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SUMMARY

Purified rabbit hemoglobin mRNA (HbmRNA) has been characterized
by cell-free translation in vitro and by denaturing (glyoxal) gel
electrophoresis. Enzymatic deadenylation yields shorter molecules,
susceptible of translation but unable to serve as a template for
reverse transcriptase. Comparison between thermal denaturation
parameters of intact and deadenylated HbmRNA in phosphate buffer
alone before and after reaction with formaldehyde (909 x 10min) and
in phosphate buffered 4M guanidinium chloride indicates a highly
ordered secondary structure, 10% of which is given by single
stranded base stacking, in intact HbmRNA. Deadenylated HbmRNA
displays very little single stranded base stacking, suggesting that
most of this contribution to the overall structure of intact HbmRNA
is given by its poly(A) sequence.

INTRODUCTION

Poly (A) has been shown to be a natural cellular component (1)
associated with mRNA (2). The bioclogical significance of poly (A)
remains a puzzle, despite a number of interesting models that have
been put forward (3,4).

Information has begun to appear on the conformation of mRNA. The
amount of secondary structure of hemoglobin mRNA (5), ovalbumin mRNA
{(6) and procollagen mRN2Z {7) has already been estimated. Data on the
contribution of poly(A) to the molecular conformation of mRNAs is
however still scanty. Comparison of the susceptibility of intact and
deadenylated HbmRNA to nuclease Sy digestion (8) has shown that it
does not participate in double helix formation. This observation is
in agreement with the absence of oligo(U) regions demonstrated by
sequence analysis of HbmRNA (9).

Work on procollagen mRNA has indicated that very little single
stranded base stacking occurs. This observation has been confirmed

on HbmRNA (10) by optical and spectrophotometric methods. Since it is
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known that poly(A) has a tendency to stack (11l) we have tried to
measure the amount of single stranded base stacking and to determine
the contribution of poly(a) to the conformation of HbmRNA.

MATERIALS AND METHODS

RNase H (E.C. 3.1.4.34) and oligo(dT)12-18 were obtained from
Miles Chem. Co., Elkhart, Indiana. aMV ! reverse transcriptase was
supplied by Dr. J.W. Beard (Life Sciences Inc. Gulfport, Florida).
Cold nucleotide and deoxynucleotide triphosphates, Sephadex G-50,
creatine phosphate (CP) and creatine phosphokinase (E.C.2.7.3.2)
were obtained from SIGMA Chem.Co. St Louis,Missouri. Oligo (dT)
cellulose (T3) was purchased from Collaborative Research (35s)~
methionine (specific activity 627.7 Ci/mMol) and (3H) -thymidine
triphosphate (specific activity 21 Ci/mMol) were acquired from New
England Nuclear. All other reagents were analytical grade and all
solutions were made in twice-glass-distilled water and autoclaved
before use, whenever possible.

Cellular fractionation and RNA purification. Rabbit globin mRNA

was obtained by a cold phenol-chloroform extraction of reticulocyte
polysomes and purified by two consecutive chromatographies on

oligo (dT)cellulose columns (10). NaCl in application buffer was
lowered to 0.2M as this reduces rRNA contamination (12).
Deadenylation of HbmRNA. The method of Sippl et al (13) was
followed.

Polyacrylamide gel electrophoresis. Analyses were made in the
presence of glyoxal as a denaturing agent (14).

In vitro aminoacid incorporation and mMRNA reverse transcription.
The exogeneous MRNA dependent wheat-germ cell-free system was used
for in vitro protein synthesis (15). Following 60 min incubation at
309C aliquots were either counted for radioactivity or analysed in
SDS-polyacrylamide gels (16). Reverse transcription was carried out
essentialy as described by Sippl et al (13).

Ultraviolet absorbance - temperature profiles and kinetics of
reaction. Experimental conditions have already been described (7).
The value for the molecular (¢p) residue extinction coefficient was
obtained by alkaline hydrolysis (17).

RESULTS AND DISCUSSION

Fig. 1 shows the electrophoretic profile of intact and
deadenylated HbmRNA. By comparison with ribosomal RNA markers, the
mobility of both molecules corresponds to molecular weights of
230,000 and 185,000 respectively. This difference can be attributed
to the removal of 80 AMP residues from the 3' end. Both mRNA
fractions display a single sharp band. A further measure of the
purity of our HbmRNA preparation is given in Fig. 2, which shows
that this material is able to direct the in vitro synthesis, by a
wheat-germ cell-free system, of polypeptides which co-electrophorese
with unlabeled carrier globin.

labbreviations: AMV: Avian Mieloblastosis Virus.
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Figure 1. Polyacrylamide gel electrophoretical profile of HbmRNA.
Intact and deadenylated HbmRNA, as well as reticulocyte rRNA were run
in denaturing gels (18). Left panel - a) intact HbmRNA; b)deadenylated
HbmRNA; c)rRNA. Right panel, plot of migration vs log molecular weight.

% GLOBIN

y

ALBUMIN RNase \

CPM x |0-%

l PEPSIN l

° 30 50 wmiGRATION %0

FRACTION N&
Figure 2. Gel electrophoretical profile of the product of in vitro

translation of HbmRNA . The crosses refer to endogenecus incorporation
by the wheat germ.
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TABLE I

Translational and reverse transcriptional properties of HbmRNA

Intact HbmRNA Deadenylated HbmRNA
amino acid
incorporation 31.491 36.304
(c.p.m.)
reverse
transcription 239.508 25,178
(c.p.m.)

Table I shows the translational and reverse transcriptional
capabilities of deadenylated HbmRNA as compared to those of intact
mRNA. It is clear that there is no impairment of its ability to
direct aminoacid incorporation by a wheat-germ cell-free system. On
the other hand, digestion with nuclease H drastically reduces its
ability to direct the in vitro synthesis of cDNA.

The fraction of G+C in bihelical regions melting to an unfolded
form over a given temperature range has been estimated roughly by
applying the equation (17):

Far/Foe = 081 (88,607 Le0gg) — 0,46 (1)

The “b260/11€280 ratio for HbmRNA (Fig. 3a) over the first quartile
is 1.75, as opposed to 1.43 for the last quartile (Table II); the
corresponding values for 18S rRNA (Table II) were 1.78 and 0.9
respectively. As one would expect, the AGZGO/“E280 ratio did not
change apreciably over the entire melting range for polyAGUC

(Table II). The results indicate the existence in HbmRNA to their
base composition.

Besides the electrophoretical profiles of both our HbmRNA
fractions and its translation products, another criterion of its
purity can be given by estimation of its base composition calculated
by the formula:

beyeo/PEogp = L1/38 (A+U/G+C) + 0.45 (2)

which is applicable to double helical as well as single stranded
RNAs (17). Taking values found in table II we find 52% GC, in close
agreement with values reported in the literature (18).

The contribution of single-stranded base stacking can be
evaluated in two ways: a) first, the hypochromism of base residues
in single-stranded regions is preferentially diminished by 4M
guanidinium chloride, which does not affect the hypochromism of
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TABLE II

Some parameters of the melting profile of HbmRNA and other polynucleotides*

Inte;quartile Tm (eC) u€260/ﬂf—280
HbmRNA 20 (42-629C) 54 20~-909C 1.68
20-429C 1.75
62-90¢C 1.43
Intact mRNA in 17(50-679C) 58 20-90¢C 1.50
4M guanidinium 20-50¢C 1.58
chloride 67-909C 1.44
deadenylated 18 (47-659C) 55 20-909C 1.50
HonRNA 20-479C 1.70
65-909C 1.41
16 (48-649C) 57 20-909C 1.50
18S rRNA 20-489C  1.78
64-909C 0.90
Random 29(43-729C) 48 20-909C 1.71
poly (AGUC) 20-439¢C  1.75

73-90¢9C 1.71

* the solvent was phosphate buffer 0.1M pH 6.8 for all polynucleotides,
unless otherwise specified.

double helical structures (19). Secondly, hypochromism of stacked
residues is studied utilizing mRNA which has been pretreated with
formaldehyde to prevent the formation of base pairs.

Figure 3b shows the melting profile of HbmRNA in the presence
of 4M guanidinium chloride. The Ty is close to that found in 0.1M
sodium phosphate buffer but a sharper transition profile is obtained,
compared to that shown in Figure 3a. Also, whereas the increase in
absorbance at 280nm ig similar to that shown in Figure 3a, that of
the absorbance at 260nm is considerably reduced. This can be
attributed to the predominant stacking of unpaired AMP residues (19).
With the same reasoning applied to HbmRNA in phosphate buffer, the
hypochromicity of HbmRNA in the presence of 4M guanidinium chloride
corresponds to 52% structure, suggesting, because of the known effect
of the solvent, that roughly 6% of the optically detectible structure
of native HbmRNA is attributable to single stranded base stacking.

Fig. 3c shows that the melting profile of enzymatically
deadenylated HbmRNA is strikingly similar to that of intact HbmRNA
in 4M guanidinium chloride. There is consequently a close agreement
between the respective denaturation parameters (Table II).
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Figure 3. Melting profile of HbmRNA. (~—0-—), A, i (——0—), A g,
a) Intact HbmRNA in 0.01M sodium phosphate buffer ggntaining 0.1M ﬁggl.
b) Intact HbmRNA in 0.01M sodium phosphate buffer containing 4M
guanidinium chloride. c¢) Deadenylated HbmRNA in sodium phosphate buffer
containing 0.1M NaCl. Deadenylation of HbmRNA was performed with the
aid of ribonuclease H as described in the methods section.

Figure 4. Melting profile of intact HbmRNA before (—0-—) and intact
HbmRNA (-~—0-—) and deadenylated HbmRNA (——0-—) after reaction with

1% formaldehyde. Further experimental details are given in the
methods section.

In fig. 4 we see the results of the absorbance studies carried
out at 250nm on RNA before and after reaction with formaldehyde.
Intact HbmRNA has a sigmoid melting curve before reaction; its
formaldehyde derivative exhibits linear dependence on temperature,
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Figure 5. Kinetics of reaction of HbmRNA with'formaldehyde. HbmRNA
—®—) or an equivalent mononucleotide mixture (——0—~—) reacted

with formaldehyde as outlined in methods. Reaction kinetics were
followed at 240nm.

characteristic of single stranded stacked bases (20). Deadenylated
HbmRNA shows , on the other hand, very little hypochromicity,
indicating that single stranded base stacking contributes very
slightly to its secondary structure. After cooling to 209C, the
original spectra were largely restored.

The data from fig. 4 allow us to apply the formula for total
hypochromicity hg=(l-x)hgg + hgg where hgg and hds are the
hypochromicities of completely single and completely double
stranded RNA. hp and hgg Were determined experimentally in the
absence and presence of formaldehyde respectively; hgs was assumed
to be 0,30. The calculated value for x (the fraction of nucleotides
in double helical regions) is 0.53; thus correction for single
stranded base stacking reduces the estimated helical content by 10%.

An independent assessment of the extent of hydrogen bonding can
be obtained through kinetics of reaction with 1% formaldehyde (11).

The reaction can be followed at 275nm in 0,1M sodium phosphate
buffer (pH6.8) at 259C. The reaction is pseudo first order with

respect to formation of methylol adducts (21). Fig. 5 shows a plot
of the extent of reaction of formaldehyde with HbmRNA and an
equivalent mixture of ribonucleotides.

The pseudo first order rate constants derived from the slopes
are 2,36x10-2min"} for free mononucleotides and 1,26x10~2min~! for
HbmRNA. Comparison of the rate constants indicates that about 53% of
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the bases are not available for reaction under the condition used,
in close agreement with the value calculated above from the data
shown in Fig. 4. It is also worth noticing that the rate constants
experimentally obtained, 2.02x10-2min"l and 0.99x10-2 for free
nucleotides and for HbmRNA respectively are also in good agreement
with those that can be calculated from the base composition of
HbmRNA (18) and the rate constants for hydroxymethylation of
mononucleotides (22).

The amount of secondary structure deduced by melting HbmRNA in
4M guanidinium chloride agrees completely with that calculated from
kinetics of reaction with formaldehyde (53%) (Fig. 3c). This
results is consistent with the idea that the poly(d) segment is
responsible for the major part of the base stacking seen in our
UV hypochromism studies .
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