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Abstract The regulation of alcohol dehydrogenas@edinger et al. 1994). This fast pollen tube growth re-
(ADH) in relation to in vivo pollen tube growth &ola- quires rapid formation of new cell wall material which
num tuberosunwas investigatedddhgene expression asrepresents a major metabolic load on the pollen tubes.
well as ADH enzyme activity were induced in pollinated The internal metabolism of the pollen tubes seems to
pistils. The induced ADH isozyme in pollinated pistils ibe partly anaerobic, because pollen tubes cultured in vit-
not present in pollen or anthers. The same ADH isozymeproduce ethanol. This suggests that respiration is in-
is induced in leaves submerged in water. The sign#ufficient to fulfill the pollen requirement for energy, and
cance of the induction of ADH activity for pollen tubehat fermentation is used as an accessory energy-generat-
growth is discussed. ing pathway (Bucher et al. 1995). In pollinated pistils,
the oxygen tension drops sharply in the region of the pol-
Key words Pistil - Pollen tube growth - Pollen - Alcoholen tube tips. This indicates that pollen tube tips have a
dehydrogenase - ACH high oxygen consumption rate which results in local oxy-
gen deprivation (Linskens and Schrauwen 1966). During
- oxygen deprivation, fermentation generates ATP and
Introduction NAD* and results in the production of ethanol (Freeling
The pistil plays an essential role during pollination aand Bennett 1985). It is proposed that the ethanol synthe-
o P pt fy intion i th <h 9 pt i Ssed in vivo by pollen tubes through the action of alco-
su_dsequen der fisation In ‘ f] nourI:s mekr; : reé:ognn | dehydrogenase (ADH) is remetabolised in the pisti
gu:I anceban pro;egtlon % the pollen tu e]f" UCCESHY ADH, aldehyde dehydrogenase and acetyl-CoA syn-
{Jho e? Itu te grovv_ttt_ e?en S on .f‘ E)/Iantet);ho nul'lfrler?[tst tase (Bucher et al. 1995). Hence, ADH must already
€ stylar trahsmitting 'SS}Je avaiiabe 1o gpo en Ubﬁ present in unpollinated pistils or induced by pollina-
(Herrero and Arbelo 1989; Kroh et al. 1970; Labarca ap ; : : :
Loewus 1973 Voat et al. 1994: Lind et al. 1996- Cheutha™ To test this hypothesis, we investigated whedlaér
, VOg ' ' ' ' Ane transcripts and subsequent ADH enzyme activity

et al. 1995, Wang et al. 1993; Wu et al. 1995). Amongs j,qced by pollen tube growth or already present in
these substances are carbohydrates which are met Bbllinated pistils oBolanum tuberosum

lised in the pistil after pollination and are assumed 10
supply energy for the growing pollen tubes (Herrero and
Dickinson 1979; Ichimura and Yamamoto 1992; Kn -

1984). Once pollen germinates after pollination, the po laterials and methods
len tubes grow very rapidly. Maize pollen tubes, for imjant material

stance, can reach growth rates of approximately 1 cm/h
Potato plants§olanum tuberosunwere grown in a climate cham-

o oo ber at 20°C under a light/dark regime of 16/8 h. Characteristics of
‘(];A],\Xagclﬂgﬁwzn%;q ugeg V':/Auwég'svan Herpen the plants have been described elsewhere (van Eldik et al. 1995).
Department of Experimental Botany, University of Nijmegen, Mature pollen was collected from anthers at anthesis and applied
Toernooiveld 1, 6525 ED Nijmegen, The Netherlands to the stigma of flowers at the same stage. For anoxia studies,

Fax +31—24—3553450; e-mail schrauw@sci.kun.nl leaves were submerged in water for 18 h. All plant material was
’ R collected from mature flowers and plants.
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scripts, sth-11 cDNA (Matton et al. 1990) frdBn tuberosunwas  activity does occur in mature pollen and complete an-
used. Enzyme activity of the ADH protein encoded by the sth-flers, ADH activity was not found in unpollinated pistils,
cDNA was demonstrated in vitro (Matton et al. 1990). nor in petals, ovaries and leaves (Fig. 1a).
To investigate whether ADH is induced in pistils after
ADH activity assay by gel staining pollination, the ADH activity was determined in pistils
24 h after pollination using ADH-activity stain on poly-

The various potato tissues were separately ground in liquid nitgg< ; ; ; :
gen and then mixed with extraction buffer (100 mM TRIS-HC[#ryIam'de gels. As shown in Fig. 1b, two isozymes are

pH 8.0, 5 mM DTT, 2% PVPP, 0.1%mercapto-ethanol) at 4°C. Present in pollinated pistils of which the faster-migrating
Native gels containing 7.5% polyacrylamide were prepared in farm is predominant. The slower-migrating form corre-
TBE (90 mM TRIS-Borate, 1 mM EDTA pH 8.0) with each langponds to the isozyme present in anthers and pollen. In
containing 10pg of protein. Electrophoresis was performed aggyeg subjected to anoxia by submersion in water, a
room temperature at 200 V in x1 TBE. The gels were soaked in _an hat ind ADH . ADH i !
ADH-activity staining solution of 30g/ml NAD*, 200pg/mi ni-  treatment that induces | activity, an ADH Isozyme Is
troblue _tetrazolium, 100pg/ml phenazine methanosulfonatejnduced that comigrates with the predominant isozyme
1 mM TRIS-HCI pH 7.5 and 10% ethanol for 30 min at 37°C i pollinated pistils. This indicates that oxygen depriva-
the ﬁaék- (gre%e?on et al. 1991). After staining the gels wg[gn in |eaves induces the same ADH isozyme that polli-
washed in distilled water. nation induces in pistils.

To analyse whether the induction of ADH activity in
pollinated pistils is preceded by inducadh gene ex-
pression, we determined the transcript levels of the
ADH-encoding potatsth-11gene (Matton et al. 1990).

To study the possibility that ADH activity was present ."Phe sth-11gene was predominantly expressed in polli-

ﬁgfvce):lr“g?gt:(rj}sp;tgsle\g\?e?gti;%enﬂ ttlj]k?e :)‘ELT I’TE?]CZt)I/VI"Ir% 'H_ated pistils, anthers and roots, whereas in unpollinated
pistils and all other organs tested only a faint hybridisa-

A tion signal was present (Fig. 1c¢). This indicates Hutit

gene expression is induced after pollination in pistils.

Results

\ o
Q&w Q\a}\ & Qo\\‘?' S&
” Discussion
. » Both adh gene expression and ADH enzyme activity are
e induced in pollinated pistils ddolanum tuberosuniwo
different ADH isozymes are present in pollinated pistils.
B pistil leaf The faster-migrating form predominates and is induced
by pollination (Fig. 1b). The slower-migrating form is
& S o less abundant and comparable to the ADH isozyme pres-
,bg»*‘ & Q"\ 00(“ @"’ ent in anthers and pollen, which suggests an origin from

the pollen. Northern blot analysis revealed one single
- mMRNA band (Fig. 1c). However, the presence of two dif-
‘“ “ ferent ADH mRNAs with the same size cannot be ex-
cluded; this situation has been described for rice seed-
lings (Xie and Wu 1989). Comparison between transcript
(o] levels and ADH activity (Fig. 1b,c) indicates that the
ADH activity observed in pollinated pistils is presum-
ably due to de novo transcription, as has also been de-
scribed for ADH induction in other plant species (Gre-
gerson et al. 1991; Kadowaki et al. 1988; Rousselin et al.
1994; Xie and Wu 1989).
Whether the induced levels afdh gene transcripts
; and ADH enzyme activity in pollinated pistils are local-
Fig. 1 ADH activity and gene expression in potato organ€r- ised in the growing pollen tubes or the surrounding tis-
gan-specific ADH activityb ADH activity induced by pollen tube sues of the pistil could not be discerned with our ap-
gm\,\r’\tgfivimtilln;c(rlclp;?ni%eer 'agle)e‘l’éii‘fo'sﬁc')?éi?sa”TdhgaCte'?S”avtve roach. However, the induction afih gene expression
styained for IOADBI/—l agtivity.c Ngrthern bIotpanaIysis aith-llggene _Hapollen tubes is not likely, becauaehis not_ express_ed
expression in different potato organs. Total RNA (&0per lane) in pollen and no genes have been described which are
was isolated, fractionated by agarose/formaldehyde gel electr@anscribed only in pollen tubes.

phoresis and transferred to nylon membranes. After hybridisation |n plants grown under normal, aerobic conditions, sig-

to the sth-11 cDNA probe (Matton et al. 1990), the blots wefec Nt i ;
washed in x1 SSC, 0.1% SDS at 58°C and used for autoradioggICant ADH enzyme activity is present only in pollen

phy. The sizekb) of the hybridising band is indicatedn unpolli- ucher et al. 1995; Schwartz 1971), wheradh gene
nated pistilspol pollinated pistilss expression is induced in all tissues at high levels only af-

1.4 kb
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ter stress such as oxygen deprivation or elicitor treatmeheung AY, Wang H, Wu HM (1995) A floral transmitting tissue-
(Freeling and Bennett 1985; Matton et al. 1990; Xie and specific glycoprotein attracts pollen tubes and stimulates their

- : : .~ growth. Cell 82:383-393
Wu 1989). The induction of the same ADH isozyme Bldik GJ van, Vriezen WH, Wingens M, Ruiter RK, Van Herpen

pollinated pistils and in anoxic leaves suggests that dur-pmma, Schrauwen JAM, Wullems GJ (1995) A pistil-specific
ing pollen tube growth oxygen deprivation is the induc- gene ofSolanum tuberosuns predominantly expressed in the
ing condition in pistils. stylar cortex. Sex Plant Reprod 8:173-179

The induction of bottadh gene expression and ADHFre‘;'L“%igf'lggggﬁgzgc (1985) Maize Adhl. Annu Rev Plant
in pollinated pistils fermentation is used as an energy- (1991) Structure, expression, chromosomal location and prod-
generating pathway. As a result of fermentation, ethanoluct of the gene encodingdhl in Petunia Plant Mol Biol

; i ioti 17:37-48
is formed which may be produced by the pistil or t errero M, Arbelo A (1989) Influence of the pistil on pollen tube

pollen tubes. However, it is likely that the growing pol-"yinetics in peachRrunus persich Am J Bot 76(10):1441—
len tubes produce ethanol because in vitro germinating1447

pollen produce ethanol (Bucher et al. 1995). The ethahiefrero M, Dickinson HG (1979) Pollen-pistil incompatibility in
formed in the pollen tubes would diffuse to the surround- Petunia hybrida changes in the pistil following compatible

. . . . .1 and incompatible intraspecific crosses. J Cell Sci 36:1-18
ing tissues and would be remetabolised by the p'?&“imura K, Yamamoto Y (1992) Changes in the amount and com-

through the action of induced ADH enzyme activity, as position of stylar canal exudate after self-pollination or cross-
has been proposed by Bucher et al. (1995). Ethanol carpollination in self-incompatible.ilium longiflorum Thunb. J
be toxic, and oxidation of the ethanol by the action gf Jpn Soc Hort Sci 61:609-617

. P . PO adowaki KI, Matsuoka M, Murai N, Harada K (1988) Induction
ADH in the pistil is an effective detoxification. HowevelJ,< of two alcohol dehydrogenase polypeptides in rice roots dur-

ADH activity is not absolutely essential for plant repro- ing anaerobiosis. Plant Sci 54:29-36
duction. Mutant plants that do not expressadh gene Knox RB (1984) Pollen-pistil interactions. In: Linskens HF, He-
are not sterile (Freeling and Bennett 1985; Wisman et al.slop-Harrison J (eds) Encyclopedia of plant physiology, vol

; 7. Springer, Berlin Heidelberg New York, pp 508-608
1993), although the absence of fermentation as an en M. Miki-Hifosige H, Rosen W, Loewus F (1970) Incorpora-

source pathway may reduce the growth rate of the polleNon’of abel into polien tube walls from myoinositol-labeled
tubes. Lilium longiflorumpistils. Plant Physiol 45:92-94

ADH enzyme activity is present in complete anthekgbarca C, Loewus F (1973) The nutritional role of the pistil exu-
and mature pollen of potato (Fig. 1a), wheradh gene gitfs{&%%'-'gg_‘gge wall formation lalium longiflorum Plant
expression IS predominant only in C‘?mp'et? anthef_riﬁd JL, Bonig' I, Clarke AE, Anderson MA (1996) A style-specif-
(Fig. 1c). Th|3 suggests that ADH proteins derived from ic 120-kDa glycoprotein enters pollen tubes of Nicotiana alata
sporophytic anther tissue are deposited on pollen, al-in vivo. Sex Plant Reprod 9:75-86

thoughadh gene expression and subsequent ADH acdiaskens HF, Schrauwen J (1966) Measurement of oxygen tension

mulation in the pollen itself during early development g'}?‘;gffog“ the style during pollen tube growth. Planta

cannot be exc?lUded- The same discrep_a_ncy betad@en \atton DP, Constabel CP, Brisson N (1990) Alcohol dehydroge-
gene expression and ADH enzyme activity has been denase gene expression in potato following elicitor and stress

scribed forPetunia hybridgGregerson et al. 1991). treatment. Plant Mol Biol 14:775-783

i ity inRousselin P, Toro Perea N, Doferus R, Tahar B, Caboche M, Ja-
Definite proof for the role of ADH enzyme activity in cobs M (1994) Complementation of an alcohol dehydroge-

the metabolism of ethanol during pollen tube growth ase_geficienNicotiana plumbaginifoliamutant by transfor-
should be provided by experiments in which ADH en- mation with theArabidopsis thalianaAdh gene. Trans Res
zyme activity is related to the production and accumula- 3:376-387 _
tion of ethanol during in vivo pollen tube growth. Schwartz D (1971) Genetic control of alcohol dehydrogenase. A
competition model for regulation of gene action. Genetics
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