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Abstract The regulation of  alcohol  dehydrogenase
(ADH) in relation (o in vivo pollen tube growth of Sofu-
i tuberosun was mvestgated, Adle gene expression as
well as ADE enzyme activity were indueed in pollinated
pistils. The induced ADH 1sozyme in pollinated pistils is
not present in pollen or anthers. The same ADEL isozyme
is mduced i leaves submerged in o water, The signili-
ciance ol the mduction of ADH activity for pollen tube
growth is discussed.
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Introduction

The pistl plays an essential role during pollination and
subsequent fertifisation m the nourishinent, recognition,
guidance and protection of the pollen tubes. Successtul
pollen tube growth depends on a variety ol nutrients n
the stylar transmitting tissue available to the pollen tubes
(Flerrero and Arbelo 1O8O; Kroh et al. 1970; Labarca and
L.oewus 1973 Vogl et al, 1994 Lind et al. 19905 Cheung
et al, 1995 Wang et al, 19937 Wu ¢t al. [995), Among
these substances are carbohydrates which are metabo-
lised in the pistl alter pollination and are assumed o
supply energy for the growing pollen tubes (Herrero and
Dickinson 1979 [chimura and Yamamoto 1992 Knox
1OR4). Once pollen germinates after pollination, the pol-
len tubes grow very rapidly. Maize pollen tubes, for m-
stance, can reach growth rates of approximately | em/h
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(Bedinger et aly 1994), This fast pollen tube growth re-
quires rapid formation ol new cell wall malerial which
represents a major metabolic toad on the pollen tubes.

The internal metabolism of the pollen tubes seems to
be partly anacrobie, because pollen (ubes cultured n vit-
ro produce ethanol, This suggests that respiration 1s in-
sullicient to fullill the pollen requircment for energy, and
that fermentation is uscd as an accessory energy-generat-
ing pathway (Bucher et al. 1995), In pnlltmllud pistils,
llu_, oxygen tenston drops sharply 1 the region ol the pol-
len tube tips, This indicates that potlen tube tips have
high oxygen consumption rate which results in local oxy-
gen deprivation (Linskens and Schrauwen 1966), During
oxygen deprivation, fermentation  generates ATP and
NAD" and results in the production of ethanol (Freeling
and Bennett T985). 1 is proposed that the ethanol synthe-
sised in vivo by pollen tubes through the action ol alco-
hol dehydrogenase (ADED is remetabolised m the pistil
by ADH, aldchyde dehydrogenase and acetyl-CoA syn-
thetase (Bucher et al, 1995). Hlence, ADEH must already
be present in unpollinated pistits or induced by pollina-
Lion, To test this hypothests, we investigated whether ad/i
gene transeripts and subscquent ADH enzyme activity
are induced by pollen tube growth or already present i
unpollinated pistils ol Solanum tuberosum.
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Materials and methods
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Plant matenral

Potato plants (Solanm tuberosuny were grown in i climate chime
ber at 20°CT under u light/dark regime ol 16/8 h, Characteristics of
the plants have been described elsewhere (van Eldik et al. 1995,
Mature potlen wis collected from anthers at anthesis and applicd
(o the stigma of Mowers at the same stage. For anoxia studices,
lcaves were submerged 1o water for 18 b Al plant material wis
coltected from mature flowers and plants.

Nucleie actd methods

Total RNA 1solatton and gel blot analyses were performed as de-

seribed by van Bldik et al, (1995), For the detection of adh tran-
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seripts, sth-11 ¢cDNA (Matton et al. 1990) from S. tuberosum was
used. Enzyme activity of the ADH protein encoded by the sth-11
¢DNA was demonstrated in vitro (Matton et al. 1990).

ADH activity assay by gel staining

The various potato tissues were separately ground in liquid nitro-
gen and then mixed with extraction buffer (100 mM TRIS-HCI
pH 8.0, S mM DTT, 2% PVPP, (.1% [-mercapto-ethanol) at 4°C.
Nalive gels containing 7.5% polyacrylamide were prepared in x|
TBE (90 mM TRIS-Borate, | mM EDTA pH 8.0) with cach lance
containing 10 g of protein, Blectrophoresis was performed at
room temperature at 200 V in x| TBE. The gels were soaked in an
ADH-activity staining solution of 300 pg/ml NAD™, 200 pg/ml ni-
troblue tetrazolium, 100 pg/ml phenazine  methanosultonale,
| mM TRIS-HCI pH 7.5 and 0% ethanol for 30 min at 37°C in
the dark (Gregerson et al, 1991). After staming the gels were
washed in distilled water.

Results

To study the possibility that ADH activily was present i
unpollinated pistils we measured the ADH activity in
[lower organs and leaves ol Solanmum tuberosum. Enzyme

1.4 kKb

Fig. 1 ADH activity and gene expression in potato organs, a Or-
gan-specilic ADH activity, b ADH activity induced by pollen tube
arowth, Proteins (10 g per lane) were isolated and fractionated

by native polyacrylamide gel electrophoresis, The gels were

stained for ADH activity. ¢ Northern blot analysis ol sth-11 gene
expression in different potato organs. Total RNA (10 ng per fane)
was Isolated, [ractionated by agarose/lormaldehyde gel clectro-
phoresis and transferred to nylon membranes. Alter hybridisation
lo the sth-11 ¢DNA probe (Matton et al. [990), the blots were
washed in x1 SSC, .1% SDS at 58°C and used for autoradiogra-
phy. The size (kb) ol the hybridising band is indicated; wn unpolli-
nated pistils: ol pollinated pistils

Discussion

activity does occur in mature pollen and complete an-
thers. ADH activity was not found in unpollinated pistils,
nor in petals, ovaries and leaves (Fig. la).

To investigate whether ADH 1s induced 1n pistils alter
pollination, the ADH activity was determined in pistils
24 h alter pollination using ADH-activity stain on poly-
acrylamide gels. As shown in Fig. 1b, two 1sozymes arc
present in pollinated pistils of which the faster-migrating
form is predominant. The stower-migrating form corre-
sponds to the isozyme present in anthers and pollen. In
leaves subjected (o anoxia by submersion in water, a
treatment that induces ADH activity, an ADH isozyme is
induced that comigrates with the predominant isozyme
in pollinated pistils, This indicates that oxygen depriva-
tion n leaves iduces the same ADH 1sozyme that polli-
nation induces in pistils.

To analyse whether the induction of ADH activity in
pollinated pistils is preceded by induced adhi gene ex-
pression, we determined the transeript levels of the
ADH-encoding potato sthi-11 gene (Matton ¢t al, 1990),
The sth-11 gene was predommantly expressed m polli-
nated pistils, anthers and roots, whereas in unpollinated
pistils and all other organs tested only a faint hybridisa-
tion signal was present (Fig, Te). This mdicates that adl
gene expression is induced after pollination in pistils,

Both adh gene expression and ADH enzyme activity are
induced in pollinated pistils ol Solanum tuberosum. Two
different ADH isozymes are present in pollinated pistils.
The Taster-migrating form predominates and is induced
by pollination (IFig, 1b). The slower-migrating form s
less abundant and comparable to the ADH isozyme pres-
ent in anthers and pollen, which suggests an origin {rom
he pollen. Northern blot analysis revealed one single
MRNA band (g, [¢). tTowever, the presence of two dil-
[erent ADI mRNAs with the same size cannot be ex-
cludeds this situation has been deseribed Tor rice seed-
lings (Xic and Wu 1989). Comiparison between transcript
levels and ADH activity (Fig, 1b,¢) dicates that the
ADEH activity observed in pollinated pistils is presum-
ably due (0 de novo transeription, as has also been de-
seribed for ADH induction i other plant species™ (Gre-
gerson et al, 1991 Kadowaki et al. 1988; Rousselin et al,
1994, Xic and Wu [989),

Whether the induced levels ol adli gene transeripts
and ADH enzyme activity in pollinated pistils are local-
ised 1 the growing pollen tubes or the surrounding tis-
sues ol the pistil could not be discerned with our ap-
proach. However, the induction o adli gene expression
in pollen tubes is not likely, because adl is not expressed
in pollen and no genes have been deseribed which are
transcribed only in pollen tubes.

In plants grown under normal, acrobic conditions, sig-
nilicant ADH cnzyme activity is present only in pollen
(Bucher et al. 1995, Schwartz. 1971), whereas adh gene
expression s induced in all tissues at high levels only al-




ter stress such as oxygen deprivation or elicitor treatment
(Freehng and Bennett 1985; Matton et al. 1990); Xic and
Wu 1989). The induction of the same ADH isozyme in
pollinated pistils and 1n anoxic leaves suggests that dur-
ing pollen tube growth oxygen deprivation is the induc-
ing condition in pistils.

The mduction of both adh gene expression and ADH
enzyme activity i pistils after pollination indicates that
in pollinated pistils fermentation is used as an energy-
generating pathway. As a result of fermentation, ethanol
is formed which may be produced by the pistil or the
pollen tubes. However, it is likely that the growing pol-
len tubes produce cthanol because in vitro germinating
pollen produce cthanol (Bucher et al. 19935). The ethanol
[ormed in the pollen tubes would diffuse to the surround-
ing tssues and would be remetabolised by the pistil
through the action of induced ADH enzyme activity, as
has been proposed by Bucher et al, (1993), Ethanol can
be (oxic, and oxidation of the ethanol
ADH in the pistil is an effective detoxification, However,
ADIT activity is not absolutely essential for plant repro-
duction. Mutant plants that do not express an adli gene
are not stertle (Ireeling and Bennett 1985 Wisman et al,
1003), although the absence of fermentation as an energ
source pathway may reduce the growth rate of the pollen
tubes,

ADI enzyme activity ts present in complete anthers
and mature pollen of potato (Fig. Ta), whereas adlt gene
expresston is predominant only i complete anthers
(Fig. 1), "This suggests that ADI proteins derived from
sporophytic anther tissue are deposited on pollen, al-
thougly adhi gene expresston and subsequent ADI aceu-
mulation in the pollen itself during carly development
annot be excluded. The same discrepaney between adli
gene expression and ADIH enzyme activity has been de-
seribed tor Petunia hvbrida (Gregerson et al, 1991).

Definite prool for the role of ADH enzyme activily In
the metabolism ol cthanol during pollen tube growth
should be provided by experiments m which ADH en-
zyme activity is related 1o the production and accumula-
tion of cthanol during in vivo pollen tube growth,
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