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During the process of infection of EBscherichia coli with bacteriophage T2, about
T% of the total phage protein is injected into the bacterial cell together with the
phage DNA (Hershey, 1955). This protein is attached to the bacteriophage DNA and my
be dissociated by raising the concentration of NaCl or MgCly in the medium (Minagawa,
1961).

The function of the internal protein(s) is not known. Kellenberger (1961), sug-
gested that they might serve as "condensation principles®, bringing about the folding
of DNA during phage maturation. Another possibility to be considered is that the inter-
nal proteins might play a role in regulating the transcription of phage DNA (Chaproniere-
Rickenberg, Mahler and Fraser, 1964).

This comsmunication deals with an improved procedure for the isolation and purifica-
tion of the internal proteins. It will be shown that the purified internal proteins
(a) modify the structure of phage INA as reflected by changes in thermal denaturation
profiles (b) inhibit DNA dependent RNA polymerase.

E, coli B was grown with aeration at 37° in glycerol-lactate medium (Hershey and
Chase, 1952) and infected with T2 phages at & multiplicity of infection of 5. Chlore-
form was added to facilitate complete lysis, followed by centrifugation at 5,000xg for
10 min, The supernatsnt was brought to pH 3.9 by adding IN HCl (approximately 40 ml

per liter of lysate) snd kept at g for 24~36 hours. The precipitate which contained

596



Vol. 26, No. 5, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

the phages was collected by decantation, dialyzed against 0.0lM Tris-HCl buffer (pH 7.2)
for 72 howrs and purified by 5 cycles of low and high speed centrifugations (7000xg for
10 min and 13,000xg for 1 hours, respectively). The phages (0.5 - 20" plague forming
units/ml in 0.0IM Tris—HCl buffer, pH 7.2) were then added to an equal volume of 9M
glycerol and osmotically shocked by rapid dilution into 50 volumes of distilled water.
The suspension was concentrated by polyethelene glycol (m w 40,000), dialyzed against
0,01M Tris~HCl buffer, pH 7.2,for 24 hours and layered on a& top of 20% sucrose in 0.0IM
Tris—HCl buffer, pH 7.2. Centrifugations at 15,000xg for 2 hours brought about the
sedimentation of the "ghosts" which were discarded. The supernatant containing internal
proteins, bound to DNA, was dialyzed ageinst 0,001 M Tris-HCl buffer, pH 7.2, containing
0.3M MgCly, to dissociate the complex and to remove polyamines and small peptides. DNA

vas ‘sedimented by centrifugation at 100,000xg for 5 hours and the supernatant containing

0o 1 2 3 4 5 6 7 8 9
NUMBER OF EXTRACTIONS

Pig. 1 extraction of DNA from internal proteins. Internal proteins 320 /ug in 2.4 ol
0.01M Tris-HCl pH 7.2, were gently sheken with an equal volume of isoamyl alcohol-
chloroform (1:24) for 20 min at room temperature. Afier centrifugation at 10,000xg for
10 min, the DNA content of the supernatant fluid was determined spectrophotometrically

and by the diphenylamine method.
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the internal proteins was concentrated by polyethelene glycol to s concentrstion of 1 mg/ml
(Lovry et al, 1951) and dialyzed agsinst 0.01M T is-HCl buffer, pH 7.2. The proteins thus
obtained, still contasined DNA which was not dissociated by 0.3M MgCl; and was not degraded
by INase. To remove this bound DNA, the proteins were repeatedly extracted with equal
volumes of isoamyl alcohol-chloroform (1:24, vol/vol)., This treatment resulted in a
decrease of the DNA content to less than 0.5% (Fig. 1), as determined by the diphenylamine
method (Dische, 1930). These purified proteins were dissolved in 1/10x3SC pd 7.0 (0.015 M
sodium chloride in 0.0015M sodium citrate). Thermal denaturation studies were carried
out in a Hitachi Perkin Elmer spectrophotometer in stoppered quartz cells (10 mm light
path}, Fhage DNA was prepared by incubating T2 phages (10]'2 plaque forming units/ml, in
SSC) at 37° vith pronase (1 mg/ml), sucrose (final conceniration 27%) gnd sodium dodecyl
sulfate (final concentration 0.2%) for 7 hours (Berns and Thomas, 1965)., Proteins were
removed by three subsequent deproteinization with isoamyl alcobhol-chloroform and the re-
sulting protein-free DNA was dialyzed against 1/10xSSC pH 7.0 fo;' 10 hours. Samples
containing DNA (45 /ug/ll ) in 1/10xSSC were heated with various amounts of purified

internal proteins. It is evident from Fig. 2 that internal proteins caused a change in
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Fig. 2 Effect of internal proteins on thermal denaturation profiles. T2 DNA, (45 /ug/nl)
in 1/10xSSC was heated in the presence of internal proteins at various concentrations and
the gbsorbancy measured at 260 m e Control, DMA only, O~ - -03 DNA and internal

proteins,

.
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the denaturation profiles of the DNA. Internal proteins, 0.5, 2.0 and 10 /ug/ml reduced
the hypoohromicity by 4, 35 and 54% respectively, when the optical density, at 260 m /u,
of the native DNA wes 0.800 and that of the denatured control 1.020.

RNA polymerase was prepared according to Chamberlin and Berg (1962) to the second
ammonium sulphate step, This preparation was stored at -20° in e solution containing
0.01M Tris-acetate buffer, pH 7.3; 0.0IM magnesium acetate; 0.022 M ammonium chloride;
0.001M mercaptoethanol in 50% glycerol. This preparation was stable for at least ome
month and was dependent on DNA. The addition of internal proteins to a system contain-
ing RNA polymerase, T2 DNA and triphosphates, lead to a significant inhibition of RNA
synthesis. Internal proteins, 20, 10, 5 and 1 /ug inhibited RNA synthesis by 59, 49, 38
and 27% respectively (Fig. 3)s The internal proteins - DNA ratio in the intact phage is
approximately 1:20, similar to the ratio used in our experiments.

Our results indicate that internal proteins from T2 phages have at least two func~
tions. On one hand they modify the structure of the DNA and cause "condensation". On
the other hand they seem to play s role in regulating DNA transcription. It has already
been suggested by Kellenberger (1961), that internal proteins are the "condensation prin-
ciples"., This suggestion is supported by the findings of Chaproniere-Rickenberg, Mahler
and Fraser ' (1964), vho reported that internal proteins affected the viscosity of DNA,
Contrary to our findings, these authors could not detect any effect of internal proteins
on the thermal denaturation profiles. The different results may be due to differences

in the preparation of the internal proteins and the DNA. Our DNA preparation was free

of internal proteins unlike that used by Chaproniere-Rickenberg et al (1964), vho isolated
their DNA by phenol extraction. This procedure does not remove all the internal proteins
(Mandell and Hershey, 1960; Bachrach and Friedmann, unpublished results).

Internal proteins are rich in lysine and arginine (Coval, Mgller and Van Vunakis,
1960; Bachrach apd Friedmann, unpublished results) and it is therefore not surprising
that they associate with DNA and stabilize it against thermal denaturation, in analogy

to the action of other polycationic compounds (Tsuboi, Matsuo and Ts'o, 1966; Ohba, 1966).
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Pig. 3 Inhibition of RNA polymerase by internal proteins. The reaction mixture consisted
ofs 25 /umoles KCl; 12.5 /unolos Tris-HCl buffer, pH 7.5; S /mnoles Mg acetate; 1 /unolo
MaClp; 0.2 jamole of each iriphosphates, CIP, GIP aod UIP; 0,025 G M0 arp (1.4 /ug/ /40)
120 /o8 pbosphoenol pyruvate (PiP); 20 /8 PEPkinase; 20 /8 72 DNA in a final vol of
0.525 ml. This resction mixture vas incubsted st 37° with internal proteins (0.2 ml) for
30 min, followed by the addition of RNA polymerase (0.2 ml). After further incubation at
37° for 30 min, 5 ml of 5% trichloroacetic acid (TCA) wvas sdded to stop the reaction.
Samples were kept in an ice bath for at least 30 min and the precipitates were thén col-~
lected on Millipore filters. After washing with 25 ml chilled 5% TCA, the filters were
mounted on planchets and the radiocactivity determined in a Nuclear Chicago gas flow

counter.

Inhibition of DNA dependent RNA polymerase by basic proteins, such as histones, has
been described in mammalian systems (Huang and Bonner, 1962; Bonner and Huang 1963;
Allfrey, Littau, and Mirsky, 1963). Internal proteins seem to play the role of histones
in viral systems - both appear to control transcription. It is not clear as yet whether
internal proteins are bound to DNA at specific sites and regulate the reading of specific
functions, It is, however tempting to speculate that they might control the transeription

of late function genes at early times after infection., Although there is some experimental
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support in favor of this assumption (Bachrach and Friedmann, unpublished results), final

conclusion awaits further evidence,
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