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Iilectron microscopy was done on T-7 bacteriophage DNA, as released by
osmotic shock on water hypophase, following the ‘protein monolayer’
technique. Under certain conditions the osmotic shock method efficiently
released the entire DNA content of the virus. The electron micrographs
showed various conformations of the DNA genome. The number of mole-
cules per phage was found to be unity. The molecular length, averaged
from the measurements on 77 completely released molecules, was found to
be 12:7210-96 p giving the molecular weight 24-33 + 1.84 million.

IxTRODUCTION

The technique of ‘osmotic shock’ has been very useful in inactivation
studies of bacteriophages (Anderson 1949 and 1953; Leibo and Mazur 1966),
The biology and chemistry of bacteriophages also have been extensively studied
with the help of this method (Hershey and Chase 1952). In recent years,
Kleinschmidt et al. (1962, 1965) introduced this method in electron microscopy
for the studies of the DNA genomes from various viral sources. In this
method the possible degradation of DNA molecules, due to chemical and
mechanical handling involved in chemical extraction, can be avoided; further
a very small amount of the sample is necessary, and the method is complete
in itself.

Smallness of size of T-odd bacteriophages was supposed to be responsible
for their resistance to osmotic shock (Anderson 1949). In the present work,
attempts have been made to disrupt the T-7 bacteriophage by osmotic shock
method in order to investigate the characteristics of the released DNA genome
by electron microscopy. The micrographs furnished useful information

-about the conformation of the DNA, its length and the number of DNA
molecules per bacteriophage.

MATERIALS AND METHODS

Preparation of purified T-7 bacteriophage—Escherichia coli B, the host
organism, was grown in nutrient broth at 387 °C in 1,000-ml batches on a
rotary shaker. At the log phase of growth (titer 3x108/ml) the culture
was infected with T-7 bacteriophage (the original sample of which is a gift
from Prof. Arabinda Guha). The phage was purified and concentrated by
differential centrifugation between the speeds of 20,000 r.p.m. for 2 hr and
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30,000 r.p.m. for 1 hr. The bacterial debris was removed by centrifuging the
phage at 8,000 r.p.m. for 15 min prior to differential centrifugation. Host
RNA and DNA were removed by separate treatment with ribonuclease
(507/ml) and deoxyribonuclease (5y/ml). The phage was stored cold over
chloroform in a solvent containing 0-1 M NaCl, 0-1 M PO,-buffer, pH 7-4.

U.V. absorption, ultracentrifugal and electron microscopic characterization
of T-7 bacteriophage—The U.V. spectrum of the phage, in the range of 200
to 300 mp, was obtained with a” PMQ II Zeiss Spectrophotometer. The
phage was run in a Spinco model E analytical ultracentrifuge fitted with
U.V. optics, using 30 mm aluminium centre-piece, 4° sector. The photographs
were scanned with Hilger microdensitometer and S-value was calculated
using 50 per cent boundary. A drop of well-dispersed T-7 phage solution
was placed on specimen grids coated with carbon film. The phages settled
on the film within a few seconds; then the solution was soaked away with a
piece of filter paper. The grids were negatively stained with 1 per cent PTA
(pH 7) and then seen under Siemens Elmiskop I at magnifications of 8,000,
20,000 X and 40,000 .

Electron microscopy of DNA released from osmotically ruptured T-7
bacteriophage—At first the technique of Kleinschmidt ef al. (1962) was tried.
But the modification introduced by Caro (1965) gave better results. The
phage (concentration 5x 10°/ml) was mixed with 5~7 M ammonium nitrate
solvent. 0-2 mg/ml of cytochrome-c was added to this and the suspension
was kept at 4 °C for nearly an hour. The suspension was spread at room
temperature on the surface of triple-distilled water, taken in a Langmuir
trough. 0-2 ml to 0-5 ml of this spreading suspension was allowed to run down
a wet glass slide which was inserted partially into the water surface in an
inclined way. The movement of the invisible protein-film was visualized
from the movement of tiny pieces of aluminium foil sprinkled previously
about 5 cm away from the film. The use of the aluminium foil pieces instead
of powder, which is generally used, was helpful in avoiding powder-contamin-
ation. The film was allowed to age for 10-15 minutes and then picked up
by touching lightly carbon-coated electron microscope grids. The adhering
water was soaked away from the grids by touching the surface of absolute
alcohol for 20-30 secs. The grids were then shadowed with 5 A of 10 per cent
Ir-Pt alloy at an angle of about 6°. The metal was allowed to evaporate
when the grids were rotating in the vacuum chamber. The electron micro-
graphs were recorded in a Siemens Elmiskop I, operated at 60 kV and at

8 magnification of 8,000,

ExPERIMENTAL RESULTS

Fig. 1 is the absorption spectrum of the virus in the range of 200 to 300 mp.
The curve shows a minimum at 240 mpg and the ratio of 0.D. (260)/0.D.
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(280) equal to 1-53, characteristic of bacterial virus. These indicate also the
purity of the phage preparation (Sinsheimer 1959). The curve shows two
maxima, one at 259 mp and the other at 206 mp. These correspond to the
X- and Y-peaks of a pure DNA sample (Basu and Das Gupta 1967). The
sedimentation pattern of the purified phage preparation was characteristic of a
homogeneous sample and its sedimentation coefficient extrapolated to zero
concentration at 20 °C (S, ) was 427 8.
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F1a. 1. TUltraviolet absorption spectrum of T-7 phage solution.

Plate I is an electron micrograph of the phage particles obtained by
negative staining with phosphotungstic acid. Many of the phage particles
have hexagonal cross-section and some of them show a diffuse tail. The
particles have been measured across the flat faces giving the average diameter
as 522450 A. Fig. 2 is a histogram showing the distribution of the measured
diameters. Plate II is a characteristic micrograph of the osmotically released
DNA. The field shows that all the viruses are disrupted, but the extent
of release varies with different viruses. The central portion of the field shows
a completely released DNA molecule. When a drop of methyl alcohol was
added to the virus-protein mixture just before spreading on the water surface,
then the DNA release was more perfect, as most of the DNA molecules asso-
ciated with the virus-ghosts are of full length. Plate I1I shows two completely
released DNA molecules and two protein coats lying close to them.

2B



Sinma, Misra & Das Gupra. Proc. Indian natn. Sci. Acad., Vol. 36, B, Plate 1.

Electron micrograpls of T-7 phage obtained after negative staining with 1 per cent
phosphotungstic acid (pH 7). Magnification 100,000 x .
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It is observed in Plate Il that every DNA genome associated with the
incompletely disrupted phages has one or two ends and never more. This
indicates that each phage particle contains only one DNA molecule. Pre-
parations containing very small concentrations of the phage always showed
a single DNA molecule in the vicinity of a protein coat. Plate IV shows a
full length DNA molecule passing through an apparently empty protein coat.
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Fie. 2. Histogram showing the
distribution of dimension of T.7
phage measured on electron micro-
graphs obtained after negative staining
with phosphotungstic acid.

The released DNA, as found associated with the incompletely disrupted
phages, has in general the conformation as shown in Plate II. But in a few
cases, a well-oriented conformation is found as shown in Plates V and VI,

A few molecules of DNA, released by osmotic shock method, were found
to have clear denatured regions where strands have separated over short
lengths. Plate VII shows such a molecule with a number of denatured
regions marked by arrows.

The completely released molecules have been measured by a map-distance
measuring device. Fig. 3 is a histogram showing the distribution of the
lengths of the molecules. The average length was found to be 12:7240-96 p.
The error in the measurements was calculated to be less than 10 per cent.
Assuming that the DNA in wet condition has B-crystallographic configuration,
the molecular length to molecular weight conversion factor becomes 1-913
million daltons per micron length (Langridge et al. 1960). The resulting
molecular weight came out as 24-3341-84 million.
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A typieal electron micrograph of the osmatically released T-7 DNA. The ficld shows that all
phages are disrupted, but to different extents. Magnification 44,000% .
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This electron micrograph shows two completely relensed DNA molecules. The two protein coals
are observed in the vicinity of the molecule. Magnification 64,000x .
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A full-length DNA molecule associated with its protein coat. DMagnification 80,000x .
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Two phages with their associated DNA genomes. One of the genomes shows a distinctive
orientation. Magnification 48,000 x.,
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A phage associated with incompletely released DN'A genome which has a
remarkable orientation. Magnification 80,000,
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A completely released DNA molecule with clear regions where strands have been
separated (marked by arrows). Magnification 64,000 x .
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Disoussion

T-odd bacteriophages are known to be resistant to osmotic shock
(Anderson 1949). The present experiment showed that by proper choice
of both the solute and the molarity of the solvent, T-7 bacteriophage could
be disrupted osmotically to release its DNA content partially or fully. The
phages, when incubated in 4-6 M-ammonium acetate, were found to release
their DNA content only partially; but ammonium nitrate within the same
molarity range resulted in effective release of the DNA. Caro (1965) made
the same observations in the case of A phage.
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Fie. 3. Histogram showing the
distribution of measured lengths of T-7
DNA molecules completely released by
means of osmotic shock.

The length and the form of T-7 DNA, as obtained from osmotic shock,
were the same as in the case of the DNA extracted by phenol (Misra ef al.
1969). The same observations were also made by Kleinschmidt ef al. (1962)
in the case of T-2, Kleinschmidt et al. (1965) for SPV and by Caro (1965) in the
case of A phage. The superiority of the osmotic shock technique to the phenol
extraction method, so far as the length and the form of the DNA molecules
are concerned, lies in the fact that the former avoids various sorts of chemical
and mechanical handling.

Tikchonenko et al. (1966) found spectrophotometrically that the DNAs of
T-2 and S, phages in situ were slightly hyperchromic compared to their
extracted genomes. But this hyperchromicity vanished as soon as the DNAs
of these phages were excreted into the medium. In our case, some electron
micrographs showed denatured regions in the form of single-stranded loops
along the duplex molecules but such denatured regions were absent from
the electron micrographs of chemically isolated T-7 DNA molecules dispersed
by Kleinschmidt technique under identical conditions (Misra ef al. 1969).
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However, slight local denaturation during the sample preparation procedure
cannot be ruled out (Kleinschmidt ef al. 1965). The lengths of 77 full-length,
osmotically released T-7 DNA molecules were measured and the average
length was found to be 12-7240-96 p. In a previous communication (Misra
et al. 1969) measurements on 46 such molecules were reported. The measure-
ments of more molecules added to the accuracy and the reliability of the results.
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