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ABSTRACT

The importance of DNA in biological problems has led to numerous attempts to study the
morphology of DNA with different physical techniques. Under special eonditions of prepara-
tions Hall and Litt (1958) obtained electron micrographs of salmon sperm DNA having a
diameter of 20 A in conformity with the Watson-Crick (1953) model. Other physical measure-
ments like light scattering, viscometry, ultracentrifugation, ete., are related to the size and
shape of this macro-molecule in solution (Jordan 1960). However, the interpretations here
are not unambiguous (Sadron 1960). In most of these physical experiments, supporting
electrolytes (usually 0-2M NaCl) are added to the aqueous solution of DNA, in order to suppress
the electrostatic charge interaction effects between individual macro-molecules; the macro-
molecules can then be regarded to behave independently of each other as required by the
theory, On the other hand, the addition of an electrolyte to DNA solution might also
cause binding of electrolyte ions with DNA (Jordan 1960).

On account of these difficulties of interpretation, it was considered worth while to study,
under the electron microscope and the ultracentrifuge, the same DNA sample prepared under
ag identical conditions as possible. The present paper reports some interesting observations
made under these conditions.

MATERIALS AND METHODS

The sample of calf thymus DNA used in these investigations was obtained
from Mann Research Laboratories, N.Y. (Lot No. D3580). It was initially
dispersed in 0-001M NaCl solution to a concentration of 0-22 per cent and
allowed to stand at the room temperature for about 24 hours. Na(Cl was
then added to adjust the salt concentration to 0:2M. As an aqueous solution
of DNA in the presence of electrolytes does not immediately lead to a true
molecularly dispersed solution (Jordan 1960), the solution of DNA was
stored for several days in cold before sedimentation experiments. Ultra-
centrifugation was carried out with a Spinco Model E ultracentrifuge using a
Schlieren bar Philpot Svensson optical system. Sedimentation coefficients
were obtained by plotting logarithm of the distance of the boundary from the
centre of the rotor against time ¢ of sedimentation and using the relation
(Schachman 1959).

2-303 dlog x

§= w2 o4t

where § = sedimentation coefficient, » the angular velocity in radians/sec.
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Concentration of the -DNA solutions was measured with the help of a
Zeiss PMQ JI Ultraviolet Spectrophotometer. Optical densities were mea-
sured at 259 mu and the concentrations obtained by using the value of the
extinction coefficient for 1 g/{100 mt of DNA solution of path length 1 ¢m
ar =192 (Kay et al. 1952).

For electron microscopic studies. the specimens were sprayed from a
golution of 0-02 per cent DNA in 0-2M NaCl on carbon films mounted on
electron microscopic grids, with the help of an ultrasonic disperser working at
3 Mc/s. Some latex particles with a standard diameter of 2640+40 A were
then sprayed on the same grids, for aid in focusing and for calibration of
shadow geometry. The composite specimen grids were then shadowed with
platinum (10 em wire of 0-08 mm diameter placed at a distance of 6 cm at a
shadow to height ratio of 10 : 1). The specimens were micrographed with a
Siemens Elmiskop I at an electronic magnification of 20.000x and subse-
quently enlarged photographically.

RESULTS AND DI1scUSSIONS
Ultracentrifugal Studies :

Sedimentation experiments were done in the concentration range 0-04-
0-22 g/100 ml. Plate X1 shows a typical hypersharp boundary of the sediment-
ing DNA which is characteristic of highly polymerized particles. Table I gives
the values of concentration in g/100 ml deduced from U.V. absorption, the

TAaBLE |

Sedimentation constant values of calf thymus DN A in 0-2M
NaCl at different concentrations, 39,460 rev[min

|
. .
Concentration S‘sxfgc’iﬁellflg 1/8a0,
in g/100 ml .

units
0-216 5-15 0-1942
0-144 6-34 0-1577
0-108 6-90 0-1449
0-086 711 0-1406
0-065 7-82 0-1279
0-036 9-62 0-1039

sedimentation coefficients (Sgo, ,) and (1/820, ). Fig. 1 shows the variation of
(1/840,,) with DNA concentration (¢) which was non-linear. The extra-
polation value of (1/Ss, .) at zero concentration gave a value of S%,, , = 167
Svedbergs. This was in agreement with the results of the early workers
(Stern and Atlas 1953) who had used a similar concentration range for sedi-
mentation analysis of DNA.
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However, the more recent 8°, ,, value lies between 22 and 23 Svedbergs
(Doty 1957). The lower value in the present work is probably due to in-
sufficient data in the lower concentration region. Treating DNA as a rod-
like particle and accepting 0-55 as the partial specific volume, the axial ratio
of 470 is obtained (Doty 1957). Also on the basis of derivation of Peacocke
and Schachman (1954), the value of 8%, , around 20 Svedbergs leads to 25 A
as the diameter of the rod. Therefore, the average particle length of 11,700
A (Doty 1957) and diameter of 25 A are obtained as the size of DNA in
solution.
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Fig. 1. Plot of the variation of (1/S;9, w) With concentration (c) of DNA from calf thymus in
0-2M NaCl at 39,460 rev/min,

Electron Microscopic Studies :

Figs. 1, 2, 3and 4 in Plate XII show electron micrographs of calf thymus
DNA at different magnifications indicated by a p mark on the figures. Figs.
1 and 2 show electron micrographs of typical long fibres. The length of the
fibres in Figs. 1 and 2 are 25,000 A and 29,000 A respectively. There is
clear evidence that the fibres in Figs. 1 and 2 are composed of two branches
which cross each other at places. The line of separation between the two
branches of the fibre in Fig. 1 is seen to extend over a great length of the
fibre. The way in which the fibres are lying gives an indication of their
flexibility. The width of the gap between two branches of the fibre also
varies, but the maximum gap width is about 50 A.
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Sedimentation diagrams of DNA from calf thymu~. Concentration: 0-065 ¢ 100 ml ju 0-23 NaCi,
Npeed: 39.460 rev.min.
Exposures at fa) 220 1h) 300 {¢) 38 and (/) 46 min after <tart,  Sedimentation i< from right to left.
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Fies. 1-4, Electron micrographs of calf thymus DNA dissolved in 0-2M NaCl
Magnifications: Fig. 1—70.000 X ; Fig. 2—90,000 X ; Fig. 3-—200.000 X ; Fig. 4—60,000 X .
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Determination of the exact diameter of shadowed specimens from their
electron micrographs is difficult due to uncertainties in the deposit of metal
vapour. The apparent width of the fibre in Fig. 1 varies along the length of
the fibre. This variation in the apparent width is partly caused by the un-
even deposit of metal due to differences in orientation of the fibre with respect
to the shadowing beam. The deformation due to the deposit of metal vapour
is maximum when the fibre lies approximately perpendicular to the direction
of shadowing as at fg in Fig. 1, Plate XII and minimum when it coincides with
the direction of shadowing as at ab in the same figure.

After correction for the distortion in the diameter due to deposit of
metal vapour, the fibres in Figs. 1 and 2, Plate X1I, measure about 210 A If
the observed maximum gap width of 50 A is subtracted from the observed
value of fibre thickness ~ 210 A one finds that each branch of the fibre mea-
sures about 80 A. Thus the fibre seems to represent an aggregation of a’
number of DNA molecules along their length.

Fig. 3, obtained from the same grid from which Fig. 1 was ob-
tained, shows a broken fragment of the same order of thickness (each fibre
measuring 80 A, separation 54 A). The helical coiling of the branches is
clearly visible from this figure. Helical aggregation is usually noticed with
DNA which are associated with the protein histone (Wilkins 1959). A close
look at Fig. 3 shows that each individual branch of the helix is composed of
finer units as at B in Fig. 3. The picture gives a clear indication of the helical
aggregation of the two thick branches and hence it is logical to assume that
inside each branch of the fibre there is also coiling aggregation.

The small pieces of the long fibre shown in Figs. 3 and 4 are approxi-
mately of equal dimension. This proves that the probability of breakage
of the whole coiled unit is maximum at the narrowest region of the chain. .
This is possibly due to rotational motion of the coil in solution producing
a torque which brings about scission of the chain at these points.

Our results show (1) that side-to-side aggregation of calf thymus DNA in
presence of 0-2M NaCl salt takes place confirming Sadron (1960), (2) that
such gide-to-side aggregation is helical in nature, (3) also, as the DNA chains
are coiled in a branch, the probability of break at a single region is minimized
increasing the apparent stability of the DNA bundle, (4) that the breaks in the
chain usually occur at the narrowest region due to twists produced in solution,
(5) that there can be unwinding of the coil also (Fig. 1) if the twisting takes
place in a direction opposite to the direction of coiling, (6) that there is no
agreement between the dimensions of DNA macromolecule obtained from
hydrodynamic data as mentioned earlier and those obtained from electron
microscopy, when the DNA solution contains 0'2M NaCl.
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