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The nucleic acids synthesised in poliovirus infected HeLa cells in the presence of actinomycin D
were fractionated by means of a methylated albumin column.
Beside the bulk of infectious viral RNA several other peaks were observed.

V arious techniques have been applied to investi
gate w hether cells infected w ith poliovirus contain
an in term ediate o r replicative form of viral RNA,
in ad d itio n to the infectious viral RNA proper. F e n 
w i c k 1 and Z i m m e r m a n et al. 2 analysed nucleic acid
p rep a ra tio n s by sucrose density gradient centrifuga
tion. In both cases, the synthesis of cellular RNA
h ad been reduced, in F e n w i c k’s experim ents by
U. V. irra d ia tio n or m ytom ycin C and in Z i m m e r 
m a n ’s experim ents by actinom ycin D. N either in
v estigator found evidence for the presence of any
virus-specific RN A other than the viral RNA p ro 
per. K u b i n s k y and K o c h 3 separated RNA p re p a ra 
tions on a m ethylated album in c o lu m n 4. They
described 2 fractio n s labelled d u rin g the course of
the experim ent. O ne corresponded to the infectious
v iral RN A , the o th er was described as highly un 
stable and not possessing infectious properties. Yet,
no p recautions w ere taken to in h ib it the synthesis
of cellular RN A in add itio n to w hatever inhibition
m ight be o cc u rrin g spontaneously as a result of the
virus infection.
In o u r experim ents, cellular RN A synthesis was
suppressed by actinom ycin D. The nucleic acids
w ere analysed by m eans of a m ethylated album in
colum n.

PBS and reincubated with E a g 1 e’s amino acid and
vitamin mixture in E a r 1 e’s balanced salt solution
without calf-serum but containing 2
of actino
mycin D *. After I hour, 3 H-ATP * or 1 4 C-Uridine * was added to the medium and the virus was
allowed to multiply for 4 hours.
For nucleic acid extraction, the washed cells of three
P e t r i dishes were suspended in 5 ml. of a 5% solu
tion of sodium dodecyl sulfate (SDS) in water. An
equal amount of phenol was added and the mixture
was shaken for 10 to 20 minutes in the cold. The
aqueous phase was treated once again with the same
amount of phenol for 8 minutes in the cold. The water
phase was then mixed with 2.5 volumes of cold NaClsaturated ethanol and stored overnight at —20 °C. The
sediment was washed once with cold NaCl-saturated
ethanol and redissolved in 1 0 ml. of water.
The methylated albumin column was prepared and
used according to S u e o k a and C h e n g 5. Stepwise elu
tion was carried out at room tem perature with a flow
rate of 1 to 2 ml/minute. The optical density of the in
dividual fractions was determined and the concentra
tion of nucleic acid calculated, using a conversion
factor of 0.025 O.D26o Per 1 I1g/ml. of nucleic
acid 6. The radioactivity of the samples was tested in
a Tri Carb liquid scintillation counter, after precipita
tion of the m aterial with 5% TCA in presence of a pro
tein carrier and collection of the precipitates on a millipore filter.
Infectivity tests were carried out according to the
method described by W e c k e r et al. 7.
Results

M aterials and M ethods

HeLa cells in 100 mm. P e t r i dishes were mas
sively infected for 1 hour at 37 °C with the Mahoney
strain of poliovirus. The cells were then washed with

Although the elution patterns of the nucleic acid
preparations showed some variability from experiment
to experiment, the overall results were sufficiently re
producible to allow a comparison. In addition, the re-
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solution of the system within each experiment was good
enough to separate clearly the various types of nucleic
acids, in particular those of RNA.

increase of the small molecular weight nucleic acid,
eluting at 0.1 M., as shown in Fig. 2.

N ucleic acids from non-infected cells

The elution pattern of nucleic acids from non-infected
HeLa cells which were exposed to actinomycin for 5 i
hours is shown in Fig. 1 . The nucleic acids were se
parated by the column into 3 different fractions, one
eluting at a salt concentration of 0.1 M., the others at
about 0.4 and 0.9 M. NaCl, respectively.

8
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Fig. 2. Elution pattern of normal HeLa nucleic acid. --------Nucleic acid expressed as total ^tg /fractio n .-------- Same,
after DNAse treatment. N.B. Observe more extended area
between points 0.6 —1 M. NaCl.
N ucleic acids from infected cells

M . N aC l

—
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Fig. 1. Elution pattern of normal HeLa nucleic acid. Actino
mycin and label administered together. All the fractions have
the same volume. --------- O.D/ml at 260 m ,u .----------Radio
activity, CPM/ml. E : unabsorbed material.

In this experiment, the label was administered
together with actinomycin. Since the inhibitor does not
act instantaneously 8, a certain amount of label was in
corporated, mainly in the fraction eluted at 0.1 M.
NaCl. According to S u e o k a and C h e n g 5 the low mole
cular weight nucleic acid is contained in this fraction,
messenger RNA elutes at 0.4 M. NaCl, followed by
DNA, and finally ribosomal RNA at about 0.8 M.
NaCl. Therefore, the m ajority of the label, appearing
at 0 .1 —0.2 M. NaCl in our experiment, is assumed to
represent the transfer RNA, while the peaks of O.D.
are supposedly due to DNA and ribosomal RNA.
For a better separation of the high molecular weight
nucleic acids, we increased the resolving power of the
system by using smaller concentration steps for the elu
tion fluids. Fig. 2 shows the elution pattern of nucleic
acids from normal cells, where labelled ATP was added
i hour after actinomycin. The cells were incubated for
a total of 5 hours. Incorporation of label was com
pletely inhibited by actinomycin. The eluted material
showed 3 peaks of O.D., one at 0.1 M., a second at
0.65, and a third at 0.75 M. NaCl.
DNAse treatment (1 //g./m l., 60 min. at 37 °C)
of the same starting m aterial resulted in a complete
disappearance of the second peak, with a concomitant
8 R. M. F ranklin and D. B altim ore , Cold Spring Harbor
Sympos. quantitat. Biol. 27, 175 [1962].

Having studied the elution pattern of nucleic acid
extracts from uninfected HeLa cells and the inhibitory
effect of actinomycin on the incorporation of precur
sors into the various fractions, it was now possible to
investigate nucleic acid extracts from polio-infected
cells under otherwise identical conditions.
As can be seen in Fig. 3 and 4, an appreciable
amount of labelled precursor was incorporated. Two
labelled peaks appeared superimposed to the transfer
RNA and the DNA peaks which could be located by
means of O.D. The other labelled fractions were not
correlated with pre-existing structures. Infectivity tests
of all the fractions showed that the bulk of PFU ap
peared with the radioactive peak eluting after the ribo
somal RNA. In one experiment (Fig. 4) both label and
infectivity were further separated into 2 fractions
(0.925 M. and 0.975 M .). This additional peak was not
always observed. A third peak, however, containing
very little infectious m aterial was found in each experi
ment corresponding with the labelled fraction located
between the DNA and the ribosomal RNA.
In all the preceding experiments, SDS had been
used during the phenol extraction in order to obtain
as much as possible of the various nucleic acids pre
sent. H o l l a n d 9 has described a fraction of RNA in
polio-infected cells which is resistant to extraction by
phenol alone. It was, therefore, of interest to compare
the influence of 2 different extraction techniques on the
various fractions described above.
One extraction of tritium-labelled m aterial was per
formed as described in Materials and Methods. An
other extraction was performed without SDS. In this
case, 3 2 P -P 0 4 was used as a label. Both preparations
were mixed and fractionated on the same column. The
result is shown in Fig. 5. The only significant difference
was that the material extracted by phenol alone lacked
9 J.

H olland ,

Proc. nat. Acad. Sei. USA 48, 2044 [1962].

FRACTIONATION OF NUCLEIC ACIDS FROM POLIO-INFECTED HELA CELLS

a fraction contained in the SDS extract. From the loca
tion of this fraction, it can be deduced that it repre
sents the DNA-superimposed peak.

M. NaCl

M . NaCl —

►

Figs. 3 and 4. Elution pattern of polio-infected HeLa cells
Nucleic acid expressed as total ^g/fracnucleic a c id .----tio n .---------------Radioactivity expressed as total label/frac
tion. -------- Infectivity expressed as total plaques/fraction.
N.B. Observe closer elution steps between 0.6 —1 M. NaCl.
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M.NaClFig. 5. Elution pattern of nucleic acid from polio-infected
HeLa c e ll s .-------- Phenol extraction with sodium dodecyl
s u lfa te ...................Phenol extraction without SDS.
Discussion

L ittle is know n about the m echanism involved in
the replication of viral RNA. One obvious possibi
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lity is th at the viral RN A is rep licated by m eans of
a base-pair copying m echanism . T his w ould im ply
the p ro duction by the infected cell of a stran d of
RNA which is com plem entary to the viral RN A . A
first approach in searching for such a com ponent
would be the investigation of w hether the cells syn
thesise a virus specific type of RN A different from
that which is eventually in c o rp o rated into v irio n s —
that is, the viral RN A p ro p er.
Studies of this k ind have alread y been re p o r
ted 1_3. T he negative results obtain ed by F e n w i c k 1
and Z i m m e r m a n n et al. 2 m ay have been due to an
insufficient differentiation capacity of the sucrose
g rad ien t analysis em ployed. K u b i n s k y and K o c h 3
described two RN A fractio n s derived fro m polio
infected cells which could be sep arated on a m e
thylated album in colum n. H ow ever, in these ex
perim ents the in co rp o ratio n of labeled p recu rso r
into cellular RN A was n o t excluded. T he ex p eri
ments described here w ere designed to avoid the
possible shortcom ings of these fo rm er studies. The
synthesis of cellular RN A was in h ib ited by actinom ycin D and the nucleic acid extracts w ere analyzed
by m eans of a m ethylated alb u m in colum n. In o rd er
to obtain as com plete a spectrum of all nucleic acids
of the cell as possible, the virus infected cells w ere
extracted by a m ixture of phenol and sodium d ode
cyl sulfate.
The results obtained suggest th at the m a jo rity of
labeled p rec u rso r is in co rp o rated into a type of
RN A th at is infectious and represents a fractio n
typical fo r v iral RN A p ro p er. In ad d itio n to this,
another fractio n was found which elutes ahead of
the viral RN A p ro p er, contains less total ra d io a c ti
vity, and has ju st a trace of infectivity. B oth fra c 
tions are considered v iru s specific because they
were present only in the nucleic acid extracts of in 
fected cells. T hey do n ot co rresp o n d to any of the
fractions co ntaining n o rm al cellular nucleic acids
which are easily located by v irtue of th eir optical
density. W hile the n atu re of the bulk of labelled and
infectious RN A seems to be quite obvious, th a t of
the second type m aterial is unknow n. T he fact th at
it elutes ahead of the viral RN A is interesting. A c
cording to the elution p attern of know n nucleic
acids this b ehavior m ay suggest th at the nucleic
acid in question is eith er sm aller th an the viral RN A
(e. g. a breakdow n p ro d u ct of it) o r th a t it m ight
be double stranded. F u rth e r studies on the n atu re
of this nucleic acid are in progress.

