LITERATURE CITED

1. P. D. Bonartsev, Zh. Nevropatol. Psikhiatr., No. 6, 878 (1973).
2. E. V. Gubler and A. A. Genkin, The Use of Nonparametric Criteria of Statistics in Med-
ical and Biological Research [in Russian], Leningrad (1973).
R. R. Lideman and L. L. Prilipko, Dokl. Akad. Nauk SSSR, 192, 938 (1970).
. D. V. Lozovskii, "Special biological features of the blood serum of patients with
schizophrenia,' Doctoral Dissertation, Moscow (1970).
5. V. A, Nasonova, Systemic Lupus Erythematosus [in Russian], Moscow (1972).
6. D. M. Spitkovskii, V. T. Andrianov, et al., Radiation Biophysics of Nucleoproteins [in
Russian], Moscow (1969).
7. D. M. Spitkowvskii, Vest. Akad. Med. Nauk SSSR, No. 1, 29 (1973).
8. K. N. Fedorova and V. M. Inshakova, Byull. Eksp. Biol. Med., No. 10, 97 (1974).
9. R. B. Khesin and B. A. Leibovich, Molekul. Biol., No. 10, 3 (1976).
10. W. H. Brooks and M. G. Netsky, J. Exp. Med., 136, 6131 (1972).
11. R. Dulbecco, Nature, 227, 798 (1970).
12, G. S. Liacco and P. ST~ﬁénconi, Folia Allergol. (Rome), 21, 71 (1974).
13. F. L. Moolthen and N. L. Bucher, Science, 158, 272 (1967).
14. Z. C. Omodei and A. Neri, Lancet, 1, 745 (1974).
15. H. M. Temin and R. W, Pierson, in: Growth, Nutrition, and Metabolism of Cells in Cul-
ture (ed. by G. H. Rothblat and V. J. Christofalo), Academic Press, Vol. 1, New York
(1972), p. 50.

ISOLATION OF CELLS MOST ACTIVELY SYNTHESIZING DNA
FROM HEMATOPOIETIC ORGAXS BY FRACTIONATION IN AN ALBUMIN
DENSITY GRADIENT

E. Yu. Moskaleva, V. K. Mazurik, UDC 612,4114612.4191.015.36:547.963.32
N. K. Evseeva, and V. M. Man'ko

Fractionation of suspensionsof rat bone marrow or spleen cells yielded fractions
in which activity of DNA-dependent DNA-polymerase and aspartate-carbamoyl trans-
ferase and incerporation of *“C-thymidine were two or three times greater than
in the initial suspension. Depending on the osmotic concentration of the orig-
inal 357 solution of bovine serum albumin, the cells synthesizing DNA most ac-
tively were concentrated in fractions Nos. 5-6 (370 milliosmoles) or Nos. 2-3
(380 milliosmoles),
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The problem of isolation, identification, and comprehensive investigation of the bio-
chemical properties of individual types of cells for subpopulations from hematopoietic or-
gzans has become increasingly urgent in hematology, radiobiology, and radiation medicine.
Recently several methods of fractionation of heterogeneous cell suspensions have been sug-
gested. By their use fractions partially enriched by cells of a given type can be obtained.
The most promising method of its kind seems to be that of cell fractionation in a bovine
serum albumin (BSA) density gradient [1].

The object of this investigation was to isolate cells from hematopoietic organs of rats
synthesizing DNA most actively. The intensity of DNA biosynthesis was judged from the ac-
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TABLE 1.

Characteristics of Fractions of Rat Bone Marrow and Spleen Cells after

Fractionation of Cell Suspension in BSA Density Gradients with Different Osmotic
Concentration (M + m)

. & = R
s1S 3 i Fractions
5285 £ original
Organ Index g }:,% 2 ;"c_: suspension
ggggg?:‘, Ne 24-3 Ne 4 X 5 N6 M 7—8
X QWU =
MO0 oo
Bone DNA content 350 100 (2) 30,9 32,8 17,9 7,8 10,4
marrow 360 100 (2) 28,3 25,3 26,4 11,7 5,7
370 100 (7) 28,2*1,9 | 15,6=2,4 | 20,0==7,7 | 12,4=2,6 21.1%3,0
380 100 (8) 11,0=1,7 | 13,0=0,9 | 21,7+6,6 | 20,9=1,2 33,079
Specific radioactivity
of DNA 370 160=11 (4) | 48=12 6921 133=39 211=%x97 1263
DNA -polymerase
activity 370 100==21 (8) | 54==10 677 161=13 13620 14642
380 100=6 (5) 198=31 132=33 12040 120=40 7827
Ratio between young and . :
mature forms of cells 380 0,36=0,01 |0,86=0,18; 0,64=0,08] 0,46=0,08| 0,37==0,07 | 0,39==0,09
ASCTase activity 370 100==19 (10)} 132=38 | 108%=21 | 159=39 26785 17477
380 100==26 (5) | 360==137 | 189=49 | 84=23 12155 82-:8
Spleen ' DNA content 370 100 (7) 17,120,9 | 15,222,2 | 18,7=3,4 | 14,7*=1,2 | 31,1=1,8
380 160 (8) 10, 32=0,8| 17,1==1,1 | 21,8%=5,9 | 15,3%+3,3 25,3%=8,7
Specific radioactivity
of DNA 370 100==11 (4) | 28,2=19,1| 88,6=23,0] 76,6==11,2] 128,82=20,3 | 110,0==20,0
(No. 2)
72,328,2
(No. 3)
DNA-polymerase
activity 370 100=36 {6) | 6726 70=18 106=18 179=50 267=117
380 10029 (5) | 221=12 141==38 138=35 133=4} 141239
AS8CTase activity 370 10038 (9) | 36=9 | 122248 | 149=31 372%117 | 333=8
380G 10035 (5} | 25685 180=x=77 148=32 118221 [89+=44
Legend. Biochemical indices shown in per cent of values for criginal suspen-
sion; ratios between cells in absolute units. Number of experiments shown in
parentheses.

tivity of DNA-dependent DNA-polymerase, an enzyme confirmed in DNA replication; from the ac-
tivity of aspartate-carbamoyl transferase (ASCTase), one of the enzymes of biosynthesis of
pyrimidine nucleotides acting as precursors of nucleie acids; and from the incorporation of
l4C~thymidine into DNA of different types of cells.

EXPERIMENTAL METHOD

Cell suspensions from hematopoietic organs were fractionated in a BSA density gradient
[1]. The method enables cells to be fractionated by creating gradients of density, pH, and
osmotic concentration. Mark A BSA from the Ola Chemical Reagents Factory or Fraction V from
Calbiochem, USA, was used. The osmotic concentration of the various solutions was deter-
mined by a cryoscopic method [2]. Suspensions of rat bone marrow or spleen cells in Hanks's
solution were filtered in the cold through four lavers of Capron gauze and a No. 2 glass
filter, cornnected by centrifugation, and resuspended in 177 BSA. DNext, (2-2.53) - 108 nu-
cleated cells in 1.5 ml 17% BSA were layered above a stepwise gradlent (19-35%) of albumin
and centrifuged (30 min, 1000g, 10°C).

To determine the morphological composition of the original suspension and of the cell
fractions obtained from it, films fixed and stained by the May—Gruenwald—Romanovsky method
were examined under the microscope. The specific activity of DNA-dependent DNA polymerase
and of ASCTase was determined in the supernatant after centrifugation of cell homogenates
for 1 h at 105,000g. The methods of determination of enzyme activity and protein and DNA

~content and the methods of statistical analysis were described previously [3]. The number
of hematopoietic stem cells in the various fractions was estimated from their ability to
form colonies in the spleen when transplanted into lethally irradiated mice [4].

To investigate the intensity of incorporation of labeled thymidine into DNA, 1 h before
sacrifice the rats were given an injection of 5 uCi '“C-thymidine, the DNA content and its
radioactivity were determined in the acid-insoluble fraction of the cells, and the specific
radiocactivity of DNA was calculated from their values.
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EXPERIMENTAL RESULTS AND DISCUSSION

As a result of fractionation of the bone marrow and spleen cells nine fractions of
cells concentrated at the fractionation boundaries between BSA layers of the following den-
sities were obtained: No. 1 between the 17 and 19% solutions, No. 2 between the 19 and 21%,
and so on, No. 9 between the 33 and 35% solutions.

Fraction No. 1 contained mainly cell fragments and usually it was not analyzed. Frac-
tions Nos. 2, 3, and 7-9 were pooled because of the small quantity of material. The quan-
titative distribution of the cells between the individual fractions depended to a consid-
erable degree on the osmotic concentration of the albumin solutions, which was determined
by the concentration of salts in the original 35% BSA (Table 1).

When the osmotic concentration of 357% BSA was increased from 350 to 380 milliosmoles
cells were observed to move from the upper into the lower layers and this was accompanied
by a change in the morphological composition of the fractions. For instance, after frac-
tionation of bone marrow cells in 357 BSA with an osmotic concentration of 370 milliosmoles,
fractions Nos. 2-5 contained mostly lymphocytes, Nos. 4-5 erythroid cells, Nos. 6-7 consisted
to the extent of 60~-66% of myeloblasts, and fractions Nos. 7-9 contained megakaryoblasts and
megakaryocytes. Fractionation of a suspension of spleen cells under the same conditions
gave 69-767 of lymphocytes in fractions Nos. 2-6; young forms were grouped in fractions Nos.
5-6 and small lymphocvtes in fractions Nos. 2-3.

When 357 BSA with an osmotic concentration of 380 milliosmoles was used the largest
number of bone marrow cells of the erythroblastic series (45-52%) was contained in fractions
Nos. 2-3. The number of young forms of cells of both erythroblastic and myeloid series was
increased simultaneously in these fractions (Table 1). The increase in the number of young
forms in fractions Nos. 4-5 was due entirely to cells of the myeloid series. Myeloid cells
were found in fractions Nos. 5-6 and megakaryoblasts and megakaryocytes in fractions Nos.
7-9. Young forms of spleen cells were concentrated in fractions Nos. 2-4 and small lympho-
cytes in fractions Nos. 4-5 and 5-6.

The fractions obtained were thus considerably enriched in particular types of cells.
Depending on the osmotic concentration of the original 35% BSA, blast forms were concen-
trated either in fractions Nos. 5-6 (370 milliosmoles) or in fractions Nos. 2-3 (380 mil-
liosmoles).

In experiments on transplantation of rat bone marrow and spleen cells or mouse spleen
cells and of individual fractions of the cells from these organs into mice irradiated with
a minimal absolutely lethal dose in order to determine the ability of the cells to form col-
onies in the spleen of the irradiated recipients it was found that the cells were viable and
that the largest number of colonies, calculated per 10° transplanted cells, was given by
fractions Nos. 2 and 3, 4-20 times greater than the number formed by cells of fraction No.
7 (370 milliosmoles). It follows from Table 1 that the level of activity of enzymes of DNA
biosynthesis and the intensity of incorporation of '“C-thymidine into DNA differed in in-
dividual fractions by as much as twice or three times, and they differed by the same number
of times from the results for the original suspension.

Irrespective of the fractionation conditions complete correlation was constantly ob-
served between the changes in DNA-polymerase and ASCTase activity in the individual frac-
tions of rat bone marrow and spleen cells.

The most intensive DNA biosynthesis, as reflected in the parameters studied, was found
in fractions Nos. 5~6 when the cells were fractionated by the use of 35% BSA with an os-
motic concentration of 370 milliosmoles, or in fractions Nos. 2-3 if 35% BSA with an osmotic
concentration of 380 milliosmoles was used. The distribution of the cells by intensity of
DNA biosynthesis thus corresponded to an increase in the populations of blast cells.

To separate the cells synthesizing DNA most actively it was more convenient to use 35%
BSA with a higher osmotic concentration (380 milliosmoles), for the cells separated under
these experimental conditions were concentrated in the upper fractions and the number of
layers of albumin of differen* density could be reduced.

It must be emphasized that during fractionation of organs so different in their mor-
phological composition as the bone marrow and spleen, cells synthesizing DNA most actively
from both organs were concentrated in the same layers of the gradient. It can be concluded
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from these findings that cells in the G, or S period have certain physicochemical features
that are independent of the source from which they were isolated.

Fractionation of cells in a BSA density gradient thus not only yields fractions en-
riched in morphological elements or stem cells of one particular type, but also enables pop-
ulations synthesizing DNA most intensively to be isolated for investigation.
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