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Nucleotide Composition of Short Segments
of DNA Molecules

Yusr Mivazawa Axp C. A. THOMAS, JR.

Biophysics Department, Johns Hopkins University
Baltimore, Md, 21218, U.S.A.

(Received 24 August 1964)

A column has been devised which fractionates duplex DNA segments of about
200,000 molecular weight with respect to their characteristic denaturation
temperature and hence composition. This fractionation has been applied to a
number of different phage and bacterial DNA’s and the degree of compositional
heterogeneity measured. The segments show a relatively broad distribution and
the composition of segments from one species of DNA overlap those from
another. This is in contrast with the compositions of high molecular weight
segments which show high species specificity. This fractionation procedure has
been applied to A DNA, and the composition of some genetically deleted segments
has been determined.

1. Introduction

When the DNA molecule making up the bacterial or bacteriophage chromosome is
broken by the shear often involved in the isolation procedure, the resulting duplex
segments can have different nucleotide compositions characteristic of the part of
the intact chromosome that they represent. Current DNA preparations (Marmur,
1961; Berns & Thomas, 1965) produce relatively long segments, which are
10 to 400 million in molecular weight. The composition of each segment is the average
of a very large number of AT and GC pairs comprising many genes. Gradient equili-
brium centrifugation (Rolfe & Meselson, 1959; Sueoka, Marmur & Doty, 1959;
Schildkraut, Marmur & Doty, 1962) and thermal denaturation (Marmur & Doty,
1959) experiments have shown that the composition of these long segments shows
extreme species specificity. Two species of micro-organisms having DNA’s which
differ in mean nucleotide composition by 109, have very few large DNA segments
with the same composition (Doty, Marmur & Sueoka, 1959; Sueoka, 1961,1964).
In order to draw conclusions about the coding potential and molecular systematics
of DNA, one would like to know the nucleotide composition of very short segments
of DNA of the length of single genes or smaller.

To gain some information on this point we have fractionated sonic fragments of
DNA molecules on hydroxyapatite columns. The column was arranged in such a way
as to allow denatured DNA to pass through freely while totally retaining the duplex
fragments. This column was surrounded by a water jacket, and the temperature of
the column could be increased gradually to slightly over 100°C. At each temperature
a certain fraction of the duplex segments was denatured and washed through the
column. The resulting chromatogram as a function of temperature proved to be
almost exactly the derivative of the increase in optical density as a function of
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temperature—the optical “melting” curve—and samples collected at higher tempera-
tures could be shown to have a proportionately higher mole fraction of guanine -+
cytosine. This procedure actually fractionated the short segments with respect to
their nucleotide composition, and the thermal chromatogram was a reflection of the
relative abundance of the compositional classes.

2. Methods
Purification of phage and phage DN A

Lysates of Xcb27b5" and Acb2b5 (Kellenberger, Zichichi & Weigle, 1960,1961a,b) were
prepared as previously (MacHattie & Thomas, 1964). Such lysates seldom contained
more than 3% 101° phage/ml., but they were easily concentrated by the following pro-
cedure, suggested by Bernardi (1964, unpublished work). After treatment with about
10pg/ml. of RNase and DNase and filtration through an HA Millipore filter covered by
5 mm of Celite, the filtrate was adjusted to 0:01 M in phosphate buffer, pH 6-8. Approxi-
mately 2 ml. (packed volume) of hydroxyapatite was added to each 100 ml. of filtrate
and gently agitated for 15 min at room temperature. More than 959%, of the phage became
adsorbed to the hydroxyapatite crystals, which were allowed to settle and the supernatant
fraction was discarded. The hydroxyapatite was resuspended in 0-020 m-phosphate buffer.
A liter of 1-0 m-phosphate buffer contained the following: 0-50 mole NaHPO,, 0:50 mole
NaH, PO,, 10ml. 1-0 m-tris, pH 7-4, 10 ml. 0-10 M-MgSO,, 20 ml. 59, NaCl. The suspension
was loaded on a column and washed with the same solvent until the eluate showed no
ultraviolet absorption. At this point the column was washed with 0-10 M-phosphate buffer
and the optical density and titer of the fractions were measured. More than 909, of the
phage was recovered by this procedure, and the ratio of the optical density at 260 mp to
plaque-forming units (optical cross-section) was measured. Values of 0-31 and
0-25 x 10~ 11em?/plaque-forming unit were observed for Acb2b5" and Acb2b5 respectively.
The ratio of these numbers is nearly the ratio of the DNA contents of these two phages.
A similar procedure could be applied to T2 and T5 bacteriophage, but in this work they
were grown and purified by differential centrifugation as before (Thomas & Rubenstein,
1964).

The phage DNA was extracted by rolling with phenol at 60 rev./min (Frankel, 1963)
and the phenol was removed by dialysis. The DNA which remained in the aqueous layer
was further purified by chromatography on hydroxyapatite or methylated bovine serum
albumin columns (Mandell & Hershey, 1960).

Bacterial DNA’s

The DNA from bacteria was extracted with phenol after lysis by sodium lauryl sulfate
and digestion with pronase (Berns & Thomas, 1965). The aqueous layer was then treated
with boiled RNase and the bacterial DNA separated by chromatography on hydroxyapa-
tite. Alternatively, DNA preparations were made by the procedure of Marmur (1961)
and purified on hydroxyapatite.

Fragmentation by sonic treatment

The DNA solution, after purification by hydroxyapatite chromatography, contained
0-30 m-phosphate buffer. Concentrated NaCl was added to adjust it to 0-15 M, and 2 to
4 ml. of this solution was chilled and bubbled with nitrogen for 10 min. Sonic treatment
was performed with a Mullard Sonicator, 3/4 inch probe for 2 min at full intensity. This
resulted in no increase in the optical density and no denaturation of the DNA as judged by
chromatography on hydroxyapatite. The fragments have a sedimentation coefficient in the
analytical centrifuge (S2°) of 6s and 6-1s in sucrose gradients. This corresponds to a
molecular weight of 200,000 (Doty, Rice & McGill, 1958).

Preparation of hydroxyapatite

The following procedure is a slight modification of that proposed by Tiselius, Hjerten
& Levin (1956). Approximately 400 ml. of water were poured into a 4-l. glass beaker.
Into this, 2000 ml. each of 0-50 M-Na,HPO, and 0-50 m-CaCl; was added by two separatory
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