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Electroelution of Infectious Viral RNA

Recovery of the Nucleic Acids of Tobacco Mosaic
and Potato X Viruses from Polyacrylamide Gel and Evidence
for a Single Infectious Component in Each of the Two Viruses

Satyabrata Sarkar
Max-Planck-Institut fiir Biologie, Abteilung Melchers, Tiibingen

(Z. Naturforsch. 28 ¢, 618 —625 [1973] ; received May 25, 1973)

RNA, tobacco mosaic virus, potato X virus, gel-electrophoresis, infectivity

A simple device is standardised for the elution of biologically active ribonucleic acid from
polyacrylamide gel after electrophoresis. The pieces of gel containing the nucleic acid to be re-
covered are held in position by two short cylinders of foam rubber in a glass tube and the nucleic
acid is concentrated over a sucrose-containing buffer layer by electrophoresis in a standard electro-
phoretic equipment. Using this method nucleic acids can be recovered undamaged almost quanti-
tatively, as shown for microgram quantities of two viral RNAs by infectivity assay. The results
offer additional experimental support to the single-component character of tobacco mosaic and

potato X viruses.

Introduction

Advances in experimental methodology have re-
vealed the multicomponent character of several
viruses, where the viral genome occurs as more than
one physically distinct units. Properties and be-
haviour of such viruses invivo and invitro have
been reviewed by several workers!™3. The method
of establishing the multicomponent nature of a virus
consists basically of three steps: Separation of the
components from one another, determination of the
infectivity of each component on a suitable sensitive
host and demonstration of a highly significant in-
crease in specific infectivity by use of a proper
mixture of two or more components. The opposite
case, that a virus occurs as a single component in
nature, can be proved only to the nearest approxi-
mation. The physical homogeneity attained during
the purification of a virus is a matter of degree and
is dependent upon the methods adopted.

The efficiency of plating in plant virus systems 46
being of the order of one in 50 000, a direct experi-
mental proof of an one-component nature is diffi-
cult, in contrast to many bacteriophages, where a
ratio of bacterium : bacteriophage close to 1 : 1 can
be attained. The one component nature of tobacco
mosaic virus, however, was identified by Zimmer7,
who demonstrated that the inactivation of TMV by
ultraviolet light follows a one-hit curve. The results
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of many later workers, e. g. Mundry and Gierer 8,
and the infectivity-dilution curves are in agreement
with the one-component concept of TMV. However,
it is also noteworthy, that 1. purified preparations
of TMV always contain particles of different lengths
in varying proportions, 2. particles shorter than
300 nm occur invivo?, 3. the infectivity of long
particles can be increased by mixing with shorter
ones 1% 11 and 4. the short particles observed both
invivo and during reconstitution in vitro appear to
contain the 5" OH end of the TMV-RNA 12 13, jndi-
cating that the particles do not necessarily represent
only a heterogeneous mixture of broken virions of
TMYV. It seems, therefore, desirable to check the one-
component nature of TMV by an alternative method,
if available. A method of quantitative recovery of
viral RNA in a biologically active state developed
now has been applied successfully to lend additional
support to the single component concept. The argu-
mentation can be formulated thus: If the infectivity
of one highly uniform component remains unaltered
after removal of all other associated components, the
possibility that such a virus has a single component
character would be very high. From this viewpoint
the two elongated viruses, tobacco mosaic and potato
X, were examined experimentally. Instead of at-
tempting to purify virus particles of uniform length
a purification of the total nucleic acids was under-
taken. Electrophoresis in polyacrylamide gel is a

Abbreviations: TMV, tobacco mosaic virus; PVX, potato virus
X; SDS, sodium dodecyl sulphate; Na,EDTA, disodium
salt of ethylene-diaminetetraacetic acid; TP, trishydroxy-
methyl aminomethane +phosphate buffer.
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very efficient method of separating and measuring
different kinds of nucleic acids¥717. However,
available methods for recovery of high molecular
weight nucleic acids quantitatively out of the gel
in an undamaged state are not very satisfactory.
Drastic methods for quantitative recovery, often
adopted for measurement of radioactivity in labelled
nucleic acids, do not preserve biological activity.
Elution by electrophoresis, or electroelution 7,
probably the most gentle procedure and several ex-
perimental devices are now known, although many
of them require special constructions 18721,

is

A direct accumulation of eluted macromolecules
in a dialysis bag is not always satisfactory, as has
been discussed by other workers!?. The procedure
developed here is principally based on the method
of Hjertén 22, in that the nucleic acid is collected
over a sucrose solution, but it has the merit of being
very simple and it can be adopted practically with
the basic equipments required for routine electro-
phoresis.

Using this innovation, the high molecular weight
RNAs of TMV and PVX were recovered from a uni-
form band in polyacrylamide gel after electrophore-
sis and the infectivity was compared with that of an
aliquot of the corresponding total RNA without a
prior electrophoretic purification. The experimental
methods and the results are presented here, not only
because they lend further support to the concept of a
single-component character of the two RNA-con-
taining viruses, but also for the probability of a
useful application of the elution-technique in other
investigations involving electrophoresis in support-
ing media. No indication of a possible heterogeneity
of the infectious RNA (s) was found by measuring
the biological activity of eluates from different re-

gions within the RNA bands.

Material and Methods

Virus and test plants

The common strain vulgare and the dahlemense
strain of TMV were multiplied in samsun tobacco
(Nicotiana tabacum L. var samsun?3) and PVX
was multiplied on Xanthi tobacco (N. tabacum L.
var Xanthi nc. 2*) in the greenhouse. Xanthi tobacco
was chosen for PVX-multiplication, as there is
hardly any risk of contamination with TMV, the
latter producing only localised necrotic lesions on it.
Three severe strains of PVX were available; one

brought by Dr. Maria Kamienska-Zyta of the Virus
Laboratory in Krakau, Poland, and two others were
kindly supplied by Professor F. Nienhaus of the
Institut fiir Pflanzenkrankheiten of the University of
Bonn, Germany.

Virus extraction

TMYV was purified from clarified sap by heat treat-
ment and differential centrifugation as described
earlier 5. PVX was purified in the following way:
About 80g of systematically infected leaves of
Xanthi tobacco were homogenised in a Waring
blender with 240 ml cold distilled water containing
0.005M sodium dithionite (E. Merck, Germany)
and 0.01 M 2-mercaptoethanol and brought to pH 8
with 0.5 N NaOH. The homogenate was pressed
through cheese cloth and the sap clarified by centri-
fugation at about 1500 x g for 30 min, shaken with
1/4 vol. of a 1 : 1 mixture of chloroform and n-buta-
nol 26 for 10 min. After 2 hours in an ice bath the
phases were separated by centrifugation at 1500 x g
as above. The upper phase was centrifuged in rotor
no.30 of a Spinco preparative ultracentrifuge at
about 35000 x g for 2 hours, the sediment re-
suspended in 20 ml 0.01 M phosphate buffer (Soren-
sen) pH 7.0. After standing in ice overnight the pre-
paration was centrifuged for 20 min at about
6000 x g in a cooled Sorvall RC2B centrifuge and
the virus recovered from the supernatant by centri-
fugation at about 35000 x g as before. The virus
was further purified by freezing and thawing and
another cycle of low and high speed centrifugation.
The purified virus had a ratio of extinction at
260nm : 280nm of 1.2:1 and the concentration
was calculated 27 by taking an optical density of 1.0
at 260 nm as equivalent to 0.29 mg PVX per ml at
pH 7.0. With TMV an OD of 1.0 corresponds to

a concentration of 0.37 mg virus per ml.

Preparation of RNA

RNA was extracted from purified virus by a
modified phenol method. 10 ml of virus suspension
in 0.02 M phosphate buffer pH 7.3 was mixed with
100 mg each of bentonite, sodium salt of tri-iso-
propylnaphthalene-sulfonic acid and disodium salt
of 1,5-naphthalene-disulfonic acid 28, 1 ml of 0.1 M
disodium-EDTA, 0.5ml of a 20% w/v solution of
SDS and 500 mg sucrose (analytical grade). The
mixture was shaken in a glass-stoppered cylinder
for 10 min at room temperature with 10 ml of phe-
nol reagent. The reagent 2° was prepared by mixing
480 ml] of distilled phenol and 70ml of distilled
m-kresol with 200ml of distilled water and dis-
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solving 0.5 g 8-hydroxyquinoline in it. The phases
were separated by centrifugation at about 1000 x g
for 20 min in SS-34 rotor of a Sorvall RC2-B centri-
fuge. The upper phase was taken out, shaken with
10 ml phenol reagent and centrifuged as above. The
upper phase was shaken with 5 ml phenol reagent
for a third time and the phases separated by centri-
fugation. Sodium chloride was added to the upper
phase to give a final concentration of 0.3 M and then
the nucleic acid was precipitated by the addition of
two volumes of cold ethanol. After standing over-
night at — 10 °C the RNA was sedimented by centri-
fugation, washed with ethanol, taken up in 0.15M
sodium acetate pH 6.0 containing 0.5% SDS and
dialysed against 1liter of this solution for 12 to
24 hours at room temperature®’. The RNA was
recovered from the dialysate by precipitation with
2vols. of ethanol (95—100% v/v), dried in va-
cuum and dissolved in a small volume of trisphos-
phate buffer 3! pH 7.7 containing 0.5% SDS and
5.0% sucrose. Concentrations were estimated by as-
suming that both TMV- and PVX-RNA at 10 ug per
ml have an OD of 0.24 at 260 nm.

Gel electrophoresis

Gels were prepared from recrystallised acryl-
amide and bis-acrylamide, according to the method
of Loening 3! in 12 cm long Plexiglas tubes of 6 mm
internal diameter and run in trisphosphate buffer 3!
of pH 7.7 containing 0.2% SDS (= E buffer). The
RNA samples (usually 5—20 ug) were applied to
the top of the gels after a prerun of 20 — 30 min and
electrophoresed for 3 — 4 hours at a current strength
of 5 mA per tube (about 60 —70V) at room tempe-
rature. The gels were scanned in a Chromoscan
(Joyce Loebl Co., Gateshead, U.K.) at 265 nm and
the nucleic acid peak was marked with India ink.
Gels were then taken out, frozen in solid carbon di-
oxide and preserved at minus 10 °C.

Elution of RNA

Gels were usually cut into slices of 0.8 mm thick-
ness and only the slices between the India ink marks
were transferred directly to the elution tubes.

Fig. 1 illustrates the arrangement that was
standardised after several preliminary experiments.
The glass tube was closed at the bottom with a dia-
lysis membrane held in place by one or two tightly
fitting rubber rings. The bottom was filled with 1 ml
of buffer S5, (0.1 M tris-phosphate buffer 3!, pH 7.7
containing 50% sucrose w/v). Half a ml of buffer
Sip (as above, but with 10% sucrose) was then
carefully layered over the S5, buffer with the help
of a Pasteur-pipette. The rest of the tube was care-
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fully filled up with electrophoresis buffer E con-
taining 5% sucrose (= E+S;). It has been ob-
served that the Sy and S;, buffers can be prepared
without SDS without an appreciable loss of infec-
tious RNA. A small cylinder (diameter about 7 mm)

8mm

12cm

Fig. 1. Sectional view of arrange-
ment for elution of nucleic acid from
polyacrylamide-gel by electrophore-
R sis. The glass tube is closed by a
dialysis membrane (M), held tightly
by a rubber ring (R). E = buffer
for electrophoresis, F = foam rub-
ber, G = gel slices. E4S;, S, and
S, are buffer solutions containing 5,
10 and 50% w/v sucrose respectively.
The inverted rubber stopper (R,) fit-
ted with a rubber tube (R,;) and an
injection needle (N) is pushed up to
puncture the dialysis membrane (M)
after electrophoresis to facilitate a
dropwise collection of the contents of
the elution tube.

S0

—Sso0

l«— M
10mm
—Ry

‘\__Rz

of soft foam rubber cut out with a cork borer was
soaked in buffer E +S; and pushed in position by
means of a fine forceps and a mounted needle, so
as to remain at a heigh of about 7 mm from the
bottom of the tube. A part of the buffer solution
in the upper region of the tube was removed and
the slices of gel from which RNA was to be eluted
were introduced from the top. A second cylinder of
foam rubber was pushed in in the same way and the
top was filled up with E buffer. To prevent a too
rapid osmotic movement of water and salts through
the dialysis membrane during electroelution, the
lower ends of the elution tubes were allowed to dip
into S5, buffer contained in the lower electrophoresis
vessel. However, it was economical to use a relative-
ly small volume of S;, buffer at the bottom of the
lower electrophoresis vessel and to add carefully
E-buffer (without sucrose) to form an upper layer.
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Electrophoresis was routinely done at 8 mA per
tube for about 5 hours at room temperature. After
the run, the upper electrophoresis vessel was lifted,
the major part of the E buffer in this vessel was
removed by suction, the lower projecting parts of
the tubes were gently washed with a jet of water and
carefully wiped with absorbent tissue to remove
excess water. Samples were collected dropwise from
the bottom by puncturing or by pushing up a needle
(No.1) fitted in a rubber stopper as shown in
Fig. 1. The contents of each tube were collected in
14 to 15 fractions of approximately equal volume.
Most of the RNA accumulated in the Sy, zone.

Infectivity assay

The SDS present in the eluates was found to
interfere adversely with the biological assay proce-
dure. It was therefore necessary to remove the SDS
by precipitating the RNA with ethanol. Since only
micrograms of RNA were present in the fractions,
they were co-precipitated with added yeast RNA.
Yeast RNA (Serva Entwicklungslabor, Heidelberg)
was dissolved in E + S5 buffer and diluted to a con-
centration of 1 mg RNA/ml. To each eluate of ap-
proximately 0.4 ml was added 0.1 ml of yeast RNA
solution (= 100 ug yeast RNA) and 1 ml of 95%
ethanol, shaken well and kept at 4 °C for 10 to 15
hours. The precipitate was collected by centrifuga-
tion at about 1500 X g, suspended in 1 or 2 ml etha-
nol and after a couple of hours again collected by
centrifugation. The tubes were partially dried by a
gentle stream of nitrogen or air and then dried
further by keeping the samples in a vacuum desicca-
tor over dried silica gel for several hours, preferably
in the cold. The sediment in each tube was then dis-
solved in 2ml of 0.1 M tris-phosphate buffer 3 of
pH 8.8 and tested for infectivity. Xanthi tobacco
and Chenopodium urbicum were used as local lesion
hosts for TMV- and PVX-RNA respectively. For
the dahlemense strain of TMV the tobacco mutant
“samsun EN” 33 was used. Inoculation was done in
the usual way with a glass spatula®2. The TMV
lesions were counted 5 to 7 days after inoculation
and the PVX lesions could be counted generally 8
days after inoculation.

Results

Direct sampling of yeast-RNA

In a preliminary experiment 1 mg of yeast RNA
in about 30 ul E + S; buffer was added with a micro-
pipette in the zone normally occupied by the RNA-
containing gel slices in the elution tube as shown in
Fig. 1. After electrophoresis 14 fractions were col-

lected from the bottom, each fraction containing
30 small drops. The fractions were diluted with
3 ml each of TP-buffer3? (pH 8.8). Measurement
of optical density of the samples showed that more
than 85% of the RNA was recovered in the frac-
tions 3,4 and 5 (Fig.2).

mg RNA ——>

— T T 1
4 5 6 7 14
Fraction number ——>

Fig. 2. Distribution of yeast RNA in the fractions collected
after electrophoresis using the arrangement shown in Fig. 1.
Yeast RNA (1 mg, in 0.1 ml E4-S; buffer) was added with a
micropipette directly to the zone where the gel slices (G) are
shown in Fig. 1. After electrophoresis most of the RNA had
accumulated in the lower part of the elution tube and the
fractions 3, 4 and 5 collected from the bottom contained more
than 85% of the input RNA.

Elution of TMV-RNA

In a typical experiment 8.8 ug TMV-RNA (dahle-
mense strain Eogyum/Eogonm = 2.16) in 20 ul buffer
was added to the top of 2.2% polyacrylamide gel
and after a 3.5 hour electrophoresis only the uni-
form RNA band with a symmetrical scanning pat-
tern in the Chromoscan at about 25 mm from the
top of the gel was cut out in slices, as described
under Material and Methods. No clear second RNA
peak was detectable by scanning at 265 nm, although
the possible presence of small amounts of other RNA
species (presumably some aggregates and accom-
panying low molecular weight RNA species) was
indicated by the uneven baseline. The gel slices were
put between the foam rubber cylinders for elution
of the RNA as shown in Fig. 1. Of the 15 fractions
collected from the bottom, the fractions 3 to 6 con-
tained most of the infectious material (Table I). To
calculate the percentage of recovery of infectious
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Table I. Infectivity of TMV-RNA eluates on Xanthi tobacco.

Fraction Lesion number RNA conc.  Quantity of
No. per leaf in RNA in
+ SEa inoculum P ugec

1 0 0 0

2 0 0 0

3 276%. 73 0.21 0.42

4 202.5+33.8d 1.56 3.12

5 163.8+t21.8¢ 1.26 2.52

6 46.4* 3.9 0.36 0.72

7 9.0+ 1.7 0.07 0.14

8 6.1* 1.3 0.05 0.10

9 <2 — —
10—15 <1 — —

a Average of 8 test leaves each. SE = Standard error of the
mean. b Calculated on the basis of infectivity, since the con-
trol sample containing 0.2 ug TMV-RNA/ml produced on the
average 25.8 lesions per leaf. ¢ The volume of inoculum being
2ml in each case, the amount of RNA in ug is numerically
double the concentration in the previous column. d,e The
values 202.5 and 163.8 are derived from 20.25 and 16.38
lesions respectively obtained with a 1:10 dilution of the in-
ocula. The corresponding undiluted inocula produced 156.5 *
17.6 and 130.8%+10.9 lesions respectively. Lesion numbers
below 100 were preferred for calculations, as explained in the
text.

RNA in the fractions the infectivity was compared
with control samples of the same TMV-RNA that
were not run in gels. 25 ul of TMV-RNA solution
(= 11 ug RNA) was taken in a centrifuge tube,
diluted with 1 ml of E+S; buffer, mixed with
100 ug yeast RNA and precipitated with 2 volumes
of ethanol. Washing and drying was performed as
usual and the final sediment was taken up in 5.5 ml
tris-phosphate buffer (pH 8.8). Assuming a quanti-
tative precipitation of TMV-RNA, this solution
would have a maximum concentration of 2 ug TMV-
RNA per ml. It was diluted further to 10™! and
1072 and tested on Xanthi tobacco leaves. The
average number of lesions produced by the three
solutions and the standard errors of the means were
159.4%20.7, 25.8:4.7 and 3.51 0.6 respectively.
The numbers are not strictly proportional to the
dilution factor but it is known, that lesion numbers
below 10 and above 100 per test leaf are not always
proportional to the concentration of inocula 3% 34,
For calculation of the concentration of RNA in the
eluate fractions, therefore, the value 25.8 lesions for
0.2 ug RNA/ml was taken as standard. Since each
eluate was taken up finally in a volume of 2.0 ml
TP-buffer before bio-assay, the concentration of
RNA in the fractions could be calculated from the
average number of lesions as shown in TableI.

From TableI it can be seen, that the fractions
3,4, 5 and 6 together can account for 6.78 ug RNA,
this being 72% of the 8.8 ug used for gel electro-
phoresis. In other experiments, sometimes under
slightly different conditions, the recovery was be-
tween 30 and 70%.

Infectivity distribution of PVX-RNA in eluates

Between 10 and 50 ug samples of PVX-RNA were
run in gel and scanned as described for TMV-RNA.
The RNA containing zone was cut into slices and
elution was carried out as before. The distribution
of infectivity is shown in Fig. 3. It is obvious, that

Lesions per leaf ——>
w BN o
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T T T

N
o
T

o
T

—
1 2 3 4 5 6 7 8 9 101 15
Fraction number —>

Fig. 3. Distribution of infectivity in the fractions collected
after elution of PVX-RNA from polyacrylamide gel using the
arrangement shown in Fig. 1. Lesion numbers are the averages
of 8 test leaves (Chenopodium urbicum) each. The standard
errors of the means are indicated. Most of the infectious
material was recovered in the fractions 3 and 4.

most of the infectious material is contained in the
fractions 3 and 4. For comparison, control samples
of PVX-RNA were precipitated without passing
through gel and tested on the local lesion host,
Chenopodium urbicum. On the basis of infectivity,
37 to 85% of the PVX-RNA originally added to the
top of the gel for electrophoresis in different trials
could be accounted for in the fractions 3 to 6.

Evidence for homogeneity of the viral RNAs

Although the symmetrical scanning patterns of
the viral RNAs speak for a homogeneous RNA spe-
cies, the possible existence of two RNA components
with almost equal electrophoretic mobilities deserves
consideration. In other words, the resolving power
of the electrophoretic method might not have suf-
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ficed to separate two components with molecular
weights of the order of, say, 1.9-10% and 2.1-108
daltons. With the RNAs of Bromegrass mosaic virus
Lane 3> found, that the apparently uniform peak of
the high molecular weight BMV-RNA (Bockstahler
and Kaesberg 36:37) was really composed of two
RNA species of mol. wts 1.09-10% and 0.99-106
daltons. If the bands of TMV- and PVX-RNAs each
has two components, only one of them being in-
fectious, the distribution of infectivity within the
" band would hardly be expected to coincide with the
optical density pattern. Moreover, if the infectivity
were dependent upon the presence of two RNA com-
ponents of different molecular weights, a higher in-
fectivity could be expected after mixing. RNA-frac-
tions from the faster and the slower ends of the
RNA band. To test this possibility, the gel slices
cut in succession from the band were grouped into
5 or 6 fractions as shown in Fig. 4. The eluate of

250 -106
200}~ 7 @
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Fig. 4. Optical density pattern and distribution of biological
activity of TMV-RNA after electrophoresis in 2.2% polyacryl-
amide gel. Abscissa: Distance in cm from the top of gel after
electrophoresis for 3 hours. Ordinates: E,g; values (right)
relating to the drawn out curve and lesions per Xanthi leaf
(left) of the six fractions cut out from gel. Cf. also Table II.

each was tested for infectivity after precipitating
the viral RNA with added yeast RNA as described
before and dissolving each in an equal volume
(generally 4.0ml) of tris-phosphate buffer of pH
8.8. Fig. 4 indicates a close relationship between the
optical density and biological activity. Infectivity
of some of the combinations of the fractions is
shown in Table II. A mixture of equal volumes of
fractions 2 and 4, for example, produced exactly
the expected number of lesions, namely 1/2 (L, +
L,), where L, and L, indicate the average number
of lesions produced by the eluates from regions 2
and 4 of the RNA band. If one end of the band con-
tained a qualitatively different kind of RNA with a
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Table II. Distribution of infectivity within a TMV-RNA band
after electrophoresis.

RNA-Fractions Average number of lesions * SE *
and some
1:1 mixtures Experimentally found Calculated

1 20.8+ 3.5 -

2 61.4+10.7 -

3 150.5+£23.7 -

4 211.4+27.8 .

5 139.9+21.6 -

6 304t 6.8 -
146 23.8%t 3.9 25.6
145 86.31+10.0 80.3
245 135.1+16.7 100.7
244 137.5+t14.4 136.4
3+4 155.0+19.4 180.9
3+6 72:3110.2 90.4

* Infectivity of six serial sections from the band of TMV-RNA

in polyacrylamide-gel. None of the 1:1 combinations pro-

duced significantly more lesions than calculated. Details in

text. The lesion numbers refer to those produced per whole

leaf of Xanthi tobacco and are averages of 8 leaves in each
case.

different molecular weight, and they were capable
of mutually enhancing the infectivity, in a way simi-
lar to that known for multicomponent systems, the
lesion number would have been higher than that ex-
pressed by the above formulation. This was tested
for both TMV- and PVX-RNA and in no case a
significant increase of infectivity was obtained by
combining the RNA fractions from the two ends of
the band.

Discussion

The elution method described here is essentially
similar to that of Hjertén 23, in that the nucleic acid
is electrophoresed to accumulate over a sucrose-con-
taining buffer layer. The advantages of the present
set up consist in the simplicity of the apparatus and
the use of foam rubber to hold the gel slices easily
in position. The good preservation of biological acti-
vity and the high percentage of recovery of nucleic
acids indicate that the method could be widely used
to suit specific requirements. A direct quantitative
comparison with the data of Hjertén is not possible,
as nucleic acids were not included in his experiments
for biological assay.

The addition of yeast RNA for co-precipitation of
viral RNA with ethanol does not affect the bio-assay
of the two plant viruses tested here, but this practice
may not be universally applicable. No attempt was
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made to remove sucrose from the RNA samples
recovered by precipitation with ethanol. An in-
creased infectivity of viral RNA due to the presence
of sucrose under certain conditions was reported %,
although this effect was hardly significant in the
presence of phosphate3®. Moreover, the control
samples of TMV- and PVX-RNA in the present
study were also mixed with a sucrose-containing
buffer before treatment with ethanol. One disadvan-
tage of electroelution from acrylamide gel lies in
the accumulation of some contaminants along with
the nucleic acids over the sucrose cushion, observed
by many other workers. Whatever may be the nature
of these contaminants, arising probably from in-
completely polymerised acrylamide, they do not
significantly affect the infectivity of the viral RNAs
tested. However, it was observed that, if a large
number of gel slices are stuffed in the elution tube,
e.g., when the gels were overloaded with a large
amount of RNA, both the elution pattern and the
percentage of recovery of infectious RNA are poor.
A reestimation of the degree of recovery of the
microgram quantities of viral RNAs by measuring
their ultraviolet absorption was not possible due to
the presence of such contaminants and also due to
the proportionately much higher UV-absorption of
the added yeast RNA. The foam rubber pieces
get clogged with use; so that they have to be
thoroughly cleaned and boiled with distilled water
between experiments and preferably replaced by
new ones from time to time.

The fact that often 70% or more of the infectivity
could be recovered from the main peak alone (of
high molecular weight RNA of TMV and PVX) fits
the hypothesis that even if other nucleic acid com-
ponents are present in the total RNA preparation
they do not contribute significantly to the biological
activity. Total unfractioned nucleic acid preparations
from virus infected hosts are known to contain
several kinds of virus-specific nucleic acids, some of
which are present in very low concentrations and
are detectable by labelling with radioactive precur-
sors 40, Some of these species of nucleic acids are
intermediates in the replication process, others may
have some specific function, but only when at least

1 J. B. Bancroft, The Molecular Biology of Viruses, Symp.
Soc. Gen. Microbiol., L. V. Crawford and M. G. P. Stocker
eds., pp. 229 —247, Cambridge Univ. Press, London 1968.

2 R. M. Lister, Proc. Fed. Amer. Soc. exp. Biol. 28, 1875
[1969].
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two of them are known to be encapsidated in the
virions and mutually enhance the infectivity, they
can be considered as constituting integral parts of a
multicomponent system. In RNA preparations from
purified virions of TMV small amount of a com-
ponent with an electrophoretic mobility slower than
that of the main RNA has been observed 442, It
might be an artifact, since it is generally absent in
most of our samples (cf. also ref. 43). The experi-
mental data do not also support a possible existence
of two RNA species (of TMV and PVX) with clo-
sely similar molecular weights. No evidence was ob-
tained in favour of the observations of Fowlks and
Young #, who found two almost equally large sepa-
rate TMV-RNA bands after electrophoresis.

In multicomponent type viruses the increase in
infectivity by combining the proper components is
of the order of ten times or more. If, therefore, TMV
and PVX had at least two distinct components each,
necessary for biological activity, the infectivity of
the single RNA component isolated after gel electro-
phoresis could hardly be expected to be more than
10% of the unfractionated RNA. Although the
present results at the nucleic acid level support the
one-component hypothesis, the enhancement of in-
fectivity by shorter nucleoproteid particles of TMV
reported by other workers 1% 1! deserves further in-
vestigation. The present results indicate that it is
possible to recover microgram quantities of biologi-
cally active viral RNAs using the elution procedure
standardised here.
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