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1. Introduction

The existence of heterogeneous nuclear RNA
(HnRNA) in animal cells is now well documented
{1-3] . Recent reports [4] present evidence for the
occurrence of these molecular species in higher plants
as well. It is firmly established [5] that the majority
of these RNAs has a high turnover and never leaves
the nucleus. Moreover, the possible precursor relation-
ship of HnRNA to polysomal messenger RNA (mRNA)
has been the focus of considerable interest [6,7] in
recent years. The possible sequence similarity of these
molecular species has been investigated mainly by the
use of molecular DNA—RNA hybridization [7, 8] .
However, firm conclusions cannot be drawn from
these studies because of the existence of reiterated
sequences in the DNA of eukaryotic cells [9] .

The aim of the present paper is thus to perform
molecular hybridization experiments on plant DNA
having no reiterated sequences in view of establishing
a possible sequence similarity between HnRNA and
polysomal mRNAs.

2. Methods

Heterogeneous nuclear RNAs were obtained from
lentil roots (Lens culinaris var Ronde Blonde Vilmorin)
following a technique previously described [4]. Only
fractions having a sedimentation constant higher than
35 S were used in this study. They were obtained after
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density gradient centrifugation [8] . **P-labelled poly-
somal mRNAs were isolated using the technique of
Miassod et al. [4] . DNA was extracted from the roots
using the technique of Smith and Halvorson [10] and
purified by hydroxylapatite chromatography [11].
The purified DNA is 100% resistant to alkaline hy-
drolysis. Its hyperchromicity is 34% (in 0.1 X SSC*)
and its modal sedimentation constant is 20.5 S. This
value corresponds to an estimated molecular weight
[12] of 7.5 X 10° daltons. On analytical centrifuga-
tion, two components are detected. One is the “bulk”
DNA (buoyant density 1.698), the other the “satel-
lite” DNA (buoyant density 1.720). Melting profiles
of the lentil DNA give a T,, of 81.4°, which allows the
calculation of a guanine plus cytosine content equal to
45%. Breakage of the purified DNA is effected in a
pressure cell at 45 000 psi. After denaturation at 100°
and incubation at 60° for various intervals of time,
the annealed sequences are isolated by hydroxylapa-
tite chromatography from the non-reassociated DNA
[13] (see fig. 1).

Molecular DNA—RNA hybridizations are effected
following a technique modified from Gillespie and
Spiegelman [14] . Single-stranded non-reiterated DNA,
with a Cor** of 680 and a mean molecular weight of
15 X 10* daltons, is loaded on nitrocellulose mem-
branes (SM 11307 Sartorius filters with a 0.2 u poros-
ity). The use of high salt concentrations (6 X SSC) and
filtration under reduced pressure at low temperature
keep the loss of DNA from the membrane lower than
5%. Either 3?Plabelled or unlabelled HnRNAs and

*SCC: saline sodium citrate.
** A “Cot” equal to 1 results from incubating DNA 1 hrata
conc. of 83 ug/ml [13].
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Fig. 1. Reannealing profile for denatured lentil root DNA. Data are obtained by measurement of binding to hydroxylapatite col-
umns, The DNA, in 0.1 X SSC, was sheared at 45,000 psi, concentrated by lyophilization, and transferred to 0.12 M phosphate
pH 6.8 by passing through Sephadex G-25 equilibrated in the same buffer. The samples were adjusted to suitable concentrations
(10, 100, 222 and 900 ug/m}), sealed in ampoules, boiled for 15 min and incubated for various intervals of time at 60°. Each
sample of DNA (hyperchromicity on melting 34%) was loaded on hydroxylapatite columns (1.5 X 3 ¢m) equilibrated in 0.12 M

sample of DNA (hyperchromicity on melting 34%) was loaded on hydroxylapatite colu uilibrated i
phosphate at 60°. Double-stranded DNA is eluted by increasing molarity to 0.4 M. The extent of reassociation is expressed as the
percentage of double-stranded DNA recovered from the columns. The points are experimental, and the curve corresponds to the

equation:
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This curve is characteristic of a DNA having three families of sequences (32%, 32% and 36% half reassociated at respective Cot
values of 0.3, 6, and 1100).

penmems. Both molecular species are then “pre-hy-
bridized” with lentil reiterated DNA (Cot lower than
45) using the technique of Pagoulatos and Darnell
{15]. The unhybridized RNA fractions are then used
for hybridization experiments with non-reiterated
DNA. These hybridizations are allowed to proceed
for either 24 hr or 240 hrat 38.5°ina 5 X SSC,0.1%
SDS buffer containing 44% formamide (v/v). The
final volume of the medium is 1 ml. Various assays
with urea, perchlorate, and formamide have shown
that the latter chemical is the most efficient in lower-
ing the T,,, of lentil DNA, and permits the use of a

Tomany a o a o O O O Lo i e A
1OW ICINPCTALULIC (O0.0 ) 101 IIYUIIULZALI0I SLUUICS.

[o g}
[o2)

volvsomal mRNAs are denatured at oaN®in N1 Y QQM 2 Baa:lia
lJUlyb lldl l HININAD dlIC dedlalultu at 77U L1 V.1 A JoL, <. RNOOUIL
0.1% SDS buffer prior to their use in hybridization ex-

Studied with the Britten and Kohne technique
{9, 13], the kinetics of DNA renaturation exhibits
three components (fig. 1). The same situation has
been described in animal and plant DNAs [17,9,13,
16] . The results of hybridiz.ation experiments of the
“slow” component of lentil DNA with the polysomal
32p.mRNAs are presented in fig. 2A, B. These results
again show the occurrence of three components in
polysomal mRNAs: i) a “fast” component, with se-
quences saturating the homologous DNA sites during
short hybridization times, and at low RNA concen-
trations; ii) an “intermediate” component, with se-
quences saturating the homologous DNA sites during
short hybridization times, and at high RNA concen-
trations; iii} a “slow” component, with sequences
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Fig. 2. Hybridization of non-reiterated DNA fraction of lentil roots with 32P-polysomal mRNAs. A) Occurrence of the three com-
ponents (““fast”, “intermediate” and “slow”) in polysomal mRNAs, This curve clearly shows the occurrence of seiterated sequen-
ces even in the so-called non-reiterated DNA. The last portion of the curve (for a product concentration X time higher than 104)
corresponds to the hybridization of non-reiterated sequences of both DNA and mRNAs. B) Occurrence of the three components
of polysomal mRNAs in the representation of Bishop et al. [18]. & is the concentration of polysomal mRNAs (ug/ml), ¢ the
number of cpm hybridized per ug of DNA. Annealing was carried out for either 24 hr (plots 1 and 2), or 240 hr (plot 3). Plot 3
corresponds to the hybridization of non-repetitive sequences of both DNA and mRNAs. In all cases, the Sartorius filters were

loaded with 10 ug of non-repetitive DNA (non-reassociated at Cot 680).

saturating the homologous DNA sites during long hy-
bridization times, and at high RNA concentrations.

Competition hybridization experiments between
polysomal mRNAs and HnRNAs have been performed.
Some of the results are presented in fig. 3. In the lin-
ear representation of Bishop et al. [18], the recipro-
cal of the stope corresponds to the proportion of se-
quences p in labelled RNA that would be competed
against by an infinite concentration of the unlabelled
RNA. If polysomal *P-mRNAs are hybridized with
DNA, and if various concentrations of the same un-
labelied polysomal mRNAs are introduced in the hy-
bridization mixture, the theoretical value of p would
obviously be 1. This value is nearly obtained (0.97)
from the results of fig. 3.

Unlabelled HnRNA also strongly competes against
the three components of polysomal ?P-mRNAs. In
this case, however, the value of p is slightly lower
(0.84).

4. Discussion

The question of a possible precursor relationship
between the heterogeneous nuclear and polysomal

messenger RNAs is an appealing challenge. Recent
experiments by Penman et al. [19], have shown that
the syntheses of these molecular species are affected
in different ways by the inhibitor cordycepin. This
was taken as an argument that mRNAs and HnRNAs
are transcribed from different genes.

Most hybridization experiments performed with
eukaryotic DNAs and mRNAs are indicative only of
interactions between the highly reiterated sequences
of both nucleic acid molecules. However, after a par-
tial isolation and purification of the non-repetitive
component of DNA it then becomes possible to de-
tect the hybridization of non-reiterated sequences of
both macromolecules.

In addition, the strong competition between poly-
somal mRNAs and HnRNA for the same non-reitera-
ted sequences of DNA, implies a close similarity be-
tween the sequences of these two types of ribonucle-
ic acids. This result cannot be taken as a proof for a
precursor relationship of heterogeneous nuclear RNA
to polysomal messenger RNAs in plants, but is com-
patible with this interpretation.
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Fig. 3. Hybridization competition between 32p.1abelled poly-
somal mRNAs and either the same unlabelled polysomal
mRNAs, or unlabelled HnRNAs (Bishop et al. [ 18] plots).
If ¢, and ¢ are the numbers of cpm hybridized/ug of DNA,
either in the absence (cg) or in the presence (c) of unlabelled
RNA, the “‘competition” is defined as C = ¢q—c/cqg. g is the
concentration of unlabelled RNA (ug/ml). Plot 1) competi-
tion between 32P-labelled polysomal mRNA and the same
unlabelled polysomal mRNAs. Plot 2) competition between
32p.1abelled polysomal mRNAs and the unlabelled HnRNAs.
The DNA used corresponds to the non-reiterated fraction
with a Cot of 680. Each example contains 240 ug/ml of
labelled RNA (cg = 54 cpm/ug of DNA). Hybridization is run
during 240 hr.
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