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Satellite DNA components have been described in association with chlo-
roplast-containing cells of Fuglena gracilis (Brawerman & Fisenstadt, 19643
Ray & Hanawalt,1964; Edelman et al.,196l4) while mutants of Euglena which lack
the capacity for chloroplast formation also lacked detectable satellite
(Leff gﬁ_gl.,l963) or contained only a low molecular weight satellite DNA
(Ray & Hanawalt,1965). A satellite DNA of buoyant density 1.692 has been
shown to be associated with purified chloroplasts (Brawerman & Eisenstadt,
1964; Edelman et al.,1964) and to have a base composition similar to that of
the RNA of chloroplast-associated ribosomes (Brawerman & Eisenstadt, 1964)
which the authors thought suggestive of satellite DNA control of RNA synthe-
sis. GSatellite DNA has also been described in mammalian cells (Borst &
Ruttenberg, 1966; Flamm et al.,1966). It has been shown to be of nuclear
origin, easily renatureable and distinct from mitochondrial DNA (Flamm et al.,
1966). fThese observations, however, have not established the biological
role of satellite DNA.

This communication describes experiments designed to analyze the role
of satellite DNA in RNA synthesis by the technique of DNA-RNA hybridization.
DNA's from three distinct myeloma tumors and normal mouse thymus, all of which
have satellite components, were isolated and characterized. High specific

activity RNA from one tumor (MPCll) was also purified and fractionated for

¥ This work was supported by grant U-1647 of the Health Research Council of
The City of New York, by USPHS grant AI-01821-10 and by the Commission on
Immunization of the Armed Forces Epidemiological Board, and by the Office of
The Surgeon General, Department of the Army, Washington, D.C.
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use in hybridization experiments.

EXPERIMENTAL  The myeloma tumors MPCyy, MPC2 and BJ used in this study are
solid tumors carried by serial transplantation into Balb/c mice. The MPcll
synthesizes yG globuling; MPCQ, 7A, and BJ, primarily L-chains. Nuclei were
isolated from the three tumors and normal Balb/c thymus (Widnell and Tata,l964)
and their DNA's extracted by modification (Wallace & Birmstiel, 1966) of the
method of Marmur (1961). DNA's were fractionated by centrifugation in the
Spinco 40 rotor at 33,000 rev/min for 60 hr in & CsCl density gradient at 25°
(Flamm et al., 1966a). RNA was purified by modification of the hot phenol-SDS
procedure (Scherrer & Darnell,1962). Sedimentation of RNA through linear
sucrose gradients resulted in peak fractions corresponding to 28, 16, 10 and
4 § molecules. The 28, 16, and 10 § fractions were separately pooled, preci-
pitated with ethanol, resedimented through sucrose and the resultant homo-
geneous peak fractions employed. High specific activity RNA was obtained by

30

injecting mice intraperitoneally with 500 uc = P per mouse two hours prior

to sacrifice. Hybrids were formed by heating RNA and denatured DNA together
in 2 X 55C at 70° for 4 hr. This time and temperature were optimum for
hybrid formation. Hybrids were assayed for by the CsCl method of Wallace &
Birnstiel (1966) and by modification of the filtration technique of Gillespie
& Spiegelman (1965) for liquid hybrids. Both methods showed reasonable agree-
ment and therefore the latter procedure was employed throughout these studies.
RESULTS  The three tum&r DNA's display characteristic thermal denaturation
profiles in varying SSC concentrations with increases in hyperchromicity
between 30-40% and Tm's of 85° in 1 X Ss¢ (Figs. 1-3). It can be seen in
Fig. 4 that the tumor DNA's and normal thymus DNA each have a satellite com-
ponent of buoyant density in CsCl of 1.69 g/cm3 and g major band of buoyant

density of 1.70 g/cm3. A comparison of the G~C content as calculated from Tm

and buoyant density shows reasonable agreement for the major band DNA's but
consistently higher G-C values calculated from Tm's for the satellite DNA's

(Table I). Chemical analysis is now under way in an effort to explain this
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Figs.l-3. Thermal denaturation profiles of tumor DNA's in varying SSC
concentrations (SSC=0.15M sodium chloride and 0.015M sodium citrate, pH 7.0).
DNA's were dialyzed against the respective SSC concentrations for 36 hr at 0°,
Melting curves were determined in a Gilford Spectrophotometer equipped with
a thermosensing probe. Absorbances were corrected for thermal expansion.

THYMUS DNA BJ DNA

ABSORBANCE

Fig.4t. Densitometer tracings of DNA's
isolated from tumor and thymus nuclei
centrifuged to equilibrium in a CsCl den~
sity gradient. All samples were centri.
fuged at 44,000 RPM for 24 hr at 25° in
a Spinco Model E centrifuge equipped with
ultraviolet optics. M.lysodeikticus was

1.70
DENSITY (gm/cm3) used as a density marker.

.69 1.73 170 169

variation.
Percent composition analysis of tumor DNA's and normal mouse thymus DNA
(Table IT) reveals a higher satellite content in the tumor DNA's than in the

normel mouse tissue., The significance of this observation is not understood
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TABLE I
G-C
(Mole Percent) TABLE TI
Tm Buoya.nt Buoya.nt Percent
DNA (1.0x88C) density Tm density Composition
Major

DNA band Satellite
MPC11
Total 85 38.3 '
Satellite 86.5  1.602 k2 32.7 MPCyy  88.35  11.65
Major 86 1.702 Lo.7 k2.9

MPCp 89.65 10.35
MPCo
Total 85 38.3 BJ 88.10 11.90
Satellite 86 1.692 Lo.7 32.7
Major 86.5 1.702 ho k2,9 Thymus 92.60 7.40
BJ
Total 85.5 39.5
Satellite 88 1.693 k5.5 33.7
Major 87 1.702 h3.2 42,9

at present. In order to investigate the involvement of satellite DNA in RNA
synthesis, saturation experiments were conducted for both major band and
satellite DNA using 28, 16, and 10 § RNA's. The data is presented in Figs.
5~7. It is apparent (Fig.5) that 10 S RNA hybridizes with the major band
DNA only. The smount of hybrid formed with 16 S RNA and satellite DNA is
approximately four times that formed with the major band DNA (Fig.6). 28 8
RNA (Fig.7) hybridizes with both major band and satellite DNA, although

slightly more hybrid is formed with the major band.

CONCLUSIONS Experiments with bacteria (Yankofsky & Spiegelman, 1962;
Yankofsky & Spiegelman, 1963) and mammalian cells (McConkey & Hopkins, 1964)
indicate that there are duplicated cistrons which code for the synthesis of
ribosomal RNA. Davison (1966) using CsCl fractionated DNA from the same
bacterial source found that the DNA which hybridized with'ribosomal RNA was
distributed eccentrically in the band formed by the total DNA. This eccen=-
tric distribution was interpreted to mean that the duplicated segquences coding

for ribosomal RNA are adjacent. The existence of duplicated cistrons could
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Figs.5-7. Saturation curves for annealing major band and satellite MPC7yj
DNA with 10, 16 and 28 5 MPC11 RNA. 20ug aliquots of denatured DNA were mixed
with various amounts of labeled RNA in 2 X SSC and incubated at 70 for 4 hr.
Each point is the average of quadruplicate determinations which were corrected
for control values differing only by the absence of an annealing period.

account for the ease with which liver satellite DNA renatures (Flamm et al,,
1966). This satellite DNA (Flamm et al.,1966) is thought to be the same as
the "stable" DNA fraction of Welker and McLaren (1965). Walker and McLaren
(1965) have pointed out that & cleaner fractionation of "stable" DNA on hydro-

xyapatite occurs when the DNA molecular weight is reduced, because a larger
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proportion of the "stable" molecules are in the duplex state. In terms of
DNA-RNA hybridization, however, this reduction in DNA molecular weight would
minimize the chance for DNA-RNA duplex formation. It is for this reason that
the satellite DNA's in the present study were fractionated on CsCl with resul-
tant molecular weights in the 10-40 million range as compared to 200,000~
500,000 molecular weight fragments employed in the hydroxyapatite procedure.
SUMMARY The data in the present study is consistent with the concept of
duplicated adjacent stretches of DNA coding for 16 and 28 S ribosomal RNA.
The four-fold increase in hybrid formation between 16 S RNA and satellite DNA
strongly suggests that satellite DNA codes for this RNA. The capacity for
both DNA's to form hybrids with respect to 28 S RNA could mean that the DNA
stretches coding for 28 S RNA are adjacent to those coding for 16 S RNA but
are of slightly higher buoyant density. 10 S RNA appears to be coded for by

the major band DNA only.

ACKNOWLEDGEMENTS  The authors are deeply indebted to Drs. H.E. Bond, W.G.
Flamm, Nat'l. Cancer Inst. and Dr. D,E. Gray, Univ. of Minn. for their
valuable criticism and to Dr. H.E. Bond for carrying out the Model E analysis.

REFERENCES

Borst, P. and Ruttenberg, G., Biochim.Biophys.Acta, 114, €47 (1966).
Brawerman, G. and Eisenstadt, J.M., Biochim.Biophys.Acta, 91, W77 (1964).
Davison, P.F., Science, 152, 509 (1966).
Edelmen, M., Cowan, C.A. and Epstein, H.T., Proc.Nat.Acad.Sci., 52, 1214 (1964)
Flaym, W.G., Bond, H.E. Burr, H.E. and Bond, S.B., Biochim.Biophys.Acta,
123, 652 (1966).
Flamm, W.G., Bond; H.E. and Burr, H.E.,Biochim.Biophys.Acta, 129, 310 (1966a).
Gillespie, D. and Spiegelman, S., J.Mol.Biol., 12, 826 (1965).
leff, J., Mandel, M., Epstein, H.T. and Schiff, J.A., Biochem.Biophys.Res.
Comm., 13, 126 (1963).
Marmur, J., J.Mol.Biol., 3, 208 (1961).
McConkey, E.H. and Hopkins, J.W., Proc.Nat.Acad.Sci., 51, 1197 (1964).
Ray, D.S. and Hanawalt, P.C., J.Mol.Biol., 9, 812 (196%).
Ray, D.S. and Hanewalt, P.C., J.Mol.Biol., 11, 760 (1965).
Scherrer, K. and Darnell, J.E., Biochem.Biophys.Res.Comm., 7, 486 (1962).
Walker, P.M.B. and Mclaren, A., Nature, 208, 1175 (1965).
Wallace, H. and Birnstiel, M.L., Biochim,Biophys.Acta, 11k, 296 (1966).
Widnell, C.C. and Tata, J.R., Biochem.J., 92, 313 (19647,
Yankofsky, S.A. and Spiegelman, S., Proc.Nat.Acad.Sci., 48, 1466 (1962).
Yankofsky, S.A. and Spiegelman, S., Proc.Nat.Acad.Sci., &9, 538 (1963).

528



