
Alcohol Dehydrogenase Activity and 
Ethanol Utilization in Germinating
Longleaf and Slash Pine Seeds

BY
JAMES P. BARNETT 
AUBREY W. NAYLOR

Abstract. The changing ability of seed and embryo parts of Pinus palustris Mill, and P. 
elliottii Engelm. to use alcohol, a product of anaerobic respiration, was studied during germi
nation and early seedling development. From the start of germination to the 10 to 12th day, 
alcohol dehydrogenase (ADH) activity increased slowly in the embryos of both species. Then, 
as radicles emerged, activity more than doubled. Thereafter, as epicotyl emergence was com
pleted during the next 10 days, ADH activity declined almost to zero. Highest activity was 
noted in the elongating portions of the radicles and epicotyls. Only after the seedlings of the 
two species were approaching self-sufficiency was there an indication of ADH activity in 
megagametophyte tissue.
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Ethanol is produced in the seeds of a 
variety of plants. In many, alcohol 
accumulates during germination (James 
1953). At one time it was thought that 
alcohol was an end product that slowly 
accumulated, but recent studies show 
that ethanol is rapidly metabolized by 
seeds of several crop plants (Cossins 1962, 
Cossins and Turner 1962). Indeed, it has 
been suggested that ability to carry on 
anaerobic respiration may be a deter
mining factor in the edaphic distribu
tion of some species (Crawford 1966, 
1967).

Bartels (1960) demonstrated that the 
enzyme alcohol dehydrogenase (ADH), 
which is responsible for the metabolic 
production and utilization of ethanol, is 
present in Austrian pine (Pinus nigra 
Arn.) seeds. Our paper reports ADH 
activity and ethanol utilization in ger
minating seeds of longleaf (P. palustris 
Mill.) and slash (P. elliottii Engelm.) 
pines. The results aid in understanding 
why conflicting evidence exists in the 
literature on alcohol utilization by plants.

The study reported here is part of a 
larger study of respiration and metabolic 
activity during imbibition and germi
nation of southern pine seeds.

Materials and Methods

ADH Activity. Several thousand long
leaf and slash pine seeds were placed on 
moist soil in a greenhouse to germinate. 
They were watered when necessary. One 
sample of 10 seeds of each species was 
taken at the beginning of the study, and 
10 additional samples were taken at 
irregular intervals over the next 25 days. 
Seeds were selected that appeared to be 
typical of the species in size and progress 
of germination. After 25 days, fresh and
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dry weights were determined in 5 of the 
10 sample seeds or seedlings, and ADH 
activity was measured in the remaining 5.

The seedcoat and megagametophyte 
were separated from the embryo. Mega
gametophytes, embryos, and radicles 
(when present) were analyzed for ADH 
activity by procedures of Theorell and 
Bonnichsen (1951) and Goksdyr et al. 
(1953).

Activity of the enzyme wafc measured 
by observing changes in the optical den
sity of a test solution at a wavelength of 
340 nm as nicotinamide adenine dinu
cleotide (NAD) was reduced to NADHo. 
The test solution was made up of 3 ml of 
0.1 M NaOH-glycine buffer at pH 9.6, 
0.1 ml of absolute ethanol, and 0.1 ml 
of NAD solution (equivalent to 1.0 mg 
NAD). Density was measured initially 
and 12 minutes after the addition of 0.1 
ml of plant extract. Changes in density 
were also observed in two controls, 
solutions of boiled plant extract and 
solutions without ethanol. ADH activity 
was computed and expressed on a dry
weight basis.

14C Labeling and Tissue Extractions. The 
tissues in which the greatest ADH 
activity was found were incubated in 
ethanol-2-14C and extracted. Germinating 
embryos were labeled when radicles were 
about 1 cm long, the developmental stage 
at which ADH activity was highest.

The plant material was placed in an 
incubation medium of 1 po ethanol-2-14C 
(specific activity 2.5 mc/mmole) in micro
vessels and enough 0.01 M phosphate 
buffer (pH 6.8) to cover the material.

After incubation for 1, 3, 6, and 24 
hours, the tissue was killed in liquid 
nitrogen and ground to a fine powder in a 
cold mortar. The powder was placed in 
1.0 ml of cold methanol-chloroform-2.0 
M formic acid solution (12:5:3 v/v) and 
stored overnight at 3°C as suggested by 
Bieleski (1964) for the preservation of 
phosphorylated compounds. The tissue 
was then again extracted with the 
methanol-chloroform-formic acid solution 

and with boiling water, and the combined 
supernatants were concentrated to 0.2 
ml for chromatography.

Chromatography and Radioautography. Al
iquots of the concentrate were spotted 
on sheets of 46 X 57 cm Whatman No. 1 
filter paper. Chromatography was carried 
out with water saturated phenol in the 
first direction and with n-butanol, pro
pionic acid, and water in the second 
(Benson et al. 1950). After development, 
the chromatograms were placed on 35.5 
X 43.2 cm No-Screen X-ray film and 
left for 2 weeks. The amount of radio
activity contained in each compound 
was determined by the technique of 
Fuller (1956).

The compounds containing radioac
tivity were tentatively identified by 
comparing their Rf values with those 
of known compounds chromatographed 
under similar conditions. Further identi
fication was made from chromatographic 
maps and specific spray reagents de
scribed by Aronoff (1956).

Radioactivity in the compounds de
riving label from ethanol-2-14C is reported 
as a percentage distribution of the 14C 
that was metabolized.

Results and Discussion

In both longleaf and slash pine seedlings, 
ADH activity was low in megagameto
phytes and high in radicles (Figs. 1 and 
2). Activity in embryos was low early in 
the germination process, but increased 
sharply when radicles emerged from the 
seedcoats—after 10 to 12 days in both 
species. After emergence, the radicle 
and the remainder of the embryo were 
analyzed separately. Total activity in the 
embryo dropped rapidly after the radicle 
began to elongate. These results agree 
with those of Goksdyr et al. (1953) for 
peas, and those of Bartels (1960) for 
Austrian pine. These authors reported a 
peak of activity in the embryos when the 
radicle emerged.
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Figure 1. Alcohol dehydrogenase activity in the com
ponents of germinating longleaf pine seeds.

Figure 2. Alcohol dehydrogenase activity in the com
ponents of germinating slash pine seeds.

Approximately 17 days after planting 
or a week after germination, the dry 
weights of the intact seedlings ceased to 
decline. At that point, photosynthetic 
activity seemed to overcome the weight 
loss from utilization of stored reserves. 
ADH activity declined as the seedlings 
developed. This trend has been noted 
previously in peas, and two explanations 
have been proposed. Liu et al. (1965), 
citing Betz’s (1958) finding that alcohol 
in pea roots dropped markedly with 
increasing distance from the tip, sug
gested that the decrease in total activity 
reflects a decrease in the proportion of 
meristematic to nonmeristematic tissue 
as the seedling develops. Kolloffel (1968), 
working with pea cotyledons, suggested 
that the decrease reflects the increasingly 
aerobic environment of the germinating 
seedling. Both hypotheses appear to 
apply to the results obtained in the 
present study. The first may account for 
the apparent activity in the radicle and 
hypocotyl, and the second for that in 
the embryo or seedling. When the 
radicle emerges and rapid growth begins, 
the pine embryo is embedded in relatively 
solid megagametophyte tissue. Within a 
few days, all but the tips of the cotyle
dons have grown out of the megagame
tophyte and into an aerobic environment.

Radioautographs of the chromato
grams made from the ethanol-2-14C show
ed that at least 12 compounds derived 
l4C from ethanol. These included five 
amino acids and amides (aspartate, 
glutamate, 7-aminobutyrate, glutamine, 
and asparagine), two organic acids (mal
ate and citrate), and four phosphory
lated compounds (Table 1). There were 
no marked differences in distribution of 
14C owing to length of exposure to radio
ethanol. Apparently, a stable distribution 
of the labeled carbon occurred in less than 
1 hour. Differences in labeling pattern 
between longleaf and slash pine tissue 
were not great; labeling in individual 
compounds was less consistent in slash 
than in longleaf pine tissue. Compounds
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TABLE 1. Distribution of 14C metabolized from ethanol-2-X4C by longleaf and slash pine 
embryos after different lengths of exposure ?

Percentage of total 14C

1 Embryos were labeled 12 days after seeds were set out to germinate.

Compound

Longleaf pine Slash pine

1 hr 3 hr 6 hr 24 hr 1 hr 3 hr 6 hr 24 hr

Aspartate 6.8 5.7 4.3 0.0 6.5 0.0 7.5 0.0
Glutamate 21.2 29.8 16.0 14.9 6.8 24.3 5.6 29.1
Glutamine 12.4 11.8 8.0 9.1 13.4 18.4 3.4 14.9
y-ami nobutyrate 13.5 12.9 10.5 15.4 6.1 27.4 4.3 17.5
Asparagine 12.3 .0 23.4 8.7 46.4 .0 38.2 .0
Malate 9.5 9.8 8.4 12.4 7.2 .0 7.8 .0
Citrate 15.2 21.8 14.8 25.8 .0 18.2 4.0 17.4
Phosphorylated compounds .0 .0 6.2 8.4 7.8 .0 15.9 16.0
Unknowns 9.1 8.2 8.4 5.3 5.8 11.7 13.3 5.1

that contained the most 14C were gluta
mate, citrate, asparagine, and y-amino- 
butyrate.

It appears that ethanol resulting from 
fermentation early in the germination 
process can be readily metabolized into 
amino acids, organic acids, and phos
phorylated compounds by tissues in 
slash and longleaf pine embryos and 
seedlings. After 25 days, ADH activity 
was negligible in the seedling axis, but 
it increased appreciably in the senescing 
megagametophyte tissue. Thus, under 
aerobic conditions, ADH activity in the 
axis of longleaf and slash pine seedlings 
is transient.
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