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-ON THE TRANSFER OF GENETIC TRAITS BY MEANS OF RNA
ISOLATED FROM INFLUENZA VIRUS

[Following is the translation of an article by M. I. Sokolov,

R. Ya. Podchernyajieva and L. K, Menshikh, Institute of Virology,
imeni D, I. Ivanovskogo AMN USSR, Moscow, published in the
Russian-language periodical Voprosy Virusologii (Problems of
Virology) No. 2, 1965, pages 139-142, It was submitted on 26

June 1964. Translation performed by Sp/7 Charles T. Ostertag, Jr,/

A number of authors have convincingly demonstrated that the material
carrier of heredity in viruses is nucleic acid and that the RNA, isolated
from a number of viruses, possesses infectious properties. Contradictory
data has been obtained concerning the infectious ability of RNA from the
influenza virus [1,3,5.6,9,10 T1/.

We were not able to isolate infectious RNA from influenza A and A2
viruses by the method of Gierer and Schramm. In the present investigation
an attempt is made to clear up the possibility of the transfer of traits
with the help of influenza virus RNA during joint cultivation with infectious
virus, and also during the administration of the RNA from the 2 viruses,

Materials and Methods

The possibility of the transfer of traits with the help of RNA-con-
taining preparations was studied on surviving tissue from the choriocallantoic
membrane of a chick embryo and in a cell culture of chick fibroblasts. The
experiments were set up in 2 variations: In one case the RNA of influenza A
virus and the infectious virus of A2 influenza were administered to the
tisgue culture, and in the second case - the RNA of both influenza viruses
(A and A2), Controls were tissue cultures, inoculated with infectious
virus, RNA, and RNA with RNAase.

The RNA was isolated by the method of cold phenol extraction set up
by Gierer and Schramm [27 with certain changes introduced by Portokala [I7
and Maassab [J]. For the experiments we used the virus strains of influenza
A (WSN) and A2 (F3). Their properties have been described earlier (7. As
is seen from Figure 1, the RNA preparations had an absorption spectrum with
a maximum of 258 ma, which is typical for nucleic acid., The ratio of the
5258/5280 and the Emax/Emin equalled approximately 2, which corresponds to
pure high-molecular preparations of RNA. The isolated preparations yielded
a negative reaction to protein [H/. As a control we used preparations of
RNA, treated with RNAase ('"Reanal' firm) in a concentration of 25 )lg/ml.
Contact with RNAase was for 2 hours at room temperature,

Hybridization, selection and the study of the properties of hybrid
variants were carried out by methods which we described earlier, used for
the crossing of inactivated and infectious virus [Z,4].
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The RNA was introduced in a nondiluted form in a volume of 0.2 ml, and
the infectious virus - in a dose of 5 x 104 {n the same volume. The RNA
and virus were administered simultaneously or with an interval of one hour.

Results

We carried out 6 experiments of hybridization on the chorioallantoic
membranes of chick embryos and 3 experiments on a culture of chick fibro-
blasts. Each variant of the experiment and the control was set up in &4
test tubes with tissue culture.

The results of our {nvestigations showed that during the joint culti-
vation of infectious influenza A2 virus with the RNA of A virus the infec-
tious virus was exposed in the cultural fluid both during cultivation on
choriocallantoic membranes and in the tissue culture of chick fibroblasts.
With the administration of the RNA from both viruses (A and A2) the
infectious virus was detected only after one passage on chick embryos of
the cultural fluid taken from test tubes with the chorioallantoic membrane.
Following the administration in tissue culture of RNA and RNA together with
RNAsse (control) the infectious virus was not isolated after 4 passages on
chick embryos.

During the joint cultivation of the RNA from influenza A virus with
the infectious A2 virus, variants were isolated which possessed the anti-
genic properties of the latter. A number of biological properties were
studied in the bred hybrids,

It was cleared up that following the administration into a tissue cul-
ture of RNA, isolated from the inhibitor-resistant strain of the A influenza
virus and the infectious inhibitor-sensitive A2 virus strain, inhibitor-
resistant strains are formed which preserve the antigenic properties of the
A2 influenza virus.

We also studied the transfer of the thermo-resistance of hemagglutinins
and infectious properties of the virus at 56°, The results of these experi-
ments are pre-ented in the table, from which it 1is seen that the thermo-
resistance of the infectious properties and the hemagglutinins in the hybrid
strains was somewhat higher than in the original ones,.

During the hybridization of RNA, isolated from the WSNA-1 strain, which
possesses a high activity of multiplication in chick embryos, with the F3A2-1+
strain, with a low infecting ability, it was possible to systematically
transfer this property to the latter. In 3 out of 5 hybrids the infectious
titer rose by 2-3 lg in comparison with the initial strain (Figure 2),

The problem concerning the possibility of the transfer or pathogenic
properties for mice was cleared up on the same hybrid strains as when
studying the transfer of infecting ability. Following the hybridization of
a preparation of RNA from the WSNA-1 strain and the infectious PjAZ-l*vtrua.
out of the 5 hybrid strains studied 4 acquired the ability to cause the
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death of mice following intranasal infection. Virulence in the various .
hybrid strains was not the same (from 10-1.5 to 10-3.5), One of the hybrid
strains (GgA2-17) possessed the same virulence (LD5010'3-5) as the donor
strain from which the RNA was extracted.

For increasing the virulence the variants were passaged through the
lungs of mice. Passages of lung suspension were carried out after 48 hours,
After 3 passages the GjA2-1- hybrid, which was non-pathogenic for mice,
acquired a weak pathogenicity (LD5010'1-25 , and in another hybrid (G3A2-17)
the virulence increased by 2 1g (LDS 10-3. Y. Parallel passages of the
strain-recipient on mice did not lead to their acquisition of pathogenic
properties,

In 2 hybrid strains (G,A2-1" and GSAZ-I') the antigenic and immunogenic
properties were checked in immunization experiments on mice. One variant
(G3A2-1’) possessed the same antigenic and immunogenic activity as the strain
(WSNA-1") from which the RNA was extracted., Mice, imnunized with this variant,
were resistant to 7 x 103 LDg;/0.05 ml of a virus (strain M3g) which was
pathogenic for them, The antibody titer in the sera of the immunized mice
was the same as in the donor strain., On the other hand, the second hybrid
(GZAZ-l'), based on {mmunogenic properties, came close to the stirain-recipient
F3A2-1%,

As was already noted above, following the administration of RNA-containe
ing preparations of type A and A2 influenza virus into a tissue culture, the
infectious virus was not isolated in passaging in chick embryos. However,
following the administration of RNA from the WSNA-1" strain and the RNA from
the F3A2-1+ strain with an i{nterval of one hour, in 2 tests out of 5 after
one passage in chick embryos a virus strain of influenza A was isolated
which possessed a number of properties (hemagglutinating activity of chick
erythrocytes, resistance to inhibitors of normal horse serum, infectiousness
for chick embryos, pathogenicity for wice), characteristic for the WSNA-1"
strain, At the same time this variant did not cause the death of mice
following intracerebral infection and in contrast to the WSNA-1" strain
possessed a resistance on the part of the hemagglutinins and infectfous
properties to heating at 56°, characteristic for the F3A2-1+ strain,

The titer of antibodies in the sera of mice, immunized with this variant,
was the same as in the initial WSNA-1" strain, however, their resiatance to
a pathogenic virus (fM,3) was comsiderably weaker in comparison with that
which was caused by the initial WSNA-1" strain., Consequently, the type A
variant lost neurotropic virulence for mice and acquired a thermo-resistance
characteristic for the A2 virus, Along with this, it preserved antigenic
activity with a considerable loss of immunogenic properties.

Conclusions

The possibility has been established for the systematic transfer of
hemagglutinating capability, inhibitor~ and thermo-resistance, and i{nfectious
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. ‘and i{mmunogenic activity during hybridization with the help of RNA con-
taining preparations, obtained from the viruses of influenza A and A2, In
a number of cases the transfer of pathogenicity for mice was observed, and
wmore rarely - the transfer of neurotropic virulence.
Literature
1. Zh.matov, Kh, Zh,, Vestn. AN Kazakhsk., SSR,, 1962, No. 5, p 10,
2. Podchernyayeva, R. Ya,, Sokolov, M, I,, Vopr, virusol., 1963,
No. 6, p 697,
3. Dortokala, R,., Boyeru, V., Samuel, I,, Ibid, 1960, No. 2, p 178,
4, Sokolov, M., I., Podchernyayeva, R. Ya., Davydova, A. A., Ibid.,
1963, Ro. 5, p 547.
} S. Sokolov, M. I., Podchernyayeva, R. Ya., Ibid., 1964, Mo, 1, p S0.
i
i 6. Ada, G, L., Lind, P, E,, Larkin, L,, et al,, Nature, 1959, v 184,
: p 360.
. 7. Gierer, A., Schramm, G., Z. Naturforsch., 1956, Bd 11b, S 138,
H
: 8. Lowry, O. H,, et al,, J. biol, Chem., 1951, v 193, p 265.
9. Maassab, H. G., Proc. nat, Acad. Sce, (Wash.), 1959, v 45, p 877.
i 10. Idem., J. lmmunol., 1963, v 90, p 265.
t 11, Sokol, F., Szurman, J., Acta virol., 1959, t 3, p 175.




T RN i —— v

’

*y

Oninuvecnan n/mmna:mu’}
oo o R
2889888

200 20 250 260 270 260 250 300 vee
g ;

”a lalau@

Figure 1, +Ul‘t:r'a.v-:'.olet spectrum of absorption of an RNA preparation from
the FaA2-1" strain, a - optical density; b - wave length,

Figure 2. Infectious titers of initial and hybrid strains,
I - donor WSNA-1"; II - recipient F;A2-17; III - hybrids: a - GjA2-17,
b = GoA2-17, ¢ = G3A2-1", d =~ G4A2-1=, e - GsA2-1-,
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Thermo-resistance of hemagglutinins and infectious properties at 56

Strain
Dornor Recipient Hybrids
g | _WSNA-1~ | FaA2-1" | GjA2-1” GpA2-1" | G3h2-1" | G4A2-1"
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V' {As| & |2 (& |2 |8 |2 |8 &8 |2 | 8|¢8
: 5 80 + | 40 + |320 |1+ 40 + 320 + |1280 | +
\ 10 40 + | 40 | + |32 + 0 | + 320 + |1280 | +
20 10 - | 40 + | 320 + 40 + 160 | + 640 | +
] 30 10 - 20 - 160 + 40 + 160 | + 640 | +
60 - - | 20 | - 160 | + 40 + 160 | - 320 | -
120 - - | 20 | - |160 | - 2 | + 80| - 320 | -
180 - - - - - aves - - - -mes - - -

Note: The titers of the hemagglutinins are
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expressed in reverse values,




