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Abstract

Pinus taeda L. (loblolly pine), a commercial timber three of the Southeastern United States,
provides a major component of the region’s forest resources. We cultured loblolly ovules
for in vitro fertilization. This procedure was assisted by quantifying time-dependent
alterations of in situ ovular RNA, DNA and total protein (Jan-Aug, 1985) contents for
ovules (yr 2 of reproductive cycle). Cold-hot, TCA extracted macromolecules were
quantified by colorimetry and UV spectroscopy. Total protein was about 0.4 pug per 100
ovules x 10* (Jan-Apr) and except for July increased to 3.6 pg per 100 ovules x 10* by
August. In contrast, RNA “dropped” from 3 to about 1 pg per 100 ovules x 102 (Jan-Mar)
and then rose to 7 pg per 100 ovules x 10? by July. The DNA climbed from about 1 to
above 8 pg per 100 ovules x 10? (Jan-Mar) and then plummeted to 1 pg per 100 ovules
x 10* (Apr-June). The observed alterations may reflect ovule morphogenesis.
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INTRODUCTION

Fertilization of the egg cell in loblolly pine does not occur until nearly 15
months after pollination (March et al. 1987). As this is a critical process in the
reproductive development of the species, this study was initiated to attempt in
vitro fertilization of pine ovules.

We have attempted to cytologically define the stages of loblolly pine ovule
morphogenesis including the timing (March et al. 1985, 1987) as well as
develop methods for maintaining ovules in culture (Zdruikovskaja-Rikh-
ter 1983, Mariam et al. 1987, 1988) with the intent of achieving in vitro
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fertilization. Related to this is that clonal production of plantlets from seed
embryos is fairly routine (Mott and Anderson 1981). Thus, a biochemical
analysis of monthly alterations in ovular macromolecule contents in relation to
the cytological definition may be beneficial in establishing ovule cultures by
providing in situ comparative data (Mariam et al. 1987). Here are reported
monthly changes in RNA, DNA and total protein for ovules freshly-excised
from loblolly pine trees.

MATERIALS AND METHODS

COLLECTION OF OVULES

Pinus taeda L. conelets were collected monthly from January, 1985 to
August, 1985 from a Georgia Forestry Commission Seed Orchard (Pulaski
County, Georgia), Once collected, the conelets were returned to the laborato-
ry where ovules were excised within a sterile transfer hood (Mariam et al.
1987).
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Fig. 1. Flow chart for the preparation of ovular total protein. Adapted from Holleman and Key
(1967)
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PREPARATION AND QUANTIFICATION OF OVULAR NUCLEIC ACIDS AND PROTEINS

Preparation. Freshly-excised ovules were homogenized within a mortar and
pestle on ice into a medium consisting of 250 mM sucrose, 3 mM EDTA and
25 mM Tris, pH 7.2 (Danley et al. 1981). The ratio of homogenization buffer
to weight of the ovules was 4 cm3: 1 g. The homogenate was “pulled through”
a single layer of Miracloth (Calbiochem, LaJolla, California). To precipitate
both the proteins and nucleic acids within the filtrate, the latter was subjected
to trichloroacetic acid (TCA) precipitation procedures (Figs. 1 and 2). Whereas
the procedure in Fig. 1 yielded protein, the protocol in Fig. 2 was employed to
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Fig. 2. Flow chart for the preparation of ovular nucleic acids. Adapted from Schneider (1957)
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obtain both RNA and DNA (Schneider 1957, Dashek 1981). To estimate
recoveries, known amounts of protein as well as DNA and RNA were
processed through these procedures.

Quantification. Ovular proteins resulting from the TCA precipitation
procedures were resuspended in 0.15 M NaCl and quantified by both
UV-spctroscopy at 280 nm and colorimetrically with Coomassie blue at 595
nm (Bradford 1976). Bovine-serum albumin (Sigma, St. Louis, Missouri)
was employed to construct a standard curve.

Whereas ovular RNA was quantified by both UV-spectroscopy at 260 nm
and colorimetrically at 660 nm with orcinol (Dische 1962), DNA was assayed
via both UV-spectroscopy at 260 nm and spectrophotometrically at both 595
and 700 nm with diphenylamine and the difference between the two wa-
ve-lengths being recorded (Gyles and Myers 1965). Baker’s yeast RNA (type
XI, Sigma, St. Louis, Missouri) served for standard curve construction. For all
assays, comparisons of absorption spectra of both authentic protein and
nucleic acid standards as well as ovule samples were performed to rule out
possible interference from contaminating substances. When interferring sub-
stances were encountered, ‘“clean-up” procedure such as gel permeation
chromatography were employed.

RESULTS

The results of the time-dependent changes in ovular protein, RNA and
DNA contents assayed by both UV and visible spectroscopy are presented in
Figs. 3, 4 and 5, respectively.
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Fig. 3. Ovular total protein as function of month of ovule collection. Data are means and standard
deviations where N = 3
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Fig. 4. Monthly alterations in ovular RNA contents. Data are means and standard deviations
where N = 3
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Fig. 5. Monthly changes in ovular DNA contents. Data are means and standard deviations where
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The macromolecular contents for freshly-excised yr 2 ovules exhibited an
increase in protein, RNA and DNA from January, 1985 through August, 1985.
Generally, the contents of each macromolecule were low during the winter.
The protein content decreased by about 50% in July ovules as compared to
that of June ovules; but it increased almost six-fold in August ovules (Fig. 3).
The content of ovular RNA underwent a linear rise from March, 1985 through
August, 1985 (Fig. 4). The DNA content of freshly-excised ovules increased by
over a hundred-fold from January, 1985 to March, 1985 and then declined in
April of that year (Fig. 5). It then rose linearly until June. Due to some
interference in the DNA assay mixture, it was not possible to quantify DNA in
either July or August ovules.

DISCUSSION

The elevation in total protein and RNA/DNA during June in fresh-
ly-excised ovules may be related to the occurrence of fertilization and the entry
of the ovules into rapid metabolic activity (March et al. 1985, 1987). In
addition to Pinus taeda, fertilization appears to occur in early-mid June, in
other pines, following overwintering of the female gametophyte (Owens et al.
1981). During this time, either new RNA species may be generated or the
amount of existing RNA could be increased. These alternatives could possibly
be differentiated through quantification of RNA together with the use of 1SN
bases and CsCl, centrifugation of isolated RNAs. To gain insight into which
RNA species the isotope was incorporated, chromatography of phe-
nol:CHCl,:isoamyl alcohol extracted RNA upon oligo-dT cellulose columns
(Mascarenhas and Mermelstein 1981) might be useful.

The market rise in DNA content which occurred during March may be
related to cell division during the end of the coenocytic stage of ovule
development assuming that Pinus taeda’s ovule development is similar to that
of Pinus sylvestris (Willemse and Franssen-Verheijen 1983). Similarly,
the increase in DNA during May may be related to cell division which may
occur within the integuments of the ovule cellular stage (Willemse and
Franssen-Verheijen 1983). As mentioned, the increase in DNA which
occurred in June may be related to fertilization when the ovule could be in the
archegonial stage.

As for the time-dependent enhancement in ovular total protein content, it
would be of interest to determine if there are proteins unique to enhanced
ovular metabolic activities, e.g. esterases, peroxidases and dehydrogenases
have been found to vary with the reproductive stages of plant development.
This could be examined through the employment of starch gel electrophoresis
followed by incubation of the gels with substrates for esterase, peroxidase and
dehydrogenase activities. Perhaps, there are enyzmes which underlie the
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change of an ovule from a dormant one to an active one. It is also possible that
other enzymes could account for the enhancement in total protein and thus
assays for other enyzmes should be employed. The diminution in total protein
content from June to July may indicate that cell division does not rapidly occur
in July.
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Zmiany miesigczne skiadu makromolekul, badane in situ, zalgzkow otrzymanych
z Pinus taeda L.

Streszczenie

Pinus taeda, drzewo z ktorego drewno jest powszechnie uzywane jako budulec w potu-
dniowo-wschodnich stanach USA, stanowi glowny skladnik zasobow leénych tych regionow.
Hodowalismy zalazki Pinus taeda w celu zaplodnienia in vitro. Ta procedura byla pomocna przy
okreslaniu ilosciowym zmiennych w czasie wahan zawartosci RNA, DNA i biatka calkowitego
zalyzkow in situ (styczen-sierpien 1985) (2-letni cykl rozrodezy). Zwiazki te ekstrahowano kwasem
trojchlorooctowym i oznaczano kolorymetrycznie i metoda spektroskopii w UV. Ilosé biatka
catkowitego wyniosta okoto 0,4 ug na 100 zalazkow x 10* (styczen-kwiecien) i, z wyjatkiem lipca,
wzrosta do 3,6 pg na 100 zalazkow x 10* w sierpniu. Natomiast RNA “spad!” z 3 do okolo 1 pg
na 100 zalazkow x 10? (styczen-marzec) i nastepnie jego poziom wzrost do 7 pg na 100 zalazkow
x 10* w lipcu. Zawarto$¢ DNA wzrosta z okoto 1 do ponad 8 pg na 100 zalazkow x 102
(styczen-marzec) i nastgpnie zmniejszyla si¢ do 1 pg na 100 zalazkow x 102 (kwiecien-czerwiec).
Obserwowane wahania badanych makromolekul moga by¢ wynikiem morfogenezy zalazkow.
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