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SUMMARY : Poliovirus RNA was compared with tobacco mosaic virus
{TMV) , mammalian 28S and 18S ribosomal, and R17 bacteriophage
RNASs. Acrylamide gel electrophoresis gave a linear relation
between relative mobility of the standards and logarithm of
molecular weight, and the mobility of poliovirus RNA corresponded
to 2.56 * 0.13 x 106 daltons. Sucrose-gradient centrifugation
in three solvents minimising secondary structures sedimented
poliovirus RNA at a rate consistent with 2.1 - 2.6 x 106 daltons.

As discussed elsewhere (1), earlier estimates of the molecular
weight of poliovirus RNA (1.2 ~ 2 x 106 daltons) were mainly
derived from rates of sedimentation in the ultracentrifuge, which
are greatly affected by salt concentration and are presumably
influenced by variable secondary structures. We have re-estimated
this value by comparing poliovirus RNA with several RNAs of known
size, using gel electrophoresis and zonal centrifugation in
solvents that minimise secondary structure. We find that
poliovirus RNA is some 25% larger than previously thought.

METHODS

Molecular weights of standard RNAs are: TMV, 2.0 x 106 (2);
'28's and '18'S ribosomal, 1.64 and 0.67 x 106 (3); R17, 1.1 x 10
(4) daltons. Ribosomal RNA was extracted from U cells (5) after
18 hr at 37° in 0.3 uC/ml uridine-2—14c. Poliovirus strain ng
type 1 (6) was grown for 8 hr in U cells at 370, with addition of
actinomycin D (1 ug/ml at 3 hr) and uridine—2—l4c (0.2 uc/ml at

6

3.25 hr). After freezing and clarifying, virus was sedimented
and the band of infectivity twice separated in CsCl gradients.
Nicotiana tabacum L. leaves, infected with TMV (strain Ul) for 5
days at 22°, were detached, lightly slashed and indirectly 1lit

(2 days at 25°) in contact with 0.2 ml 100 pC/ml 3H—adenosine and
then ground in 0.02 M borate (pH 7.0). Debris was removed, virus
sedimented, and the light-scattering band of radioactivity
collected from a 10-40% sucrose gradient (2.5 hr at 43,000 x q);
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it appeared pure, and homogeneous in particle length, in the
electron microscope. Bacteriophage R 17 was grown for 8 hr in
a 2 1. culture of hfr mggf E. coli containing 200 uC 3H-adenosine,
and purified (7). When comparing RNAs, the source virions were
mixed before extraction in order to treat the preparations
identically. Extraction (8) was for 15 min at 20° in 10% phenol
+ 1% sodium dodecyl sulphate + 0.01 M EDTA and 0.02 M phosphate
(pH 7.0). Purified yeast RNA (15 ug/ml) and NacCl (to 0.2 M)
were added, RNA twice precipitated in 66% ethanol and redissolved
in 0.01 M tris (pH 7.4) + 0.01 M EDTA. Gel electrophoresis
(9, 10) used recrystallised acrylamide and bisacrylamide in 7 cm
gels, which were pre-electrophoresed (6 mA for 30 min) to remove
ribonuclease. Gels were frozen and slices dried at 60° with
10% piperidine in vials, swelled in 0.5 ml water and scintillation
fluid added. Zonal centrifugation was through linear sucrose
gradients (15 - 30%) in 0.1 M NaCl, 0.01 M EDTA, 0.0l M tris
(pH 7.4), at 39,000 rpm in a Spinco SW/39 rotor; NaCl was omitted
in some cases. In others, the RNA was pre-heated (1 hr at 600)
in 6% (W/V) neutral HCHO (11, 12) with 6% HCHO also in the
gradients, or treated with 5 vols of 99% dimethyl sulphoxide
((CH3)ZSO) at 20° for 30 min (13, 14), then centrifuged through
5-20% (W/V) sucrose gradients in (CH3)280 and 10 mM LiCl (65,000
rpm in a Spinco SW/65 rotor). Fractions collected from the bottom
of the gradients were dried on filter paper, washed seven times in
CC13COOH and ethanol, dried and counted in a Packard scintillation
spectrophotometer, using dioxane-based fluid; (CH3)280 fractions
were added directly to scintillation fluid.
RESULTS

Acrylamide gel electrophoresis consistently separated poliovirus
and TMV RNAs (Fig. 1lA). Fig. 1B and 1C are electropherograms
of several RNA standards of known size, and Fig. 2 confirms the

linear relation between their relative electrophoretic mobility
and logarithm of molecular weight (9). By a small extrapolation,
the molecular weight of poliovirus RNA is 2.65 x 106. These

gels contained 2.4% acrylamide; gels containing 2.2%, 2.0% and
1.8% acrylamide also gave linear relations and values of 2.45, 2.70

and 2.50 x 106 daltons respectively, for poliovirus RNA. In
a total of 6 gels, the range of molecular weight estimated for
poliovirus RNA was 2.40 - 2.70 x 10%, and the mean (with 95%

confidence limits) was 2.56 + 0.13 x 10° daltons.
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FIG. 1. Polyacrylamide ael electrophoresis of 14C-poliovirus v
3g-tMv, l4c-ribosomal and JH-R17 RNA mixtures. Electrophoresis

was for 4 hr in 2,4% gels, at 70 v and 6 maA/gel.

Sucrose gradient centrifugation through conventional gradients
with or without NaCl also separated poliovirus and TMV RNAs (Figs.
3a, 3Q). Poliovirus RNA sedimented the faster. However,
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FI1G. 2. Relation between molecular weight of standard

RNAs and electrophoretic mobility (data from Fig. 1C and a
concurrent replicate gel). The poliovirus mobi%ity
corresponds with a molecular weight of 2.65 x 10 daltons.

treatment with HCHO greatly decreased their difference in
sedimentation rate, with or without NaCl (Figs. 3B, 3D). Thus
either poliovirus RNA is normally more closely structured than
TMV RNA, or else the secondary structures of TMV RNA are less
vulnerable to HCHO. In either case, the two conformations
differ, and the difference between their sedimentation rates in
conventional gradients must be regarded as reflecting differences
in conformation rather than size. Nevertheless, poliovirus RNA
sedimented slightly faster than TMV RNA even in presence of HCHO.
Treatment with (CH3)ZSO (Figs. 3E, 3F) also greatly decreased
their difference in sedimentation rates, but poliovirus RNA again
sedimented slightly faster in this denaturant. The sedimentation
of both RNAs in (CH3)2SO was significantly slower in presence

of HCHO, suggesting that (CH3)250 alone may not completely remove
secondary structure. These results, obtained by sedimentation
of denatured RNAs, agree with those obtained by electrophoresis
in that poliovirus RNA appears larger than TMV RNA. How much
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FIG. 4. Sgcrose gradient analysis of 14C-poliovirus
( 0-0 ) and °H-R17 ( @@ ) RNA mixtures; 7 hr at 39,500
rpm. The preparations were HCHO~treated but salt-free.

larger was difficult to estimate, however, as comparison with RI?7
RNA (Fig. 4) showed that the resolution of denatured RNAs in
15-30% sucrose gradients was unexpectedly poor. The observed
sedimentation rates were consistent with a molecular weight of
poliovirus RNA between 2.1 and 2.6 x 106 daltons.
DISCUSSION

Both electrophoresis and gradient analysis show that poliovirus
RNA is larger than the "accepted value” of 2 x lO6 daltons; the
sucrose gradient results suggest a value between 2.1 and 2.6 x 106
daltzns, and the more precise electrophoresis data give 2.56 % 0.13
x 10

base composition of poliovirus RNA (15) indicates an average

daltons, some 25% larger than was previously thought. The

molecular weight per sodium nucleotide of 350, so that poliovirus

RNA contains 7320 + 372 nucleotides, which can code for 2300-
2600 amino acids. Granboulan and Girard (16) have very
recently reported the length of both double- and single-
stranded RNA of poliovirus to be 2.37 um, equivalent to 7,500
+ 400 nucleotides or about 2.6 x 106 daltons. This value,
reached by an independent method but using only R17 RNA as
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standard, agrees very closely with the above results. These
authors also found that poliovirus RNA sedimented faster than
TMV RNA in sodium dodecyl sulphate-sucrose gradients, but the
effects of removing secondary structure were not reported.
Earlier estimates for the molecular weight of the similar
encephalomyocarditis virus RNA (17, 18) were some 3 X 106
daltons, but Fenwick (19), using sedimentation in denaturing
solvents, recently reports a value of about 2.4 x 106 for this

virus RNA.
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