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Algemene Inleiding

Studies betreffende vitaliteit en houdbaarheid van stuifmeel hebben een
praktische kant enerzijds, waar het de plantenveredeling aangaat, anderzijds
kunnen ze het inzicht verruimen omtrent bestuivingsfysiclegische processen in
samenhang met oecologische factoren.

Vitaliteit van pollen kon eerst worden geschat nadat pioniers op het gebied
van de pollenfysiclogie, waaronder van Tieghem (1869), Mangin (1886), Molisch
(1893) en Lidfors (1896), er in waren geslaagd op kunstmatige wijze kieming en
pollenbuisgroei tot stand te brengen. In later onderzoek werden de kunstmatige
media verder geoptimaliseerd door toevoeging van suiker ( zie de reviews van
Visser, 1955, en Johri en Vasil, 1961), calcium (Brewbaker en Kwack, 1963) en
borium, dat van nature in stempelsekreet bleek voor te komen (Schmucker, 1932).

De drijfveer van het zoeken naar omstandigheden en methoden die kummen lei-
den tot verlenging van houdbaatheid van stuifmeel was van praktische aard., Im-
mers, behoud van vitaliteit zou verzending mogelijk maken van pollen ten behoe-
ve van hybridisering. Bovendien zouden kruisingen kunnen worden gemaakt tussen
planten die op uiteenlopende tijdstippen in bloei komen. De relatieve lucht-
vochtigheid {RV} als factor van belang voor behoud van vitaliteit, werd grondig
onderzocht door Pfundt (1910) bij een groot aantal pellensoorten. De keuze van
deze factor lag voor de hand, omdat pollen van nature aan de invloed van de
sterk variabele luchtvochtigheid is overgeleverd, zodra het de beschermende
anthere heeft verlaten. Pfundt kwam tot de conclusie dat in veel gevallen
bleotstelling aan de lage RV van 30% cen betere owerleving van pollen mogelijk
maakt dan blootstelling aan de hoge RV van 90%. Sommige pollensoorten trokken
de aandacht vanwege hun extreem lange of korte houdbaarheid. Echter, Pfundt's
pogingen om hierin ordening aan te brengen naar taxonomische verwantschap,
hadden geen succes. Holman en Brubaker (1926 presenteerden een aanzienlijke
aanvulling op Pfundt's 1ijst, met daarbij aangegeven de beste overlevings-RV,
Ze kwamen met de classificatie niet veel verder, behalve in het geval van
Gramineae pollen dat opviel door zijn lage bestendigheid tegen reeds geringe
uitdroging, hetgeen later door Goss (1968) werd bevestigd. Afgezien van deze
irreversibele daling in vitaliteit bij Cramineae, werd bij ander pollen soms

een lage kiembaarheid waargenomen als gevolg van de zeer sterke uitdroging
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bhoven geconcentreerd zwavelzuur. Echter, in het licht van meer recent onder-
zoek ( Lichte, 1957; Jensen, 1970; Gilissen, 1977 en 1978) kan de oorzaak
van dit schijnbare vitaliteitsverlies worden toegeschreven aan onvoldcende
rehydratatie in vochtige lucht, voorafpaand aan kieming <» vitro.

Bij angiospermen komt het pollen vrij in een twee- of driecellig stadium.
Het tweecellige, ook wel binucleaat type genoemd, bezit &&n vegetatieve en
éen generatieve cel, welke laatste tijdens pollenbuisgroei nogmaals een mitose
ondergaat. Het driecellige type (trinucleaat type} heeft &&n vegetatieve en
twee generatieve cellen. De tweede mitose vindt reeds plaats tijdens de ont-
wikkeling van de pollenkorrei in de anthere. Zeventig percent van de planten-
families bezit stuifimeel dat vrijkomt in het binucleate stadium. Van de overipge
plantenfamilies, waaronder de landbouwkundig belangrijke Gramineae, Chenopodia-
ceae, Compositae en Cruciferae, leveren enkele of alle generz trinucleaat
stulfmeel. Voorncemde verdeling in binucleate en trinucleate families werd
opgesteld aan de hand van cytologisch onderzoek aan ongeveer 2000 scorten be-
horende tot 265 families (Brewbaker, 1967). Brewbaker (1957) en Pandey (1960)
claimen voorts, dat trinucleate typen uitsluitend worden aangetroffen in fylo-
genetisch recente plantenfamilies.

Het is de grote verdienste van Brewbaker (1957, 1959) dat hij wees op het
verband tussen enige pollenfysiologische eigenschappen, waaronder houdbaarheid,
en het aantal cellen. Binucleaat pollen blijft gedurende een lange periode
levensvatbaar, levert een hoog percentage kieming in vitro, en de taxa worden
gekarakteriseerd door het gametofytische type van incompatibiliteit. Trinu-
cleaat pollen daarentegen heeft slechts een beperkte vitaliteit, kiemt moei-
lijk in vitro, en de taxa worden over het algemeen gekarakteriseerd door het
sporofytische type van incompatibiliteit. Men nam aan dat de beperkte vitali-
teit van trinucleaat pollen het gevelg was van gebrek aan metabolieten, ver-
ocrzaakt door de tweede mitotische deling, Vergelijkende bepalingen van gehal-
ten aan suikers en andere metabolieten (Stanley en Linskens, 1974), onder-
steunen deze opinie echter niet.

Ondariks deze belangrijke correlaties is er nauwwelijks vergelijkend onderzoek
gedaan aan de fysiologie van twee- en driecellig pollen, terwijl juist veel
informatie beschikbaar is met betrekking tot de kieming van tweecellig pollen.
In het onderhavige proefschrift wordt uitgebreid aandacht besteed aan de
fysiologische en metabolische eigenschappen die leiden tot het unieke karak-
ter van trinucleate pollensoorten., In de discussies van de aparte hoofdstukken
worden deze eigenschappen besproken in relatie tot het evolutionair geavanceer-
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de karakter van trinucleaat pollen.

Voor het gcede verloop van dit cnderzoek moest eerst een aantal trinucleate
pollensoorten met succes kumnen worden gekiemd <m witro, De weinige voorbeel-
den daarvan uit de Iiteratuur geven aan dat de wijze van waterdosering eemn
precaire kwestie is. Kubo (1955 en 1956) loste dit probleem op door pollen van
Compositae en Tritiown te laten kiemen op zeer dumne laagjes suikerhoudend
medium, dat een zeer hoog gehalte aan gelatine bevatte (60%). Goede kieming
van Cruciferae pollen geschiedt in media waaraan het osmotisch actieve poly-
ethyleenglycol is toegevoegd (Ferrari en Wallace, 1975). Recente studies geven
aan dat de cruciale factor voor het mislukken van kieming bij trinucleate
typen de te hoge snelheid is waarmee water wordt opgenomen ( Bar-Shalom en
Mattsson, 1977). Oprmerkelijk zijn in dit verband de resultaten van het verge-
lijkend cnderzoek naar het vocrkomen van droge of natte stempels ( Heslop-Har-
tison en Shivamna, 1977). Planten met trinucleaat stuifmeel zijn voornamelijk

in het bezit van droge stempels, zonder overvlcedig exudaat.

In Hoofdstuk I { Hoekstra en Bruinsma, 1975 a) worden media geformuleerd veor
optimale pollenkieming ¢» witfro van vertegerwcordigers van een aantal gene-
ra der trinucleate Compositae. Bijzondere aandacht is besteed aan de cal-
cium- en boriumbehoefte. Het effect van voorafgaande equilibratie in voch-
tige lucht cp het percentage gerealiseerde kienbuizen is bestudeerd, en het
weglaten van deze behandeling wordt bediscussieerd in relatie tot eerdere
literatuurgegevens.

De relatieve luchtvochtigheid en temperatuur tijdens vrijkomen van stuif-
meel zijn onderzocht ap hun betekenis woor de dagelijkse variatie in kiem-
kracht. Omstandigheden worden aangegeven voor de meest gunstige bewaring
van dit trinucleate Compositae stuifmeel.

In Hoofdstuk II (Hoekstra en Bruinsma, 1975 b) wordt een vergelijkend onder-
zoek beschreven naar de ademhalingsactiviteit in vochtige lucht (RV=97%)
en de daarmee gepaard gaande vitaliteitsdaling van trinucleate pollensoor-
ten ten opzichte van enkele binucieate typen. Deze studies zijn gedaan om-
dat de indruk was verkregen dat speciaal trinucleaat stuifmeel in een toe-
stand van hoge metabolische activiteit verkeert [zie Hoofdstuk I). De gas-
wisseling is gemeten met behulp van gaschromatografie. De ademhaling van
heterogene pollenmonsters is gecorrigeerd voor slecht functionerende indi-
viduen via een speciale kleurmethode. Voorts is de adermhaling van verschil-
lende pollensoorten bij lagere RV bestudeerd in relatie tot hun overleving.
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Ock de specifieke gevoeligheid van trinucleaat Gramineae stuifmeel voor

uitdroging is deor middel van ademhalingsmetingen nader geanalyseerd.

Hoofdstuk III { Hoekstra, 1979) behandelt een uitvoerig onderzoek betreffende
de activiteit en de mate van ontwikkeling van mitochondrién in ongekiemd
pollen, en veranderingen daarin tijdens kieming <n witro. Vergeleken wor-
den 3 binucleate pollenscorten en 1 typisch trinucleate soort. Deze soerten
zijn gekozen op grond van hun zeer uiteenlopende ademhalingsactiviteiten
in vechtige lucht. Dit onderzoek is opgezet omdat verschillen in ontwikke-
ling van mitochondrién mogelijkerwijze de basis zouden kunnen vormen voor
de waargenomen verschillen in ademhalingsactiviteit tussen bi- en trinu-
cleaat pollen. Methoden zijn uitgewerkt ter isolering van actieve mitochon-
drign uit diverse typen pollen. Het vermogen tot oxydatieve fosforylering
in vitro is geregistreerd met behulp van polarografische zuurstofmeting.

Mitochondrién uit de diverse typen pollen worden gekarakteriseerd op
grend van de snelheid waarmee de maximale capaciteit van elektronentrans-
port wordt bereikt bij kieming in wizro., Deze snelheid wordt gecorreleerd
met die waarmee de kiembuizen verschijnen. Voornoemde gegevens uit isole-
ringsexperimenten worden voorts ondersteund door de bepaling van de adem-
halingssnelheid van intacte korrels en door directe extractie en meting
van adenylaatfosfaten. Met behulp van het laatste wordt de 'energy charge'
(EC) berekend, die een aanwijzing geeft voor het al dan niet kumnen voldoen
door het ademhalingssysteem aan de vraag naar ATP door anabolische stof-
wisselingswegen. Mitochondriéle ontwikkelingsverschillen tussen bi- en tri-
nucleaat pollen en tussen verschillende binucleate typen worden bediscus-
sieerd,

In het geval van een relatief lage mitochondriéle ontwikkelingsgraad is
ook getoetst of de novo synthese van eiwit een onmisbaar element is voor
opbouw van het elektronentransportsysteem en of veranderingen optreden in
de concentraties van de verschillende cytochromen. Mede naar aanleiding
van deze gegevens worden parallellen besproken met de ontwikkeling van
mitochondri&n in kiemende zaden.

In Hoofdstuk IV (Hoekstra en Bruinsma, 1979 a) is getracht de efficiency aan
te geven waarmee ademhaling in vochtige lucht, voorafgaande aan kieming
in vitro, plaats vindt. Eerder onderzoek (Hoofdstuk I1) wees uit dat onder
vochtige condities de houdbaarheid van bi- en trinucleaat pollen veel meer
uiteenloopt dan de ademhalingssnelheid. Een onderzoek is ingesteld naar
een mogelijk lage efficiency van de fosforylatie in de cytochroomroute en
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naar de betrokkenheid van de minder effici&nte, alternatieve, CN -cngevoe-
lige route bij incubatie in vochtige lucht, De participatie van de verschil-
lende routes van elektronentransport wordt vastgesteld na infiltratie van
het pollen met specifieke metabolische remmers. De aanpak via infiltratie
was noodzakelijk omdat in de meeste gevallen directe metingen aan mitochon-
drién, gefsoleerd uit ongekiemd stuifmeel, wegens iscleringsproblemen niet
juist verliepen ( zie Hoofdstuk III), Specificke effecten van ontkoppelaars
worden bediscussieerd, en waar mogelijk wordt de ATP-turnover geschat. Spe-
ciale aandacht is gericht op het van nature voorkomen van cen geremd adem-
halingssyteem.

In Hoofdstuk V {Hoekstra en Bruinsma, 1979 b) wordt bestudeerd in hoeverre een
geavanceerd mitochondrieel systeem in pollen samengaat met een actief eiwit-
synthetiserend apparaat. Daartoe wordt tritium-gelabeld leucine geinfil-
treerd in pollen,en de snelheden van incorperatie zijn bepaald tijdens adem-
haling in vochtige lucht en kieming <n vitre, al dan niet in aamwezigheid
van de remstof cycloheximide. Ter ondersteuning van de incorporatiegegevens
is de aanwezigheid van polyribosomen nagegaan met behulp van gradiéntcentri-
fugering. De waarnemingen worden ge&valuserd in relatie tot de lengte van
de te bestuiven stijlen en bediscussieerd in het licht van de evelutionaire
trend tot wersnelling van de bestuivingsfase.

Dit proefschrift wordt besloten met een samenvatting van de resultaten waar-
na een slotbeschouwwing volgt betreffende de evolutie van pollen in de Tich-
ting van een beperking van het aantal zelfstandig door de manlijke gametofyt
uit te voeren processen, de essentie van het trinucleate aspect daarin, en
de implicaties voor bloei en blcem,
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Viability of Compositae Pollen: Germination in vitro and
Influences of Climatic Conditions during Dehiscence

F. A. HoexsTra and ]. Bruinsma

Association Euratom-TITAL, Wageningen, and Department of Plant Physiology, Agricultural
University, Wageningen, The Netherlands

Summary

Effects of various components upon germination in witro were studied in order to de-
velop an optimal germination medium for Compositae pollen. Equilibration of pollen in
humid air, preceding germination, improved the reliability of results considerably.

Trregular germination ability of pollen samples, originating from different collections,
was studied by exposing flowering plants to different climatic conditions. High relative
humidity and temperature at dehiscence cavse a rapid decrease in pollen vitality. Data for
an optimal germination medium and for acquisition of good pollen quality are presented.

Introduction

Media for the in vitro germination of pollen have been developed for a large
number of plant species (Jourl and Vasi, 1961; Visser, 1955). Sugars are used
as osmotic agent and a source of energy (O’KELLEY, 1955; STANLEY and LINSKENS,
1964). For optimum germination and tube growth sucrose concentrations from 5 to
4090 are preferred by different pollen species {Visser, 1955). Agar or gelatin are
added to solidify the medium.

The importance of boron during germination and tube growth was discovered by
Scumucker (1932). Up to 100 pg/ml HyBO; greatly enhances germination and tube
growth in vitro (Visser, 1955). Lack of Ca causes an increase in membrane perme-
ability, resulting in leakage of metabolites (BREWBAKER and Kwack, 1963; Dickin-
sON, 1967). A much neglected aspect of pollen germination in witre is reconditioning
in humid air (Visser, 1955; LicuTE, 1957). Upon storage at low temperatures, low
relative humidities, or freeze drying, high germination percentages could not be
obtained without equilibration under humid conditions (Jensen, 1970). Ignorance of
the importance of reconditioning may be the cause of repeatedly observed irregular
germination percentages (Hoiman and BruBAkeR, 1926; NeseL and RUTTLE, 1936).

Germination in vitro of Compositae pollen is difficult, requiring high sugar per-
centages {30-40 %4} and special water-restricting conditions, Other trinucleate pollen
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species behave similarly, their longevity being very restricted (BrEwpaker, 1959).
When Compositae pollen was successfully germinated, short pollen tubes have fre-
quently been noticed (Prunpt, 1910; PobDUBNAJA-ARNOLDI, 1936; MATSUBARA and
TsukaMoTo, 1968). In the present study the optimum conditions for the in witro
germination of Compositae pollen are established and the effects of climatic condi-
tions during dehiscence on the pollen viability studied.

Material and Methods

Different species of Compositae were grown in soil in plastic pots in growth chambers,
at 30,000 lux fluorescent light (Philips TL 33 R) at flower height during 14 hrs per day
at 24 °C, night temperature 17 °C, relative humidity (RH), day 65 %0 and night 92 %,.

In order to climinate the influence of differences in desiccation, pollen was equilibrated
on a slide in an atmosphere saturated with water vapour at 30 °C prior to germination
in vitro. In each germination test, 0.5 mg pollen was incubated on a slide in 150 1] medium
at 30 °C, allowing for optimum oxygen supply. Germinated grains were stained with an
aqueous, decolorized aniline blue solution and the germination percentage was determined
under an ultraviolet microscope. For the observation of tube growth in wvive, styles were
macerated in 1 N NaOH prior to staining in aniline blue and squashing {Linskens and
EssEr, 1957).

Chrysanthemum cinerariaefolium Vis. is chosen as an average representative of the other
species.

Resules

Although Chrysanthemum cinerariacfolinm pollen could be successfully germinated
in vitro on solid media containing agar and/or gelatin, the composition of a suitable
liquid medium was searched for. Germination percentages obtained with solid media
turned out to be irreproducable, perhaps because of different water-restricting con-
ditions due to varying thickness of the layers.

Effect of sucrose

As can be seen in figure 1, good germination of C. cinerariaefolium pollen can be
obtained at about 1 M sucrose. With small adaptations in sucrose concentration, this
medium was suitable for pollen germination of 34 species belonging to the genera
Cichorium, Cosmos, Dablia, Helianthus, Zinnia, Aster, Inula, Helichrysum, Senecio,
Tussilago, Helenium, Tagetes, Gazania, Calendula, Chrysanthemum, and Tanacetum,

Effect of boric acid

In contrast with the solid medium, addition of boric acid was essential in the
liquid medium, omission resulting in rupture of the intine. Figure 2 shows that
10-100 pg/ml H;BO; largely prevents bursting and allows for germination. In-
teraction of boric acid, sucrose and temperacture could be established, showing a di-
minished need of boric acid at lower temperature and higher sucrose concentrations.
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Fig. 1: Germination in vitro of Chrysanthemum polien ar different sucrose concencrations.
The liquid medium also contained 100 wg/ml HBO; and 2 mM Ca{OH), adjusted with
concentrated H;PO, at pH = 6.8.
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Fig. 2: Effect of boric acid concentration on bursting and germination of Chrysanthemnm
pollen. The liquid medium also contained 1.32 M sucrose and 2 mM Ca(OH), adjusted with
concentrated HyPO, at pH = 6.8.

Effect of calcium

Like boric acid, Ca is indispensable in the liquid medium, 2 mM Ca(OH).
adjusted with concentrated HyPQ, at pH = 6.8 turned out to be satisfactory. The
pH had to be kept within 6.2 and 7.5.

Effect of temperature

In figure 3, the effect of temperature on the germination percentage in vitro is
demonstrated, 25-32 °C being optimum.
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Fig. 3: Effect of temperature upon germination of Chrysanthemum pollen. The liquid me-
dium contained 1.32 M sucrose, 2 mM Ca(OH); and 100 ug/ml HyBO, pH = 6.8.

Effect of reconditioning

Omitting equilibration in humid air prior to germination in vitro frequently caused
low germination percentages. Particularly dried and stored pollen lost its germination
ability in witro due to considerable leakage of U.V.-absorbing marterial out of the
grains. Equilibration in humid air at 30 °C for at least 15 min. prevented excessive
leakage and restored germination ability in vitro to a great extent.

Germination in vitro and in vive showed identical results, also with different
pollen qualities. Apparently, the requirements for optimum germination are realized
at 30 °C in a liquid medium containing 0.9-1.4 M sucrose, 100 pg/ml H;BO,
and 2 mM Ca(OH),, adjusted with concentrated HsPO, at pH = 6.8. Tube growth
in witro, however, ceased within ten minutes after emergence, resulting in short tubes
of 70-1C0 u. The protrusions formed were real pollen tubes, staining with aniline
blue revealed callose under the ultraviolet microscope, in contrast with the so called
instant pollen tubes, which can be obtained by a shock treatment with sulfuric acid
to a final concentration of 4 9/ {LiNskENs and MULLENEERS, 1967).

Germination in vitro of fresh pollen samples from plants in the field revealed un-
expected fluctuations in daily viability, indicating strong short-term influences of
climatic conditions. Effects of relative humidity and temperature during dehiscence
were analysed as possible causes of this daily variation.

Effect of RH at debiscence

Figure 4 shows the influence of the RH at 24 °C upon the viability of fresh
pollen during anthesis. The wind velocity had to be at least 0.3 m/sec. in order to
maintain the RH, insufficient ventilation allowing for a layer of high humidity
to be built up by anther transpiration. High RH during anthesis considerably de-
creased the vitality of Chrysanthemum cinerariaefolium pollen. Pollen of the earlier
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Fig. 4: Effect of relative humidity during dehiscence on germination under optimum con-
ditions in vitro of Chrysanthemum pollen collected three hrs. after dehiscence at 24 °C.

mentioned genera of Compositae showed similar adverse effects. The best pollen

quality was obtained at relatively low temperacures (17 °C), high temperatures
(35 °C) being detrimental.

Effect of RH during storage

Storage of fresh Chrysanthemum pollen turned out to be unfavourable at water-
saturated armospheres, the vitality being limited to hours, particularly at higher
temperatures (Figure 5). Longevity could be extended to several days by exposing
pollen to lower relative humidities, e.g. 60 % (Figure 6). At high temperatures, e.g.
30°, the beneficial effect of decreased RH was only small. Preservation of vitality

for aver one year was achieved by drying over NaOH pellets at 5 °C for 20 hours,
prior to storage at — 20 °C.
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Fig. 5: Vitality decrease of Chrysantbemum pollen in the course of incubation in humid
air at different temperatures.
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Fig. 6: Vitality decrease at 20 °C and RH = 60% of three samples of Chrysanthemum
pollen of different qualitaties.

Discussion

The difficulties with the in vitro germination of Compositae pollen turn out to
be caused by several factors. Relative humidities of 50%a and lower, occasionally
occurring in the field, rapidly desiccate pollen. This considerably reduces germination
in witro because of leakage of protein and carbohydrate (CHing and CHing, 1964;
Jensen, 1970; Davies and Dickinson, 1971). Membrane integrity can be restored
by equilibration of pollen in humid air. Germination media, containing agar or ge-
latin, may obviate this leakage to some degree by hampering the diffusion of pro-
tein . In liquid media, however, omission of equilibration of pollen in humid air,
prior to germination, undoubtedly is one of the main causes of irregular germination
behaviour of Compositae pollen. None of the authors dealing with pollen germina-
tion of Compositae (PrunpT, 1910; PobpuBNaja-ArNoLp1, 1936; Kuso, 1954 and
1955; Matsusara and Tsukamoro, 1968) applied this method of preliminary
equilibration in humid air,

Concerning the germination medium, several components affected germination.
Early investigators of pollen physiology avoided the need for calcium and boron by
applying media with agar and gelatin, thus reducing the rate of water uptake. Re-
peated germination of the same sample, however, gave fluctuating results due to the
varying consistency in the surface of the medium. Therefore a liquid medium was
preferred. Ca and boric acid are then essential, omission causing protein leakage
and bursting of grains, respectively,

The results obtained with the medium described in this paper quantitatively agree
with those from in vivo experiments. Although tube growth ceases readily ir witro
for unknown reasons, the percentage germination can be looked upon as a measure
of germination ability.

This germination method enabled for a frequent observation of the daily variarion
in vitality of fresh pollen and thus revealed another cause of the irregular germina-
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tion of Compositae pollen. The apparent fluctuating vitality of fresh pollen origi-
nates from the conditions prevailing during dehiscence. High relative humidity and
high temperature at anthesis have a detrimental effect on pollen viability, causing
the pollen to loose its ability to germinate within a few hours.

This rapid decrease in vitality suggests a rapid activation of the metabolic system.
It is interesting, therefore, to compare the metabolic activity of these short-living
trinucleate Compositae pollen with that of longer living pollen of other plant fa-
milies (HoEkSTRA and BruiNsms, 1975).

Also under storage conditions high relative humidities and temperatures are detri-
mental. However, Compositae pollen sampled and tested under the optimal circum-
stances, described in this paper, can be successfully stored under dry and cold condi-
tions.
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Abstract

The respiration znd vitality of ungerminated bi- and trinucieate
pollen were studied in order to determine the influence of relative
humidity and temperature on metabolic activity. The gas ex-
change, germination capacity and staining with tetrazolium
bromide were followed under standardized conditions.

A constant respiration rate occurred under conditions of high
relative humidity (9797). Per mg pollen, the trinucleate grains of
Compositae and Graminege respired 2 to 3 times as intense as 6
species of binucleate grains. Per unit of pollen protein the
differences were even larger. In contrast to binucleate pollen,
the longevity of trinucleate pollen was very short and the ability
to germinate was lost twice as fast as the respiration capacity.
This limits the use of tetrazolium bromide as an indicator of
viability.

At reduced relaztive humidities respiration was strongly
restricted, but the longevity of bi- and trinucleate pollen con-
siderably increased,

Pollen of Gramineae, however, was very sensitive to changes
in relative humidity; short exposure to low relative humidity
decreased both the vitality and the capacity to respire.

Introdaction

Pollen of angiosperms is bi- or trinucleate at the time of
dehiscence. Binucleate grains contain one generative and
one vegetative nucleus; the geperative one undergoes a
second rnitosis during pollen tube growth, The trinucleate
type, on the contrary, contains one vegetative and two
generative nuclei, the second mitosis occurring already
prior to anthesis.

Brewbaker (1957) investigated 199 plant families, 130
of which turned out to have binucleate pollen and 48
trinucleate pollen; in 21 families both types were found, A
connection was established between several physiclogical
properties and the number of nuclei of the pollen grain
{Brewbaker 1959). Germination in vifre of the trinucleate
type was difficult and irregular, very short pollen tubes

being formed. High amounts of sugar had to be applied in
the germination medium to prevent bursting of the grains,
which retained their viability during a very short period
only. As far as incompatibility is concerned, the site of
inhibition turned out to be linked with the number of nuclei,
genera with trinucleate pollen generally showing inhibition
of tube growth at the stigma. Binucleate pollen, on the
contrary, germinated readily and produced long tubes in
media containing low sugar concentrations. The pollen
could easily be stored without loss in vitality. The incom-
patibility is gametophytically determined with the site of
inhibition in the style,

An earlier study on trinucleate pollen of Compositae
revealed a relation between decrease of vitality and increase
of temperature (Hoekstra and Bruinsma 1975). In addition,
vitality was seriously affected when high relative humidities
were applied at anthesis. The two factors turned out to
cause the strong daily fluctuations in germination ability,
The rapid loss in vitality of this trinucleate pollen suggests
an easy activation of the metabolic system before the onset
of germination. In order to investigate this, the respiratory
behaviour of bi- and trinucleate pollen grains was analysed
in connection with their capacity to germinate and their
staining with tetrazclium bromide as a marker of vitality.

Materials and Methods
Polien collection, staining, and germination

Pollen was collected from freshly opened flowers grown
in climate chambers at 23°C, low relative humidity (RH),
50-60%, and an air flow of at least 0.3 m/s. The pollen was
dried over NaOH pellets prior to storage at —20°C.

The percentage of viable pollen was examined by adding
1 mg/ml MTT (=3,(4,5-dimethylthiazolyl-2)2,5-diphenyl-
monotetrazolinm bromide) to the germination medium,
This vital stain reacts with dehydrogenasés, the formazan
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complex produced colouring the grains. After 1 h at 26°C
the percentage of stained grains was microscopically
determined.

Germination in vitro was preceded by equilibrating the
pollen in humid air (RH=100%) for 30 min at 30°C,
The medium consisted of 148 ug/ml Ca{OH),, adjusted with
concentrated H;PO, to pH 6.8, 100 xg/ml HyBO,, and
sucroae concentrations varying from 0.94 M to 1.32 M for
the following Compositae: Aster tripolium L., Calendula
officinalis L., Chrysanthemum cinerarigefolium Vis., Chrys-
anthemum segetum L., Cosmos bipinnatus Cav., Helenium
autumnale L., Helichrysum bracteatum Willd., Innia
squarrosa L., Senecio jacobaea L., Tanacetum vuigare L.,
and Tussilago farfara L, Pollen of Gramineae was not
germinated in vitro. For 6 species with binucleate grains
the following medium was used: 300 gg/fml Ca(NOj),-
4H,0, 20 pgg/ml H,BO; and 0.53 M sucrose for Corvius
avellana L., 0.30 M for Nicotiana alata Lk. et Otto and
Lycopersicon peruvianum Mill., 0.20 M for Typha latifolia
L., and 0.15 M for Impatiens balsamina L. and Narcissus
poeticus L.

Pollen was germinated by incubating 0.5 mg in 150 ul
medium on a slide under humid conditions at 30°C. Tri-
nucleate pollen germinated in about 10 min, binucleate
pollen in up to 2 h. After staining with aniline blue, the
grains were examined under an ultraviolet microscope
(Linskens and Esser 1957).

For the control of tube growth in vive, styles of cut
flowers were pollinated at 30°C. After 2 h in the case of
Compositae flowers, and the next day in the case of lowers
with binucleate pollen, the styles were excised and macer-
ated in 1 ¥ NaOH prior to staining in aniline blue and
squashing.

Measurement of respiration

The respiratory activity was analysed with samples of
5 mg pollen, incubated in 6.0 ml vessels type ne. K749000,
Kontes Glass Cy., Vineland, N.J.,, US.A,, fitted with
Microflex valves no. K749100 to avoid gas leakage. This
amount of polien did not inhibit its own respiration by
accurnulation of CO,, The pollen sample was placed on a
filter paper disk, 10 mm diameter. A high relative humidity
of 97 %; was maintained with 0.2 ml glycerol : water = 15:85
(w/w) on a rolled 3 x 5 cm filter paper.

CQO;, 0, and N, concentrations in the flasks were deter-
mined with & F&M Dual model 700-00 gas chromatograph
at 105°C, using a katharometer detector at 135°C. One
stainless steel column, 120 ¢cm, 4 indiameter, was packed with
silicagel 3060 mesh, the other, 200 cm, } in diameter, with
Becker Molecular Sieve 5A 45-60 mesh. Sample size was
60 ul, flow rate 28 ml/min with helium as catrier. Retention
times for €O, O, and N; were 60, 160 and 240 s, respec-
tively. According to Leijten (1967), a linear relation was es-
tablished between the amount of a component and the peak
area.
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Protein content was determined after Lowry ef al, (1951},
using samples of 15 me pollen, extracted with 2 ml 3%
WNaCl in a Potter glass homoegenizer at 0°C. To avoid
interference from phenolic compounds, the protein from
100 pl extract was precipitated with 0.9 ml 105 trichloro-
acetic acid and dissolved in 0.3 ml 1 ¥ NaOH.

Results
(A) Respivation and vitality ai 97 %, relative humidity

Although variations in incubation temperatures were
limited within 0.5°C, a reduced humidity of 979 had to be
applied to avoid condensation of water on the pollen sur-
face, At six different temperatures, respiration was followed
simultaneously with germination as a measure of vitality.
Figure 1 represents the CO, production and the decrease in
vitality of the trinucleate pollen of Aster tripolium and of the
binucleate pollen of Corplus avellana. The oxygen uptake
usually matched the CO; production, the RQ values being
mostly about 1.0 (Table 1). CO; production and O; uptake
occurred at initially constant rates. The respiration of
binucleate Corylus pollen was much lower than that of
trinucleate Aster pollen at all temperatures, and its longevity
much more pronounced, except at temperatures over 26°C
(Figure 1).

According to its germination capacity, Aster pollen lost
its vitality about twice as fast as its capacity to respire. The
germination capacity of Aster pollen was also measured
jn vive, with similar results. This rapid loss in viability of
still normally respiring pollen grains was found to occur in
all Compositze tested (Table 1}, Dehydration of pollen which
had just lost its vitality preserved its metabolic activity.
For example, Cosmos bipinnatus pollen, normally respiring
for 7 h at a rate of 0.48 pmol CO»/mg x hat30°Cand RH =
97%, when desiccated after 1.5 h under these conditions
over NaOH pelleis at 5°C, showed upen reincubation a
reduced constant respiration rate of 0.20 gmol/mg x h
during 5 h, without practically any germination. Prelimi-
nary incubation for 3 h, however, completely destroyed the
respiration capacity of the reincubated material.

Staining with tetrazolium bromide (MTT) gave the
highest percentage of formazan-coloured grains and the
most intensive colour during the linear part of the respir-
ation curves. As might be expected, no more formazan
complex was formed as soon as the CO, production came to
an end. Because most pollen samples lost their vitality
much faster than their capacity to respire (Table 1), MTT
obviously is not always suitable as a vital stain for pollen.
However, a polien sample consists of grains from many
flowers. Stainmg with MTT enables to discern the per-
centage of pollen in the sample responsible for the CO,
production, a linear correlation being found between the
respiration rate and the percentage of stained grains
(Figure 2). In this way, the MTT-staining allowed for a
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Figure 1. Respiration of trinacleate Aster and binucleate Corylus pollen at 97 %, relative humidity and at different temperatures, and the
vitality of this pollen as determined by germination of samples ar 30°C in vitro at intervals during the experimenys. Single determinations.

Figure 2. Correlation between rate of CO; production and percentage of MTT-stained poilen grains, Results of samples from different

collections. Single determinations.

Table 1. Respiration and longevity of pollen species ar 30°C and relative humidity = 97%.

CO,, pmol
Duration Interval until
per h x mg per h x mg until cease of 50% of initial
Species pollen protein RQ respiration, h germination, h

Binucleate

Corplus vvellana 0.11 1.0 0.73 >40 5.0
Impatiens balsamina 0.10 — — =30 24.0
Narcissus poeticus 0.10 0.5 095 =50 350
Nicotiana alate 0.14 0.8 1.07 30 15.5
Lycopersicon peravianum 0.14 1.1 098 40 —
Typha larifolia Q.12 — 1.00 >24 —
Trinucleate

Aster tripolium 0.37 4.0 0.87 13.5 3.7
Calendula officinalis 0.61 — 1.00 4.5 —_
Chrysanthemum segetim 229 -— 0.95 4.5 —_

C, cinerariacfolium 0.34 5.3 1402 13.0 2.3
Casmos bipinnatus 048 — 0.95 7.0 22
Helenium autumnale 0.35 -— 1.59 5.5 —
Helichrysim bracteatum Q.31 — 1.04 5.5 1.7
Inuig squarrosa 0.36 —_ 1.01 9.0 22
Senecio jacobaea 0.31 — 1.35 7.5 —
Tanacetum vulgare 0.41 — — 4.0 —
Tussilago farfara .42 4.9 1.10 1.5 22
Triticurm sp, 032 4.9 1.33 38 -

correction for the percentage of non-viable pollen grains in
the samples,

No correlation could be found between the respiratory
activity of different pollen samples of one species and their
protein content, Storage at low temperature did not affect
the protein content, while only a slight decrease could be

observed during incubation in humid air. Because only the
MTT-stained grains contribute to the CO; production,
measurements of respiratory activity per unit of pollen
protein were also corrected according to the percentage
MTT-staining of the grains,

Figure 3 shows the effect of temperature on the respiration
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Figure 3. Respiration rates of trinucieate Aster and Chrysanthe-

muim pollen and binucleate Corylus and Nicotiana pollen at different
temperatures at 97 % relative humidiry. Triplicate determinations.

10 KL

rates of bi- and trinucleate pollen. At about 35°C, the rates
of CO, production were less than could be expected accord-
ibg to the Q,, values, Therefore, 30°C is a more favourable
temperature to compare respiration and viability of the
two types of pollen. In Table 1 the rates of CO, production
of 6 species with binucleate pollen and of 11 species with
trinucleate pollen are compared. The respiration of trinuc-
leate pollen was always higher than that of binucleate
pollen, per mg pollen about three times as large on an
average. Per unit of pollen protein the difference becamne
more accentuated,

(B) Influence of relative humidity on respivation and vitality

Polien respiration requires a high relative humidity. As
can be seen in Figure 4, the respiratory activity considerably
decreased at reduced RH, no evolution of CO; could be
detected at RH = 779%. On the contrary, the vitality was
much longer maintained at reduced humidities, particu-
jarly at the lower temperature. Apparently respiratory
activity and decrease in vitality are closely linked.
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Figure 5. Effect of predrying for 30 min on Triticum pollen res-
piration at 30°C and 97 % velative humidity. Single determinations,

Storage of Gramineae pollen, particularly, is known to be
difficult. Freezing procedures cannot be applied because of
the high water content of the fresh pollen, while preliminary
drying also terminates the germination ability.

The respiratory behaviour of Triricum pollen was tested
by incubating one part of a freshly collected sample directly
at 30°C and RH = 97%, the other part being kept under
laboratory conditions (20°C and RH = 50%;) for 30 min
prior to incubation. Figure 5 shows the respiratory behav-
iour of both samples, of which high percentages of MTT-
stained grains were obtained. Within 2 h of incubation,
however, the predried pollen no lenger stained with MTT,
Drying of Gramineae pollen, therefore, has not only a
detrimental effect on vitality, but also affects the respiratory
system.

Discussion

Drickinson (1965, 19565, 1967, 1968}, and Davies and
Dickinson {1971) described the respiratery behaviour of
the binucleate Liliwm pollen during germination ir vitre,
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Figure 4. Respiration rates arnd longevity of tri Chrysanth (CHRY} and binucleate Nicotiana (NIC) pollen at different

relative humidities. Longevity is expressed in hours until 5094 of initial germination (Gso). Triplicate determinations.

28




but the respiration of **dry"” pollen has not been studied
until now. Knowlten’s data (1922), concerning storage,
suggest that it might be interesting to measure the respir-
atory activity of trinucleate pollen.

Accelerated respiration can be obtained by incubating
pollen under conditions of high relative humidity. The
water vapour will be rapidly taken up and subsequently the
metabolic activity starts. Respiration, however, involves
a decrease in vitality, short-living pollen having a high rate
of respiration as compared with longer living pollen. Both
types correspond with the tri- and binucleate nature of the
grains, respectively.

The respiration of pellen in humid air did net follow the
three-phase pattern of germinating lily pollen as described
by Dickinson. Conversion of his data for lily pollen into
umol/mg x h, allowing a comparison, shows that the
respiration rate in the germination medium corresponds
with the respiration rate of Compositae pollen in humid
air. Tt might have been of interest to compare these data with
those from germinating Compositae pollen. Unfortunately,
however, no reasonable measurements of the respiratory
activity could be obtained, tube growth ceased within 10
min after emergence. The formed protrusions were real
pollen tubes, staining with aniline blue revealed callose
under the UV microscope.

As a measure of vitality, staining with tetrazolinm
bromide (MTT) is of limited value only because it involves
the activity of respiratory enzyme. Since the capacity to
germinate decreases much faster than that to respire,
particularly with trinucleate pollen, staining can still be
obtained with grains that lost their germination ability
already.

Under natural conditions, respiratory activity and deteri-
oration of vitality can easily occur. Pollen samples from
different origins showed different germination percentages
and durations of respiration, indeed. Generally, pollen
with a reduced permination produced less carbon dioxide
during a shorter period of time.

Data concerning the respiratory activity per unit of pollen
protein have to be considered with reservation because the
Lowry method fails to discriminate between enzymes and
structural proteins. Measurements on isolated mito-
chondria might allow for safer interpretations. However,
on a basis of protein content the respiratory data were
even more uniform than expressed per unit of pollen weight,

POLLEN RESPIRATION AND VITALITY

accentvating the metabolic difference between bi- and
trinucleate pollen,

Pollen looses its vitality proportionally to temperature,
which apain demonstrates that respiration is related to the
processes leading to the functional death of the grain.
Reducing the relative humidity, however, which strongly
reduces respiration, does not simply remove the decrease
in vitality. In Gramineae pollen, particularly, reduced
humidity itself is very detrimental to the vitality of the pollen.

The present study is a first attempt to analyse the re-
lations between external conditions, metabolic activity, and
longevity of bi- and trinucieate pollen. Tentatively, because
of their rapid activation and decline, trinucleate pollen,
in which the generative nucleus has divided already, can
be looked upon as a less dormant dispersal organ than the
siower developing binucleate grain.

The authors are very grateful to Ir. G, Sauer for allowing
the experimental part of this work to be performed in his labor-
atory and for his stimulating interest and advice.
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Abstract. Bi- and trinucleate pollen generally differ
in the extent of their mitochondrial development at
anther dehiscence and in the rate of their attainment
of maximum-phosphorylative capacity during germi-
nation in vitro, as judged from experiments with rep-
resentatives of both groups.

The typically trinucleate pollen of Aster tripolium
L. immediately respired at a high rate, maintaining
a high energy charge. Mitochondria attained maxi-
mum electron-transducing capacity within 2 min of
incubation, while tube growth started within 3 min.
In contrast, the binucleate pollen of Typha latifolia
L. only gradually reached a relatively low rate of
respiration, concomitant with a temporary decrease
in energy charge, upen immersion in the germination
medium. Development of the mitochondrial, electron-
transducing system occurred in about 75 min, after
which the first pollen tubes emerged. Starting from
a poor differentiation, mitochondria became increas-
ingly normal in appearance as germination proceeded.

The binucleate pollen of Nicotiana alata Link el
Otto and Tradescantia paludosa Anders. et Woods.
showed intermediate characteristics: Nicotiana resem-
bled Typha but mitochondria developed at a higher
rate; Tradesconria germinated more rapidly and re-
sembled the trinucleate pollen of Asrer.

Inhibitors of mitochondrial or cytoplasmic
protein synthesis failed to affect the development of

Abbreviations: BSA = bovine serum albumine: CAP = D(-)
threo chloramphenicol; CHI=cycloheximide; DNP=2-4 dini-
trophenol; EBr = ethidium bromide ; EC = enerpy charge: EGTA
= ethyleneglycol-bis (2-aminoethy] ether) N,N'-tetra-acetic acid.
EM = electron micrescope; ETC = electron transfer chain;
HEPES = N-2-hydroxysthyl piperazine N'-2-ethane sulfonic acid;
LSD = least significant difference; PYP = polyvinyl pyrrolidone:
RCR = respiratory control ratic; RH = relative humidity; TCA
= tricarboxylic acid; TES = N-ins (hydroxymethyl) methyl-2-
aminoethane suifonic acid; URCI = uncoupler respiratory conirol
index (Hunter et al., 1976)

the mitochondrial, respiratory capacities during pol-
len germination. It is concluded that the duration
of the lag period is determined by the level and rate
of mitochondrial development and not by the division
of the generative cell.

Key words: Cytochromes - Energy charge — Germi-
nation (pollen) — Mitochondrial development -
Pollen - Protein synthesis.

Introduction

Brewbaker (1957, 1959, 1967) extensively surveyed
the occurrence of bi- and trinucieate pollen species
among plant families. Seventy percent were found
to shed their poiien in the binucieate stage and the
rest in the trinucleate stage, except some families in
which both types occur. Trinucleate species were en-
countered exclusively in phylogenetically-recent plant
families (Brewbaker, 1957; Pandey, 1960).

This type, in which the generative cell has already
divided prior to dehiscence, is generally characterized
by a4 syndrome of physiological phenomena. In con-
trast to binucleate pollen, trinucleate are difficult to
germinate in vitro. They often require water-restrict-
ing conditions (Bar-Shalom and Mattsson, 1977) or
high concentrations of sucrose, and develop only
short tubes. Vitality is easily lost, even in conditions
routinely used for storage. In vive, they germinate
mostly on “dry” stigmas without exudate (Heslop-
Harrison and Shivanna, 1977). In incompatibility
reactions, trinucleate pollen is generally rejected on
the stigma. The genetic basis of the incompatibility
system is either sporophytic, or gametophytic based
on a complex, S-gene system, as in Gramineae
(Lundgvist, 1975). Whereas the incompatibility of
the binucleate species is always gametophytically de-
termined.
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Trinucleate pollen of Compositae is found to loose
its vitality in about 3 h upon incubation in an atmo-
sphere of 97% RH at 30° C (Hoekstra and Bruinsma,
1975a). This rapid loss of vitality is accompanied
by a respiratory activity 2 to 3 times higher than that
of six species of binucleate grains (Hockstra and
Bruinsma, 1975b).

In the present investigation, in order to clarify
the nature of this difference, mitochondria from bi-
and trinucleate pollen were isolated and character-
ized, and their development during germination in
vitra was followed.

Materials and Methods

Pollen Sources, Coltection, Storage, Pretreatments,
and Germination in Vitro

Four plant species were selected for their widely-differing rates
of pollen respiration in humid conditions (Hoekstra and Bruinsma,
1975b}: the binucleate species Typha latifolia L., Nicotiana aluta
Link et Otte, and Tradescantio paludosa Anderson et Woadson,
and the typically trinucleate species Aster tripohivom L.

Pollen was collected at anther dehiscence, desiccated over
NaOH pellets at 4° C to 5-10% H,0 and stored at —20° C until
use.

Prior to germination in vitre, pollen was washed three times
with diethyl ether, dried by evaporation, and incubated in an atmo-
sphere of 97% KRH for 12 h at 4° C. This washing procedure en-
banced germination and tube growth (lwanami and Nakamura,
1972; Iwanami, 1973}, and micrebial contamination of the pollen
was strongly reduced. The ether washings did not affect the respira-
tory capacities of the mitechondria from these pollen species.

Germination in vitro was performed by suspending about
500 mg of pollen in 25 ml of the liquid medium. The wide-necked
Erlenmeyer flasks were vigorously shaken at 24° C. The composi-
tion of the medium was, for Typha: 0.2 M sucrose, salts according
to Brewbaker and Kwack (1963), and 1.6 mM H,BO,; for ¥icoria-
wa: 0.3 M sucrose, 0.3 mM Ca(NO,), 4H,0 and 9.5 mM H,BQ,;
for Tradescantia: 0.15 M sucrose, 2.1 mM Ca(NO;);-4 H,0, and
[.6mM H,BO,; and for Aster: 1.0M sucrose, 2.1 mM
Ca(NO,);-4 H,0, and 1.6 mM H;BO,. Tube emergence and
growth were examined by light microscopy. Oniy highly-viable
pollen samples were used for the isolation of mitochondria.

Freparation of Mischondria

Germinating pollen (500 mg) was ¢oliected on mullipore filters and
homogenized in a Teflon-glass, Polter homogenizer in 10 mi of
extraction buffer. Non-germinated contrels were presoaked in the
cold germination medium (4° C) for 2 min prior 1o collection and
hiomogenization. The extraction medium consisted of 0.3%% (w/v)
fatty acid-poor BSA in 10 mM TES-KOH, pH 7.2, and was sup-
plemented with 0.3 M mannitel, 0.4 M manoitol, 0.3 M su-
crose + 0.3 M mannitol, and {.0M mannitol+02M su-
crose + 10 mM cysteine + 0.5% (wfv) PVP-insoluble, for pollen of
Typha. Nicoviane, Tradescantizc and Aster, respectively. Finally
EGTA, previcusly neutralized with KOH to pH 7.2, was added
to each medium to a concentration of 1 mM.

The homogenate was immediately clarified by successive filter-
ings ihrough a 37 ym pore-size nylon and 12 and 8 ym pore-size
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millipore Milters. The filtrate was centrifuged at 1,500 g for 10 min.
The supernatant was further centrifuged at 35,000 g for 2 min,
with the exception of the Aster mitochondria, with which centrifu-
gation was extended to 10 min to compensate for the higher viscos-
iy and density ol the isolation medium. The supernatant was
removed by suction, and the pellet resuspended in a few drops
of the grinding medium without cysteine and PYP. No further
washings were performed. All steps were carried out at 0-4°C

Respiration Measurements

Mitochondrial O, consumption was measured polarographically
with a Clark-type O; electrode (Yellow Springs Instrument Comp.,
Yellow Springs, Ohio, USA) insérted in a 3 ml glass, reaction
chamber with continuous magnetic stirring at 24° C. Aliquots of
the mitochondrial fraction were mixed with the reaction medium
consisting of 0.1% (w/v) BSA, 10 mM TES-KOH, pH 7.2, 5 mM
KH,PO,, and 5 mM MgCl, as the basal medium, supplemented
with 0.5 M, 0.5 M, 0.7 M, and 1.0 M mannitol in case of Typha,
Nicotiana, Tradescaniia, and Aster, respectively. As for the isola-
tion, 1 mM of neutralized EGTA was finally added to each me-
dium. Respiratory rates were calcelated from a recorder trace on
the basis of 241 yM O, in the aerated medium at 24° C. The
rates were expressed as nmol O, taken up per min by mitechondria,
which were isolated from 100 mg of dry pollen. The ADP/O ratio
was calculated as the quotient of the amount of ADP added to
the reaction medium and the extra (O, uptake which resulted from
this addition (Lehninger, 1970). The respiratory control ratio (RCR
= ratie of respiration state 3: respiration state 4) was calculated
according to Chance and Williams (1956). Respiratory substrates
and inhibitors, from Sigma Chemical Comp., St Louis, Mo., USA,
were injecied into the reaction chamber through a st in the Clark
probe, to a finai concentration of ! mM for NADH, and 10 mM
for succinate, pyruvate, malate, and x-ketoglutarate. Oligomycin,
antimycin A, and DNP were administered in acetone solutions
to give a final concentration of 5pg ml™ ', 5uM, and 0.1-0.5 mM,
respectively. The acetone ¢oncentration in the mitochondrial sus-
pension was kept below 2%/,, to avoid any side effecis.

0, censumption of intact pollen, incubated in the germination
medium, was determined with the same electrode at 24° C. Aliquots
of germinating pollen, 20 mg ml™ ', were transferred to the 3 ml
reaction cell and diluted four times with fresh medium.

Exiraction and Assay of Adenylate Phosphates

Fifty mg of pollen, incubated on a 2x4em nylon' cloth, with
a pore diameter of 37 pm, was quantitatively transferred into 15 ml
of 0.3 M ice-cotd HCIO, and extracted for 45 min at 4° C with
magnetic stirring, Homogenization did not improve the yield of
adenylate phosphates and was, therefore, emitied. The pollen incu-
bated in the germination medium was mixed with a more concen-
trated HCI1O, solution to attain the same final molarity of 0.3 M.
The acid-precipitable material was centrifuged at 5,000 g for 10 min
and 1G ml of the supernatant was neutralized with 10 M KOH
and 0.5 M HEPES to a final buffer concentration of 20 mM at
pH 7.6, After standing in the cold for 15 min, the KCIO, was
remeved by centrifugation. The two separate centrifugations were
necessary Lo avoid recovery of enzymatic activity upoen neutraliza-
tion, which has resulied in considerable losses of ATP (Davison
and Fynn, 1974 ; Swedes et al., 1975). After diluting the neutralized
extracts 100 to 200 times with a buffer containing 20 mM MgSO,
and 20 mM HEPES, pH 7.6, ATP was assayed by an adapted
luciferase reaction, usinga Nuclear Chicago Mark I liquid scintilla-
tion spectrometer with the instrument setling as indicated by Van
Dyke (1974).
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Thirty pt of a concentrated firefly luciferin-luciferase extract
(Boehringer, Mannheim), which was continuously kept on 1¢¢, was
injected into a scintillatior vial containing 0.5 ml of the diluted
extract and thoroughly mixed. Exactly 10s after injection, the
bioluminescence was measered for 6 s at 18° C. (ATP+ADP), and
(ATP+ADP+ AMP) were determined similacly after enzymatic
conversion of ADP and AMP into ATP (Pradet, 1967; Ching
and Ching, 1972). ADP and AMP were determined by difference.
The recovery of pure adenylate phosphates throughout the entire
extraction procedure ranped from 97-108% for ATP. 99-103%
for ADP, and 93-100% for AMP. These resulis were .in
accordance with those obtained by Swedes et al., (19753). Re-
peated quenching and rapid decay in the activity of the crude
enzyme preparation necessitaled internal standardization. After
S1. John (1970), samples with and without an internal standard
were alternately counted. In each extract, the ATP, (ATP +ADP).
and (ATP+ADP +AMP), were assayed 5 times. (The standard
error of the mean refers to wriplicawe extractions.) From these
values, the adenylate energy charge, defined as EC = {{ATP)+
(ATP+ADP)}: 2 (ATP+ADP+AMP), (Alkinson, 1968) was
calculated. The standard error of the mean for the EC was
calculated using the appropriate methods of the propagation o
errors, and ranged from 0.03 to 0.04 EC units.

Cytochrome Spectra

Measurement of cytochrames in pollen grains was performed by
determining the difference spectra of homogenates at the tempera-
ture of liquid N;. Two g of non-germinated pollen were suspended
ir 20ml of the germination mediun immediately frozen and
completely disrupted in a precooled X-press cell desimtegrator
(LK B); the homogenate was clarified by centrifugation at 100 g for
5 min. Homogenates from germinated pollen were obtained in
the same way from pollen suspensions concentrated by filtration
1> the same density ; the filtrate did not contain significant amounts
of cytochromes.

One part of the homogenaie was reduced by the addition
of dry Na,8;0,, the other part was oxidized with 30% H,0,;
the germination medium was treated similarly as a blank. Oxidized
and reduced samples were placed in a 1.5 mm light-path, plexiglass
cuvette and cooled in liquid N, duning the scanning of the spec-
trum. Spectra were recorded with a specially designed, single-beam
spectrophotometer, which was connected with a Laben multichan-
nel analyzer by using a fixed-slit width, corresponding with a band
width of 6 nm, and an E-Prom photomuliiplier tube-mediated,
base-line correction (Jupijn and Desmet, 1979). The device was
equipped with an end-on PM tube to minimize the effects of light
scattering. Calculations of reduced minus oxidized difference
spectra were made with a Digital PDP 11 computer after appropri-
ate subtraction of a blank difference spectrum.

Cytochromes of mitochandria, isolated from germinated pol-
len, were identified according to Hacketr (1964) at the temperature
of liquid N,. The absorbancy of cytochromes » and ¢ was measured
from the tangent-line, connecting points of the spectrum at about
540 and 570 nm ; thal of cytochrome ae, from the line, connecting
points of the spectrum at 580 and 610 nm. Quantities of cyto-
chrames were roughly estimated on the basis of the molar-extinction
coeflicients given by Chance and Williams (1956), and corrected
for the about 7 times intensification of absorption peaks at 77°K
(Lance and Bonner, 1968; Dizengremel, 1975).

Cytachrome ¢ Oxidase Activity

The activity of cytechrome ¢ oxidase (EC 1.9.3.1) was measured
spectrophotometrically with an appropriate amount of mitochon-
dria diluted in 2ml of 0.01 M phosphate buffer, pH 7.2, and

reduced cytochrome ¢ (Boehringer, Mannheim} to a final concen-
tration of about 45 pM. Facultatively, 0.5 M mannito! was added
to the phosphate buffer to maintain a high osmolarity, The oxida-
tion of reduced cytochrome ¢ was followed for 5min using a2
Hitachi Perkin-Elmer Model 356 duat wavelength specirophoto-
meter at 550 nm with the reference beam at 340 nm (Wilson and
Bonner. 1971). Finally, the optical density of the oxidized cyto-
chrome ¢ was determined by adding a small drop of saturated
K3Fe{CN); solution. Acuvities were calculated from the absorb-
ance changes as the first-order, rate-constant ks~ ! per mitochon-
dria isolated from | g pollen for the 2 ml reaction mixture.

Elecrron Microscepy

fsolated mitochandria were fixed with neutralized glutaraldehyde,
pH 7.2, at the final concentration of 2% {v/v) in 10 ml of grinding
buffer, without cysteine and PVP. After 60 min at 4° C, mitechon-
dria were pelleted at 12,000 g for 10 min and the pellet mixed,
either with a drop of warm 3% (w/v) apar or with 4 ml of 0.1 M
phosphate buifer, pH 7.2. With the latter, an additional high-speed
centrifugation at 160,000 g for 60 min was performed, to obtain
a dense pellet. After several cycles of washing in the 0.1 M phos-
phate buffer, pH 7.2, the pellet or agar was postfixed in a 0.75%
(w/v) KMnO, solution in the same buffer for 40 min at 0°C.
Fixed material was washed, dehydrated in ethanol and propylene
oxide, embedded in Epon-812 {Luft, 1961), sectioned, stained with
lead citrale (Reynolds, 1962), and examined in a Philips 300 elec-
1oN Microscope.

Results
Account of the Isolation Method

Since the first intact plant mitochondria, showing
respiratory controf, were isolated (Bonner and Voss,
1961), many different isolation media have been de-
scribed (e.g. Hanson and Hodges, 1967). Combina-
tions were selected for the isolation of pollen mito-
chondria. Although final prescriptions for isolation
are given in Materials and Methods, we would like
to emphasize the improvements made during our
studies. Apart from the beneficial effect of fatty acid-
poor BSA (Hanson and Hodges, 1967}, respiratory
control was enhanced by the rapid filtering done
through millipore filters, which resulted in a rapid
separation of cell debris from the mitochondrial sus-
pension, as proposed earlier by Palmer (1967) and
Sarkissian and Srivastava (1968). Repeated washing
of mitochondria did not significantly improve the re-
sults and was, therefore, omitted. Except in the case
of Aster, insoluble PVP and cysteine were also left
out, since they gave no beneficial effects. The replace-
ment of EDTA with EGTA, that selectively chelates
Ca with a high stability coefficient (Marhol and
Cheng, 1970), was an important improvement. It in-
creased the RCR by about 30% with NADH as the
substrate. However, the interpretation of the results
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