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Induction of alcohol dehydrogenase in lettuce seedlings by flooding stress
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Abstract

Alcoho! dehydrogenase (ADH), its isozyme profiles and cthanol concentration in lettuce (Laciuca sativa L.} seedlings
subjected 1o flooding stress were determined. Flooding stress caused increases in ADHL activity and ethanol
concentration. By 48 h, ADH activity and ethano! concentration in the flooded seedlings increased 3.2- and 7.0-lold,
respectively, in comparison with those in non-stressed seedlings. Five electrophoretically separable ADI bands were
found in extract of the flooded seedlings, whereas only two or three ADI1 bands were found in extract of non-stressed
seedlings, These results indicate that lettuce ADH may have a system of threg-gene and six-isozyme, and the increase in

ADH activity in the looded seedlings may be due to increased synthesis of the cnzyme.
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Introduction

Flooding and wateriogging evoke hypoxic soil
conditions, which leads 10 rapid changes in respiratory
metabolism and in the pattern of protein synthesis in
plants (Crawford 1982, Sachs and Ho 1986, Paul and Ferl
[991). The switching from oxidative respiration (o
fermentative glycolysis enables 1o produce the metabolic
energy and to survive in low oxygen tensions for several
days {Waters ¢/ al. 1991, Drew 1997).

The activation of the fermentative glycolysis is
accompanied by induction of alcohol dehvdrogenase
(ADH; Davies 1980, Kennedy ef @ 1992). The
advantage of ADH induction in the low oxygen condition
allows to continue the glycolysis for production of
methabolic energy owing Lo pyruvale comsumption and
recycling NAD' (Kennedy e al. 1992, Ricard et af
1994}, and permils cytoplasmic pH regulation (Davies

Materials and methods

Plants and flooding treatment: Sceds of  lettuce
(Lacruca sativa L. cv. Cisco) were germinated on two
sheets of moist filler paper (No 1: Toyo Lid, Tokyo,
Japan) at temperature of 25 °C in a growth chamber.
Light was provided in a 12-h photoperiod by a white
fluorescent lamp (FL-#0SSH National, Tokyo. Japan:
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1980, Roberts ef af. 1984). Therefore, induction of ADH
and activation of ethanolic fermentation was considered
one of strategics for plants to survive in the low oxygen
condition (Drew 1997, Vartapetian and Jackson 1997,
Kato-Noguchi 1999).

Although ADH  has been cxtensively studied,
information has come from relatively few species (Ricard
et al. 1994, Vartapetian and Jackson 1997, Kato-Naguchi
1999).  Lettuce seedlings  were often  used for
physiological experiments, but little is known about the
induction of ADH in low oxygen condition. The
objective of this study was to investigate the effect of
hypoxia on ADII in the lettuce seediings. Thus, ADH
activily and ethanot level. and ADH isozyme composition
were determined in the seedlings subjected to flooding
SIress.

irradiance. 3.2 W m™ at a plant level). After 3 d. uniform
seedlings were selected and translerred to 9-cm Petri
dishes each containing two sheets of filter paper
moistened with 10 cm® distilled waler, and grown in the
same condition.

Abbreviations: ADI - alcohol dehydrogenase: FIVTA - cthylenediaminetetraacetic acid: DTT - dithiothreitol: MTT - 3-(4,5-dimethyl-
thiazol-2-y13-2,5-diphenyltetrazolium bromide: PVP - polyvinylpyrrolidone.
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After 3 d, the Petri dishes wertc placed into the plastic
containers (30 = 60 x 45 c¢m) with distilled water. The
seedlings were completely submerged and the water
surface was covered with a sheet of plastic film as
described by Muench ef al (1993) and the containers
were kept at 25 °C in the growth chamber, Non-stressed
seedlings were not submerged. The secedlings were
harvested 12, 24, 36 and 48 h after onset of the flooding
stress, frozen immediately in liquid N, and stored at
-80 °C until extraction.

Extraction and assay of ADH; Frozen seedlings were
homogenized in four wvolume of ice-cold selution
containing 100 mM Tris-HCI (pH 8.0), 2 mM EDTA,
10 mM DTT, I'mM MgCls, 5 % (m/v) glycerol and 2.5 %
(mév) PVP. The homogenate was centrifuged at 25 000 g
for 30 min and the supernatant was used for ADH assay.
Activity of ADH was measured spectrophoto-
metrically by monitoring NADIT oxidation at 340 nm in
the following [-cm’ rcaction mixture as described by
Kato-Noguchi and Watada (1997): 85 mM MES (pH
7.0, 0.15 mM NADI and 0.02 ¢cm’ sample, and 10 mM
acetaldehyde to initiate the reaction. The overall recovery
of ADIF activity through the quantification process was
86 £ 5 % according to 5 repeated assays with pure
enzyme added Lo the cxtraction medium betfore sample
homogenation. Protein was determined by the method of
Bradford (1976) using bovine y-globulin as a standard.

Results and discussion

The optimum pH for ADIl in crude extract of lettuce
scedlings was 7.0 in the acetaldehyde to cthanol direction

under standard assay condition {Fig, 1}, The Km values of

ADII in the extract for acetaldehyde and NADH were
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I'ig. 1. Effect of pll on the activity of ADID catalysing the
reduction of acctaldchyde 1o ethanol, Means & SE [rom three
experiments with at least tour assay s for each determination.
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Quanrtification of ethanol: Quantification was carried
out by gas chromatography according to the method of
Kato-Noguchi and Watada (1997). Frozen seedlings (2 g
fresh mass equivalent) were homogenized with 10 cm’” of
0.1 M HCL A Z-em’ aliquot of extract was incubated in
Teflon scaled 3-em’ screw-cap test tube at 70 °C. After
20 min incubation, a I-cm’ sample of head space gas was
analyzed by gas chromatography equipped with a flame
ionization detector and a packed column (3 mm x 3 m;
Porapac  ©Q, GL  Science, Tokyo, Iapan). Internal
standards for cthanol added to the extraction medium
betore sample homogenation showed 79 + 6 % recovery
as calculated from five replications.

Polyacrylamide gel electrophoresis: Frozen scedlings
were homogenized and extracted as described above and
applied to native slab polvacrylamide gel clectrophoresis
as described previously (Kato-Noguchi and Watada
1997). Gels were run with Tris-glveine buffer (pli 8.8, 10
mM Tris, 77 mM glveing) in both electrode tanks at 15
mA at 4 °C, When the dve fronl migrated to the bottom
of the running gel, the gel was stained in a 50 cm’
solution containing 0.1 M Tris-HC} (pH 8.0), 0.7 mM
NATY, 1.2 uM phenazine methosulfate, 0.4 mM MTT
and 3 cm’ cthanol (Good and Crosby 1989). ADH bands
appeared within 20 min and development was allowed to
proceced an additional 20 min before the reaction was
stopped by rinsing in watcr.

about 0.9 mM and 18 pM. respectively. These
characteristcs are similar o those reported for ADH from
other plant sources (IKe ¢f of. 1994, 1995).

Al the beginning ol experiment, ADH activity was
1.5 nmol mg ‘(proteiny s and did not change in non-
stressed scedlings. In response to flooding stress, the
activity increased rapidly during first 12 h and slowly
thereafler. The activity in the flooded seedlings was 2.8-
and 3.2-fold greater than that in non-stressed seedlings after
24 and 48 h, respectively.

Concentration ot ethanol in lettuce seedlings was
I.4 pmol g”'(f.m.) at the beginning of the experiment, and it
remained unchanged in non-stressed seedlings (Fig. 3).
After onset of flooding stress, cthanol accumulated rapidly.
The average accumulation rate of ethanol during 48 h was
about 0.2 pmol ¢'(fm.) h'. After 48 h, the concentration
in the flooded scedlings was 7.0-lold greater than that in
non-stressed seedlings.

To investigate ADH isozyme composition. native slab
palvacrylamide gel electrophoresis was used and [ive
separable bands having ADH activity were identified in the
extracts of flooded seedlings, while two or three ADH
bands were identified in extracts of non-stressed seedlings
(Iig. 4). Thus, two or three additional bands were found



and the others were stained more intensely in the flooded
seedlings than in nen-stressed seedlings. Changes in
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Fig. 2. Changes in the activity of ADH in Jetuce seedlings under
flooding stress and in the non-stressed scedlings. Means = SI
from three experiments with at least four assays for cach
determination.
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Fig. 3. Changes in the concentration of cthanol in lettuce
secdlings under flooding stress and in the non-stressed seedbings.
Means 4 SI from three experiments with at least four assays for
each determination
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Fig. 4. lsozyme composition of ADH in lettuce secdiings
subjected to flooding stress for 24 h and that in non-siressed
scedlings. Lane 1 - non-stressed secdlings. fane 2 - flooded
scedlings.

in summary, flooding stress increased the activity of
ADH (Fig. 2) and the concentrations of ethancl in the
lettuce seedlings (Fig. 3). Five electrophoretically separable
ADH bands were found in extract of the scedlings
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three-gene, $1X-{S0Zyme systlem.
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