EXPERIMENTAL GENETICS

ASSOCTATION BETWEEN GROUP G CHROMOSOMES, ESPECIALLY CHROMOSOME G21,
AND SUSCEPTIBILITY OF HUMAN CELLS TO COXSACKIE B VIRUSES

Ya. E. Khesin, A. M. Amchenkova, N. E. Gulevich, and UDC 578.085.23:576.858
A. N. Narovlyanskii

‘The R method of differential staining of chromosomes by length was used for

a comparative study of karyotypes of human cells of the J-96 strain and the
J-41 cell line obtained from it, which is specifically resistant to Coxsackie
B viruses. It was shown with a high degree of statistical significance (P <
0.0001) that the G21 chromosome was eliminated from the chromosome sets of
the resistant cells. The number of other chromosomes in individual cells of
the cultures varied, but they were constantly present in most cells of both
lines tested. It is concluded that the susceptibility of human cells to Cox-
sackie B viruses is mainly linked with the G21 chromosome.
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The study of the association between susceptibility of cells to viruses and template
activity of particular chromosomes began in the West in 1970. The use of the method of inter-
specific hybridization of cells ¢n vitro with the aid of Sendai virus and the use of dif-
ferential staining of chromosomes by length showed which chromosomes were in fact respon-
sible for .the susceptibility of human cells to a particular virus. As yet only isolated
papers on this problem have been published. Miller et al. [14], for instance, after study-
ing the susceptibility of clones of hybrid human—mouse cells to poliovirus compared this
property with the karotype and concluded that the genes coding cell receptors for polio-
virus are located in the F19 chromosome. A group of French workers has studied a similar
problem [9]. After adetailed virological, biochemical, and karyological study of hybrid
clones these workers concluded that besides chromosome F19, chromosome G21 also plays a def-
inite role in the susceptibility of cells to poliomyelitis virus. 1In this connection it
should be noted that as long ago as in 1970, Kusano et al. [13], using old methods to stain
chromosomes, linked the localization of the gene responsible for susceptibility of human
cells to poliomyelitis virus with a group of small acrocentric chromosomes, which is knowm
to include chromosome G21.

Carrit and Goldfarb [8] showed that susceptibility to herpes virus in hybrid human—mouse
clones is linked with the presence of human A3 chromosome in the karyotype. Finally, in a
review of human gene mapping published in the Proceedings of the 1975 Baltimore Conference
[11] it is stated that susceptibility of human cells to ECHO-11 virus is linked with the
presence of the F19 chromosome.

However, in the USSR investigations of this type began much earlier. Since 1963 under
Academician of the Academy of Medical Sciences of the USSR V. D. Solov'ev's direction an
extensive virological, morphological, cytochemical, and karyological study has been under-
taken of cell cultures acquiring specific resistance, as a result of experimental procedures,
to the cytopathogenic action of certain viruses [3, 4]. 1In the course of these investiga-
tions it was found that acquisition of resistance to Coxsackie B viruses by cells is ac-
companied by characteristic changes in cell metabolism, coupled with a decrease in the
modal number of chromosomes; a decrease in the number of small acrocentric chromosomes of
the G group, i.e., the 21st and 22nd pairs, was most constantly observed [6, 7, 12].

Laboratory of Cytopathology, Department of Virology, N. F. Gamaleya Institute of Epi-
demiology and Microbiology, Academy of Medical Sciences of the USSR, Moscow. (Presented
by Academician of the Academy of Medical Sciences of the USSR V. D. Solov'ev.) Translated
from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 86, No. 11, pp. 577-579, No-
vember, 1978. Original article submitted December 2, 1977.

0007-4888/78/8611-1493$07.50 © 1979 Plenum Publishing Corporation 1493



TABLE 1. Comparison of Number of
Chromosomes of Group G in Culture
of J-96 Cells Susceptible to Cox-
sackie B Viruses and in Cell Line
J-41 Resistant to These Viruses
Obtained from It

Number of .
chromosomes 3-96 d-41
0 0 12
1 0 i3
2 8 7
3 13 3
4 9 0
5 3 0
MEtm 3.31%£0.16 1,03%0.16

Legend. Number of metaphase
plates containing corresponding .
number of group G chromosomes in
35 plates in each culture is
shown

TABLE 2. Comparison of Number of Chromosomes of 21st and 22nd
Pairs in Cultures of J-96 Cells Susceptible to Coxsackie B
Viruses and J-41 Cells Resistant to These Viruses

Number of J-a6 J-s1
chromosomes 21 22 21 22
] 0 0 28 12
1 16 15 5 13
2 17 15 2 7
3 2 5 0 3
M=m ] 1,57 =0,10 1,71 =0,12 0,26=0,09 1,03-0,16

Legend. Number of metaphase plates containing correspond-
ing number of G21 and G22 chromosomes in 35 plates in each
culture is shown,

The object of the present investigation was to undertake a detailed study of chromosomes
of the G Group in a cell line which had acquired resistance to Coxsackie B viruses, using
modern methods of differential linear staining.

EXPERIMENTAL METHOD

Strain J-96 of human reticular cells, highly susceptible to Coxsackie B viruses (a
heteroploid culture with modal class of 58-62 chromosomes) and cell line J-41 obtained from
this culture, specifically resistant to the same viruses (a heteroploid culture with modal
class of 52-57 chromosomes), were used for the investigation. The last cell line was ob-
tained by Solov'ev and Gulevich [5] by the action of Coxsackie B3 virus on J-96 cells.

Preparations for karyological analysis were obtained by the usual method with modifi-
cations due to the special features of the object. After comparing the results of the R
and G methods of differential linear staining of chromosomes [10, 15] the first was chosen,
for it enabled the 21st and 22nd pairs of chromosomes to be more clearly distinguished in
the cells.

The specimens were treated during the first 3 days after fixation of the chromosomes
in accordance with the following scheme: 1) rinsing in distilled water and immersion in
Earle's solution (10 times concentrated Earle's solution, diluted 1:10 with distilled water,
and adjusted to pH 6.5 with phosphate buffer) at 87.5°C for 40 min; 2) washing in tap water
and then in distilled water; 3) staining by Giemsa's method for 12 min (4 ml of the standard
stain + 4 ml phosphate buffer, pH 6.5, + 92 ml distilled water). In each culture 35 meta-
phase plates with a chromosome number lying within the modal class was chosen.
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EXPERIMENTAL RESULTS

In the first part of the investigation the number of chromosomes of the 21st and 22nd
pairs was counted in susceptible and resistant cultures. It will be clear from the data in
Table 1 that cells of the initial susceptible J-96 culture contained from 2 to 5 chromosomes
of the G group. The resistant J-41 culture contained a large number of metaphase plates
without chromosomes of the G group or contained only one chromosome each of this group.
Statistical analysis showed that the mean number of chromosomes of the G group in the re-
sistant culture J-41 was significantly smaller (P < 0.0001) than in the susceptible J-96 cul-
ture. It must be pointed out here that Buzhievskaya [2], who used the G method of differen-
tial staining of chromosomes, failed to find any chromosomes of the G group in the meta-
phase plates of resistant J-41 cells which she studied.

By the use of the new methods of linear staining of chromosomes the writers' previocus
view {6, 7, 12] regarding the link between susceptibility of human cells to Coxsackie B
viruses and chromosomes of the G group, was thus confirmed and given added precision. To
this it can be added that the number of chromosomes of the G group evidently is independent
of the total number of chromosomes in the cell. For example, the maximal number of chromo-
somes of the G group in these observations, namely five was found in J-96 cells containing
both 58 and 62 chromosomes.

In the next part of the investigation the object was to determine with which chromo~
some of the G group, the 21st or 22nd, susceptibility of the cells to Coxsackie B viruses is
connected. The data in Table 2 show that cells of the susceptible J-96 strain contain about
equal numbers of chromosomes of the 21st and 22nd pairs. 1In cells of the resistant J-41
strain, however, the number of chromosomes of the 21st pair was statistically significantly
smaller (P < 0.0001).

The number of chromosomes of the remaining groups in the cultures studied varied from
one cell to another, as is generally the case with individual cells of stable cell lines.
However, for none of these chromosomes could it be said of the G2l chromosome that it was
present in most of the susceptible and absent in most of the resistant cells. Consequently,
the data given above show with a high degree of statistical significance %hat the suscepti-
bility of human cells to Coxsackie B viruses is mainly linked with the G21 chromosome.

As regards about 20% of the resistant cells in whose chromosome sets chromosome G2l was
still present, there is reason to suppose that these chromosomes or, at least, their loci
connected with coding of the cell receptors for Coxsackie B viruses, are in a state of deep
repression. This assumption follows logically both from the data given in this paper and
also from data published elsewhere [9, 14]. This of course does not mean that the suscepti-
bility or resistance of human cells is linked exclusively with one G21 chromosome taken in
isolation. On the contrary, the whole experience of modern genetics is evidence that the
phenotypic manifestation of any feature, more especially such a compelx feature as suscepti-
bility to a given virus, "depends on all the genes of the genotype as a whole, even if de~
pendence on some genes was imperceptible'" [1]. Elucidation of the role of other chromosomes
in the manifestation of features of cell metabolism coded by genes of the G21 chromosome,
‘which ultimately determine the susceptibility or resistance of human cells to Coxsackie B
viruses, will engage the writers' attention in the near future.

In conclusion a few words must be said about methods used to study the role of definite
chromosomes in the formation of susceptibility or resistance of cells to viruses. It was
stated above that the few investigations so far conducted into this problem have used the
method of interspecific cell hybridization. The method used in the present writers' experi-
ments is similar-in essence to that just mentioned: It also is based on comparison of the
chromosomal sets of cells which possessor have lost their susceptibility to a given virus.
However, during interspecific hybridization of cells chromosomes of the other species of
animal interact with the human chromosomes, whereas in the objects used in the present in-
vestigation the specific interchromosomal interactions are preserved. In the writers' view,
preservation of physiological interchromosomal interactions plays an important role in the
objective sutdy of the nature and mechanisms of specific resistance of cells to viruses.

LITERATURE CITED

1. B. L. Astaurov, Zh., Obshch. Biol., No. 2, 139 (1968).
2. T. I. Buzhievskaya, Tsitol. Genet., No. 2, 125 (1977).

1495



3. V. D. Solov'ev, Vestn, Akad. Med. Nauk SSSR, No. 7, 27 (1976).
4. V. D. Solov'ev, N. B. Varshaver, and N. E. Gulevich, Vopr. Virusol., No. 5, 580 (1963).
5. V. D. Solov'ev and N. E. Gulevich, in: Symposia of the 9th International Congress of
Microbiology [in Russian], Moscow (1966), p. 407.
6. V. D. Solov'ev and Ya. E. Khesin, Vestn, Akad. Med. Nauk SSSR, No. 10, 20 (1970).
7. Ya. E. Khesin, A. M. Amchenkova, N. V. Karazhas, et al., Tsitologiya, No. 11, 1382
(1972).
8. B. Carrit and P. Goldfarb Nature, 264, 556 (1976).
9. P. Couillin, A. Boud, N. Van Cong, et et al., Cytogenetics, 16, 111 (1976).
10. B. Dutrillaux and J. Lejeune, C. R. Acad. Sci. (Paris), 272, 2638 (1971).
11. '"Human gene mapping. 3," Cytogenetics, 16, 1 (1976).
12. Ya. E. Khesin, A. M. Amchenkova, and G. P. Sovjetova, J. Gen. Virol., 24, 17 (1974).
13. T. Kusano, R. Wang, R. Pollack, et al., J. Virol., 5, 682 (1970).
14. D. A, Miller, 0. J. Miller, V. G. Dev. et al., Cell 1, 167 (1974).
15. M. Seabright, Lancet, 2, 971 (1971).

GEOMETRIC COMPLEMENTATION OF THE PRIMARY MOLECULAR STRUCTURES OF
HISTONES H2A, HZB, H3, AND H4 AND SOME POSSIBLE CONSQUENCES OF THIS
PHENOMENON

D. M. Spitkovskii UDC 577.112.823

Conformity between the geometries of arrangement of extended sequences of
basic and nonpositively-charged amino acids along the polypeptide chains
of histone H2A, H2B, H3, and H4 molecules, forming the protein skeleton
of the nucleosomes, discovered for the first time, are described in this
paper. The number of histone packing variants in the tetramer satisfying
the conditions of complementation discovered is 10, and in a histone
octamer 10® respectively. It is postulated that the structural hetero-
geneity of the nucleosomes may have functional significance and that the
choice of packing variant of their protein skeleton can take place by
mechanisms of allosteric regulation or of the primary structure of that
part of the DNA molecule which is a component of the nucleosome.

KEY WORDS: nucleosome; histones; code; regulation: complementation.

In recent years substantial progress has been made in the elucidation of the structure
of the elementary deoxyribonucleoprotein (DNP) fibril which lies at the basis of organiza-
tion of the eukaryote chromosome. This fibril has been shown to be a chain of repeating
DNP subunits (nucleosomes) with a definite number of DNA molecules between them. Yet in-
formation at present available provides no grounds for the determination of the specific
functions of the nucleosomes. They are ascribed mainly a structural role (DNA packing).
This suggestion is based on at least two theses: a) the constancy of composition of the pro-
teins in nucleosomes and b) the structure of nucleosomes is independent of the primary
structure of their DNA components.

However, these theses do not take into account a further possibility, to be described
below, which is a consequence of relationships discovered by the writer between the geom-—
etries of arrangement of extended sequences of nonpositively-charged amino-acid residues
along the polypeptide chains of four types of histones participating in the formation of
the protein skeleton of nucleosomes.

Laboratory of Molecular Biology, Institute of Medical Genetics, Academy of Medical
Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences
of the USSR S. S. Debov.) Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny,
Vol. 86, No. 11, pp. 579-583, November, 1978. Original article submitted April 12, 1978.

1496 0007-4888/78/8611-1496$07.50 © 1979 Plenum Publishing Corporation



