding stress
(open circlesy and in their non-flaaded controls (olosed efrcles). Means + SE from  three
experiments witl at least three assays for each determination.

Most plant ADII enzymes that have been examined are dimers and the two
subunits of ADH are encoded by two unlinked genes (Goltlieh 1982, Tansen ef al.
1984, Sachs and He 1986). The products of these two genes dimerize randomly to
yield three electraphoretically distinct isozymes: ADITI-ADH! homodimer, ADHI-
ADH? heterodimer, and ADH2-ADH2 homodimer (Gottlich 1982, Newman and
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VanToai 1991). Some plants have more than two ADII genes and the products of
these genes dimerize to more than three clectrophoretically distinet isozymes. e ..
barley (Hanson ef ol 1984), Acacia (Small e af. 1990) and carrot (Chourey and
Widholm 1980). However, all isozymes could not be found in cach plant tissuc
because of the limited expression of the specilic ADH isozymes (Chourey and
Widholm 1980, Xic and Wu 1989. Ke ¢f af. 1994).

Using polyacrylamide gel clectrophoresis (Fig. 2). only single band of ADII
isozyme was found in non-flooded seedtings of both species. whereas two and four
bands were identified in seedlings of ryegrass and timothy exposed floaoding,
respectively, These results indicate that the flooding stress may increase ADH
activity due to activation of ADH subunit translation and that timothy may have more
than two ADIL eenes heeause four bands of AT sozvmes were found (Fig. 2).
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Fig. 2. Tsozvme compositions ob A amothy and v epriss seedlings cvposed o Hooding stress,

When oxygen becomes limiting, glycolysis has accclerated in many plants owing
toinduction of AL and the glyeolysis and ethanolic fermentation were considered
to replace the Krebs cycle as the main source of ATP supply. In addition, ADI was
necessary for tight ¢ytoplasmic pll regalation and for removal of acetaldehyde
because of its phytotoxic effect (Kennedy er af. 1992, Rivoal and Ianson 1994},
Thus. ethonolic fermentation considered to be essentiat for the plant's survival during
anuctobic stress (Davies 1980, Ricard ¢/ of. 1994, Zhang and Greenway 1994).
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