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ABSTRACT

A bacteriophage (T@3) which infects the thermophilic bacterium
Bacillus stearothermophilus ATCC 8005 was isolated and characterized.
Infection of the bacterium by the bacteriophage was carried out at 60°C,
the optimum growth temperature of the host. At 60°C the phage has a
latent period of 18 minutes and a burst size of about 200. The phage
is comparatively thermostable in broth. The half l1ife of the phage is
400 minutes at 60°C, 120 minutes at 6500, 40 minutes at 70°C and 12
minutes at 75°C. The activation energy for the heat inactivation of
T@3 is 56,000 cal. The buoyant density of T@3 in a cesium chloride
density gradient is 1.526.

Electron micrographs of T@3 indicate that the phage has a regular
hexagonal shaped head 57 mp long. The morphology of the head is
compatible with icosahedral symmetry. FEach edge of the head is 29 mu
long, and there are 6 or 7 subunits along each edge. The tail of T@3
is 125 my long and 10 my wide. There are about 30 cross striations that
are spaced at 3.9 my intervals along the tail.

The DNA of phage T@¥3 has a melting temperature of 88.5°C. Heat
denatured T@3 DNA can be exténsively annealed in a high ionic strength
environment. The buoyant density of T¢3 DNA iﬁ a cesium chloride
density gradient is 1.695. T@®3 DNA contains: 42.7% guanine plus cyto-
sine, as determined from the melting temperature; 43% guanine plus
cytosine, as determined from the buoyant density; and 40.2% guanine
plus cytosine, as determined by chromatographic separation and spectro-
photometric estimation of the bases. The molecular weight of T@3

DNA is 16.7 X 10° as determined from the band width of the T@3 DNA
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concentration distribution in a cesium chloride density gradient. Elec-
tron microscopy of T@3 DNA revealed a single linear molecule that is
11.7 p long. This corresponds to a molecular weight of 22.5 X 106,

Heat denatured T@P3 DNA forms two bands in a cesium chloride density
gradient,'one at a density of 1.707 and the other at a density of 1.715.
After the separéted bands are mixed and annealed in the centrifuge cell,
the renatured T@3 DNA forms a single band at a density of 1.699. These
results indicate that the two complementary strands of T@3 DNA have
different buoyant densities in cesium chloride, presumably because they
have different base compositions.

The characteristics of T@3 are compared with those of other phages.
A hypothesis is presented for a relationship between the base composition
of one strand of T@P3 DNA and the amino acid composition of the proteins

of T@3.
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INTRODUCTION

Thermophilic bacteria.

The ability of certain organisms to grow at elevated temperatures
has been of interest for many years (l). Organisms that have been
found living at temperatures of 60° to 98°C include fishes, molluscs,
arthropods, worms, algae and bacteria (1l). The thermophilic micro-
organisms have been reviewed by Gaughran (1) and the thermophilic
aerobic spore-forming bacteria by Allen (2). A book on the thermo-
philic fungi has appeared (3).

The thermophilic species of Bacillus are classified as those
organisms whose optimum growth temperature is 55°C or above and which
show slight if any growth at 37°C (4). This classification is some-
what arbitrary in that there is much overlapping, e.g. Bacillus subtilus
may grow at 55°C but its optimum is 30 to 37°C (5). Most strains of
Bacillus stearothermophilus have an optimum of 6OOC; however, several

have lower optima and will grow at temperatures as low as 33% (5).

Thermostability of proteins of thermophilic bacteria.

Recent biochemical work with thermophilic bacteria has been con-
cerned with the thermostability of proteins isolated from these organ-
isms. Koffler, Mallett and Adye (6) isolated flagella from various
mesophilic and thermophilic bacteria and studied the viscosity of
solutions of these flagella under various conditions. They correlated
a drop in the viscosity of solutions of flagella with the dissociation
of the flagella into subunits. They found that the viscosity of

solutions of flagella from thermophilic bacteria remained high at



2~
temperatures up to 80°C. On the other hand, the viscosity of solutions
of flagella from mesophilic bacteria decreased at about 55°C. They
also found the flagella of thermophiles to be stable and the flagella
of mesophiles to be unstable to the action of 6 M urea, 10 M acetamide
or 0.0035 M sodium dodecyl sulfate. They concluded that the structure
of the flagella of thermophilic bacteria is stabilized by more effec-
tive hydrogen and hydrophobic bonds than is the structure of the
flagella of mesophilic bacteria, Koffler (7) has written a review of
this and other work up to 1957 in which he supports the thermostable
protein hypothesis of thermophily.

Campbell and his co-workers (8, 9, 10, 11) have isolated and in-
vestigated the properties of a thermostable w-amylase from Bacillus
stearothermophilus. This enzyme, recrystallized 8 times, was active at
temperatures up to 85°C and lost only 29% of its activity when incubated
for 20 hours at 85°C (8). The enzyme preparation was homogeneous by sedi-
merntation criteria (9). The sedimentation coefficient was found to be
0.762S and the molecular weight, as determined by sedimentation-diffu-
sion, was 15,600. Neither the specific rotation nor the enzymatic activ=-
ity was affected by treatment with 8 M urea or 4 M guanidine hydrochloride,
both powerful hydrogen bond disruptors. They concluded that this enzyme
"in the native state exists as a semi~random- or random-coiled, well
hydrated molecule, with any secondary [tertiary) structure due to the
presence of disulfide bonds.ﬁ The amino acid composition was determined
(10) and the enzyme was found to contain 145 amino acids, twenty two of
which were glutamic acid, twenty two proline, eleven aspartic acid,

eleven valine and nine glycine. The enzyme contains no tryptophan but
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is very rich in the acidic amino acids and in proline. The moleéular
weight, as determined by the amino acid analysis is 15,600. There are
two moles of amino-terminal phenylalanine per mole of enzyme (11).
Proline and alanine were determined to be the carboxyl-terminal amino
acids with one mole of each per mole of enzyme. Therefore, this o-
amylase consists of two polypeptide chains. There were 4 cysteine
residues found in the amino acid analysis (10), thus the two polypep-

tide chains could be held together by one or two disulfide bonds.

Thermostability of the deoxyribonucleic acid of Bacillus stearothermo-

philus.

Marmur (12) and Marmur and Doty (13) reported the thermal denatur-
ation temperature (Tp) of the deoxyribonucleic acid isolated from
Bacillus stearothermophilus strain 194 to be 87.5 and 88°cC, correspond-
ing to a base composition for this DNA of 467 guanine plus cytosine.
Welker and Campbell (14) confirmed this determination but found that
strain 194 is not a typical strain of this bacterium. They determined
the T, of 13 authentic strains of Bacillus stearothermophilus and
found it to correspond to a base composition of 49 to 527 guanine plus
cytosine. Their base compositions correspond to melting temperatures
of 89 to 91°C. This is in the same range as the Ty found for many
mesophiles (13), and in fact the DNA from many mesophiles has a Ty much
higher than this (for example the DNA of Micrococcus lysodeikticus has
8 Ty af 99.500).

Since proteins isolated from this thermophilic organism are
relatively thermostable whereas the deoxyribonucleic acid is not, the

proteins are apparently responsible for the thermophilic nature of



this organism,

Bacteriophage for thermophilic bacteria.

Although there were early reports (15, 16, 17) of bacteriophage
isolated for thermophilic bacteria, the bacteria involved were not true
thermophiles. Later reports on bacteriophage include a few for thermo-
philic bacteria. White, Georgi and Militizer (18, 19) described a
bacteriophage for Bacillus stearothermophilus. This phage produced
plaques optimally at 65°C. It was stable in broth at 70°C. At 75°C
the titer decreased by a factor of about 30 in 30 minutes. At 80°C
the titer decreased by a factor of 100 in 30 minutes. The rate of
inactivation was not constant but decreased with time. A temperature
of 100°C for 30 minutes did not totally inactivate a lysate (18). The
phage was less stable in phosphate buffer than in broth (19). 1In the
broth used, about 757% of the phage adsorbed to the bacteria in 30 min-
utes. A low concentration of calcium chloride enhanced the adsorption.

Hirano (20) isolated a bacteriophage for an unspecified thermo-
philic bacterium. This phage exhibited a half-life in broth of 40
minutes at 65°C and 8 minutes at 72°C. Onodera (21) reported a phage
that survived 2 hours at 100°C with no loss in activity. It was also
reported that this phage contained 42% DNA and 327 RNA. Shafia and
Thompson (22) investigated a phage for Bacillus stearothermophilus.
They reported this phage to be very small, only 10 mp in diameter
and to have a half-life of 2 hours at 75°.

Welker and Campbell (14) have induced a temperate phage from
Bacillus stearothermophilus. They reported a phage that has a 65 mu

diameter head, a flexuous tail 240 mp long and 12 mp wide. Phage
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production was optimal at 55°C. The phage was stable at 55° and had a
half-life of 30 minutes at 65°. The DNA of the phage was reported to
have a éedimentation coefficient of 24.1S, a molecular weight of 12.1
X 10° and to contain 42% guanine plus cytosine; Calcium ion was
required for adsorption of the phage to the bacteria.

Saunders and Campbell (23) have reported the investigation of the
DNA of a phage for‘Bacillus stearothermophilus. This phage has a DNA
that is 13.9 p long, has a molecular weight of 26.7 X 106, and a
sedimentation coefficient of 30.0S. It has a density of 1.705 and a
base composition of 427 guanine plus cytosine. Upon heat denaturation
or treatment with alkali the two complementary strands of the DNA can

be separated.

Purpose of the present investigation.

The ordered tertiary structure of many proteins is not stable at
temperatures above 40°c, Exposure to high temperatures denatures these
proteins. Scheraga (77) indicates that the disruption of intramolecu-
lar hydrogen bonds is the primary cause of the thermal denaturation
of proteins. The protein denaturing action of urea, acetamide and
guanidine hydrochloride is also attributed to the efficiency with
which they disrupt the hydrogen bonds involved in stabilizing the
tertiary structure of proteins. The quaternary structure of the
structural protein of the flagella (6) and the tertiary structure of
an enzyme, ¢-amylase (8, 9, 10, 11), of the thermophilic bacterium,
Bacillus stearothermophilus, are stabilized by bonds that are not heat
labile and are not disrupted by hydrogen bond disrupting agents. The

high proline content of the -amylase of Bacillus stearothermophilus
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also indicates that hydrogen bonds are relatively unimportant in
stabilizing the tertiary structure of this enzyme. If heat stability
and stability in the presence of hydrogen bond disrupting agents is a
general characteristic of the proteins of Bacillus stearothermophilus,
then the study of the structure of these proteins would augment our
knowledge of the relationship between the primary amino acid sequence
and the tertiary structure of proteins in general.

Our present understanding of the translation of information
contained in the genetic material, deoxyribonucleic acid, to that
contained in protein is that the nucleotide sequence in the DNA deter-
mines the amino acid sequence in the protein. The position of each
amino acid in a protein is determined by the position of a correspond-
ing nucleotide triplet in one strand of a DNA molecule. Each triplet
codes for one and only one amino acid but each amino acid may be coded
for by more than one triplet. The sequence of nucleotides in some of
the codewords (triplets) has been determined (75). The codewords for
proline are CCC, CCU, CCA and CCG. If the high proline content of the
a-amylase of Bacillus stearothermophilus is a reflection of a general
characteristic of the proteins of this organism, then it would be
expected that one strand of the DNA of B. stearothermophilus would be
rich in cytosine. This is of particular significance because methods
are presently available for the determination of pyrimidine sequences
in DNA (78). The CCC and CC sequences in one strand of B. stearothermo-
philus DNA should correlate directly to the proline content in the
proteins of this organism.

The major problem with this type of approach is that a bacterium
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is too complex, contains too much DNA and too many proteins. A much
better organism to work with would be a small bacteriophage for a ther-
mophilic organism. At the time this investigation was begun several
phage for thermophilic bacteria had been described (18, 19, 20, 21, 24).
None of these phage had been described in detail with regard to the
physical and chemical characteristics of their protein and nucleic
acids. The purpose of the present investigation was to isolate and
characterize in detail the chemical and physical properties of the
protein and nucleic acid of a bacteriophage for Bacillus stearothermo-
philus. It was hoped that such a study would lead to a-further under-
standing of the relationship between the structure and composition of

nucleic acids and proteins.
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MATERIALS AND METHODS

Bacteria.

The host bacterium was selected as a single step mutant of Bacillus
stearothermophilus ATCC 8005 resistant to 1 mg/ml streptomycin sulfate
that was included in agar plates. This host is designated Bacillus

stearothermophilus ATCC 8005 sk,

The TYNGC broth used for liquid bacterial and phage cultures and
for dilution of phage suspension for assay purposes contained 10 g of
Bacto-Tryptone (Difco), 5 g of Bacto Yeast Extract (Difco), 10 g of
NaCl and 1000 ml of distilled water. Glucose (1l g) and CaCly to 2 X
10-3 M were added aseptically after autoclaving. The TYNGCM broth was
the same as TYNGC except that MnCl, to 1072 M was added aseptically
after autoclaving. Agar plates contained 20 to 30 ml of either TYNGC
or TYNGCM plus 2.5% Bacto-Agar (Difco). Top agar consisted of either
TYNGC or TYNGCM plus 0.8% Bacto-Agar (Difco). TYNGCM medium was used in‘
the isolation procedure. Subsequent investigation indicated that Mn2t

was not required in the media. All experiments subsequent to the

isolation utilized TYNGC medium.

Buffers.
The buffers used in this investigation are as follows:
Phage buffer - 0.2 M NaCl, 0.01 M Tris (Tris(hydroxymethyl) -
aminomethane), pH 7.15 at 25°C.
DNA buffer - 0.1 M NaCl, 0.0l M Tris, 0.001 M EDTA (Ethylene-

diaminetetraacetic acid, disodium salt), pH 7.5 at 25°C.
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SSC - 0.15 M NaCl, 0,015 M trisodium citrate, adjusted to
pH 7.1 at 25°C with HC1.

0.1 X SSC - SSC diluted by a factor of 10.
2.0 X SSC - a stock solution of 1.5 M NaCl, 0.15 M trisodium

citrate, adjusted to pH 7.1 at 25°C with HCl, diluted by

a factor of 5.

Phage assay.

The phage were assayed using the agar layer technique of Adams’
(25). Unless otherwise noted 0.1 ml of phage suspension was plated
using 0.5 ml of a log phase culture of Bacillus stearothermophilus ATCC
8005 SR (5 x 107 cells/ml) as a lawn in 1.5 ml of top agar. The concen-
tration of infective phage particles in a phage suspension, as deter-

mined by this method, is reported as phage/ml.

Incubation.

Broth cultures were incubated as either 20 to 30 ml in a 125 ml
screw cap flask or 300 ml in a 1000 ml screw cap flask in a New Bruns-
wick Gyrotory water bath shaker. The incubation temperature was 60°C
unless otherwise noted. Under these conditions the division time of
the host was 20 min. Bacterial concentrations were determined by
measuring the optical density at a wavelength of 600 my (ODgpQ). An
optical density of 1.0 represented 5 X 107 cells/ml for Bacillus

stearothermophilus ATCC 8005 SR,

Agar plates for phage assay were incubated 5 to 6 hours at 60°C.
The atmosphere in the incubator was humidified to prevent drying of
the plates.

Phage isolation.

The isolation procedure used was essentially that used by Romig

and Brodetsky (26) for the isolation of bacteriophages for Bacillus
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subtilus. Their procedure was modified for uée with Bacillus stearo-
thermophilus.

Five grams of soil, obtained from various areas around the campus
of the California Institute of Technology were suspended in 15 ml of
tap water and stored at room temperature for two days. The soil was
then resuspended by shaking and allowed to settle for 30 minutes. Five
ml of the clearer top layer were then added to 5 ml of TYNGCM broth and
then incubated with shaking for 4 hours at 60°C. Five ml of a log
phase culture of Bacillus stearothermophilus ATCC 8005 sk (5 X 1077
cells/ml) along with streptomycin sulfate to 50 pg/ml were added, and
the incubation was continued for 6 more hours at 60°C. This final
culture was plated in 10 X serial dilutions using 0.2 ml of a log phase
culture of Bacillus stearothermophilus ATCC 8005 SR as a lawn. Isolated
plaques were usually obtained by the 100 X dilution. Phage from indi-
vidual plaques were picked up with a sterile needle, placed in 1 ml
TYNGCM broth and again plated in 10 X serial dilutions. This single
plaque isolation procedure was repeated three times to insure homo-
geneity of the phage stocks. After three successive single plaque
isolations the final 1 ml of phage suspension was stored at 4°C for
later use.

One of three phages that were obtained from a single soil sample was

selected for further study and was designated T@3 (Thermophilic Phage 3).

Preparation of phage stocks.

Phage stocks were prepared by infecting a 20 ml culture of the
host organism, that contained 5 X 106 cells/ml, with 5 X 10® phage/ml.

Incubation at 60°C was then continued until the ODggqg dropped to less



-11-
than 0.5. The lysate was centrifuged at 10,000 X g for 10 minutes. The
supernatant was removed with a pipette and filtered through a sterile HA
Millipore filter. The pellet was discarded. Stocks prepared in this
manner had a titer of 2 to 3 X 1010 phage/ml and were stable when stored

at 4°C.

Purification.

Large quantities of phage were grown in 5 gallon carboys containing
15 liters of TYNGC broth per carboy. A temperature of 60°C was main-
tained in the medium by placing two carboys in a hot water bath maintain-
ed at 63°C. Themediumwas aerated vigorously with heated filtered air.
Each 15 liter carboy was inoculated with 300 ml of a log phase bacte-
rial culture, that had been grown the previous day and had been stored
overnight at 4°C. When the optical density at 600 my reached 0.1
(5 X 106 cells/ml), the culture was inoculated with phage to a concen-
tration of 107 phage/ml. Lysis of the culture began about 180 minutes
after infection, and incubation was continued 150 minutes longer. Ly-
sate titers were usually about 2 X 1010 phage/ml.

The cell debris was removed from the lysate by centrifugation in
the KSB-R Servall Continuous Flow System, for the Servall RC-2 centfi-
fuge, at 16,500 rpm and at a flow rate of 300 ml/min. The phage were
then precipitated by the addition of 350 g of ammonium sulfate per liter
of lysate (55% saturation). The precipitate was allowed to settle at
49C for at least 2 days. Most of the clearer top layer was then siphon-
ed off and discarded. The sediment was packed by centrifugation for 45
min at 14,600 X g. The supernatant was discarded, and the pellet was

resuspended in 300 ml of a 55% saturated solution of (NHy)2SO4. This
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was then dialyzed against five 6000 ml changes of 0.2 M NaCl. The
suspension was then removed from the dialysis tubing and treated with
10 pg/ml of deoxyribonuclease (Sigma Chemical Company), 10 pg/ml of
ribonuclease (Sigma Chemical Company) and 0.02 M MgCl, at 37°C for 1
hour. The suspension was then centrifuged at 10,000 X g for 10 min.
The sediment was washed with a small volume of 0.2 M NaCl and centri-
fuged at 10,000 X g for 10 min. The supernatants were pooled, and the
sediment was discarded. The phage were then pelleted by centrifugation
in the number 30 rotor in a Spinco model L ultracentrifuge at 78,000
X g for 2 hours. The pellets were removed, pooled and resuspended in
3 ﬁl of phage buffer by stirring with a magnetic stirrer for 2 hours
at 4°C.

The phage were then separated from contaminating bacterial protein
by sedimenting them through a discontinuous CsCl gradient (27). Before
centrifugation, the Spinco SW39 centrifuge tubes contained the follow-
ing: a bottom layer of 1.5 ml of a CsCl solution with a density of
1.6, a middle layer of 2.0 ml of a CsCl solution with a density of 1.3
and a top layer of 1.0 to 1.5 ml of a crude phage suspension. This
system was centrifuged at 36,000 rpm for 3 hours in the SW39 rotor.

The tubes were removed and the visible phage band that occurred between
the p = 1.3 and p = 1.6 layers was collected by the érop collecting
technique of Weigle, Meselson and Paigen (28). The drops containing
the visible phage band were collected in a separate container. The
large brown band of contaminants at the top of the tube was separated
from the phage band by several centimeters. Several bands collected

in this manner were pooled. A volume of CsCl solution, with a density
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of 1.5, was added to bring the total volume up to 10 ml. The phage
were then banded in a continuous CsCl gradient (29) by centrifugation
at 36,000 rpm for 20 hours in the SW39 rotor. After the phage band
had been collected by the drop collecting procedure it was dialyzed
against 3 changes of phage buffer. Any large debris remaining was
removed by centrifugation at 10,000 X g for 10 minutes. The purified
phage suspension was stored at 4°C until used.

When smaller quantities of purified phage were needed in a shorter
period of time, an alternate purification procedure was used. The
bacteria were grown to the same concentration as above, but as 300 ml
in a one liter flask in the New Brunswick Gyrotory shaker. Phage were
added at the same concentration and the incubation was continued in the
same manner. The cell debris was removed by centrifuging at 10,000 X
g for 10 minutes. The supernatant was treated with deoxyribonuclease
and ribonuclease as above. The phage were then pelleted by centrifuging
for 2 hours at 78,000 X g. The procedure was identical from this point
on. This procedure eliminated the time consuming (NH4)9SO4 precipita-
tion. The phage obtained were identical in all respects with those
obtained by the ammonium sulfate procedure.

The cesium chloride used in these studies was obtained from two
sources. The first, produced by Penn Rare Metals inc., Revere, Penn-
sylvania, was designated 99.9% CsCl and was obtained from the Kawecki
Chemical Co. Solutions of this product devéloped a slight precipitate
upon standing. This was filtered out before use. A filtered stock
solution with a density of 1.51 had an optical density at a wavelength

of 260 mp (OD260) of 0.022. Filtered solutions of this CsCl were used
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in the discontinuous gradients and for the phage buoyant density ex-

periments described in the section on the Determination of the buoyant

density of T@3. Optical quality CsCl, obtained from the Harshaw

Chemical Co. (Harshaw lots 16 and 17), was used in all other experi-
ments. A stock solution of this CsCl at a density of 1.85 had an

OD26O of 0.011.

Electron micrographs.

A diluted purified phage suspension was dialyzed against 3 changes
of distilled water and then mixed (1:1) with either 47 phosphotungstic
acid (30), pH 7.0, in 0.4% sucrose solution or a saturated solution of
uranyl acetate (31, 32). The mixture was then placed on a standard
electron microscope grid that was coated with a collodion film rein-
forced with a thin layer of evaporated carbon. The excess solution
was removed with the edge of a piece of paper. The preparation was
then air dried before examination in the Phillips EM200 electron

microscope.

Determination of the spectrum of the phage.

To determine the ultraviolet absorption spectrum of T@3, a purified
phage suspension in phage buffer was diluted to about 100 pg/ml, and
the spectrum was taken on the Cary model 15 spectrophotometer (Applied
Physics Corp.). A sample of phage buffer was used as the blank

reference.

Determination of the buoyant density of T@3.

The buoyant density of T@3 in a cesium chloride density gradient

(29) was determined as follows. A purified suspension of phage T@3
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and a purified suspension of phage AT were diluted and mixed to a final
concentration of 3 X 10° phage T@#3/ml and 6 X 104 phage A\"/ml with a
CsCl solution whose density was 1.51. The final density of the solution
was 1.50. Centrifuge tubes for the SW39 rotor of the Spinco model L
ultracentrifuge were filled with 3.3 ml of mixed phage suspension and
this suspension was overlayed with paraffin oil. The mixed phage sus-
pension was then centrifuged in the SW39 rotor for 20 hours at 37,000
rpm at 4°C in the Spinco model L ultracentrifuge. The rotor was
allowed to slow to a stop without a brake. The tubes were carefully
removed and the contents were fractionated by the drop collecting
technique (28). The individual drops were collected into 2.0 ml of
sterile TYNGC broth except that every 10th drop was collected in a
screw cap vial, for density determination. The screw cap vials were
capped immediately after a drop was collected. The refractive index
of each fraction in the screw capped vials was measured with a Zeiss
refractometer. The density of these fractions was determined from the
following relationship:

For a solution of CsCl in water,

p2> = 10.8601 n3°> - 13.4974 (33),
where p25 is the density in gm/ml at 25°C

25
and ng

is the refractive index at 25°C.

The slope of the graph of'p25 vs. fraction number was then determined
by the method of least squares using density data from every tenth
fraction from fraction number 20 to fraction number 80. The actual

density gradient was adjusted so that the density at the At peak

(see below) was 1.508 (34).
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The position of the T@3 phage band was determined by assaying each
fraction for T@3. The position of the A" band was determined by assay-
ing each fraction for xt using Escherichia coli C600 as a lawn. Plates
for the AT assay were incubated overnight at 35°C. The At phage and
Escherichia coli C600 bacteria were the gift of Mr. Elton T. Young of

the California Institute of Technology.

Determination of the latent period of T@3.

The latent period of phage T@#3 was determined by following the one
step growth curve of the phage (35). The host organism was incubated
in TYNGC broth at 60°C until the ODggq reached 1.0 (5 X 107 cells/ml).
Phage to a multiplicity of infection of about 1.4 (7 X 107 phage /ml)
were added, and the incubation was continued at 60°. Samples were

taken every five minutes and their titers were determined.

Determination of the burst size of T@3.

Due to poor adsorption of the phage to the bacterial cell wall the
one step growth curve does not give an estimate of the burst size of
T@P3. The single burst procedure of Ellis and Delbruck (35) was modified
for use with this phage. The host bacteria were grown to a density of
2.5 X 107 cells/ml in TYNGC. Phage were added to a concentration of
1.5 x 108 phage/ml. The phage were allowed to adsorb for 10.0 min at
60°C. The culture was then cooled in an ice bath and centrifuged at
10,000 X g for 5 minutes. The pellet was washed twice with cold TYNGC
broth to remove unadsorbed phage. A portion of the resuspended pellet
was then diluted by a factor of 2.5 X 106 and 0.2 ml samples of this

diluted culture were placed in each of 60 sterile test tubes.
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Incubation was then continued at 60° for 50 minutes. Soft agar (1.5 ml)
and 0.5 ml log phase host were added to each tube. The contents of each
tube were poured into petri dishes that had been prepared beforehand.

The plates were incubated as described in the section on Incubation.

Adsorption of the phage to the host.

The relative number of phage adsorbed to the host in 10 minutes
was determined by infecting a culture of the host at a concentration of
2.5 X 107 cells/ml with &4 X 10% phage/ml. This system was incubated at
60° for 10 minutes. The culture was cooled in an ice bath and centri-
fuged for 5 minutes at 10,000 g. The supernatant was poured off and
the pellet was washed 4 times with cold TYNGC broth. The phage titer

in each washing and resuspended pellet was determined.

Thermal stability of T@3.

The stability of the phage at high temperatures was measured by
placing 20 ml of phage suspension containing 2 X 103 to 4 x 103 phage/ml
in a 125 ml screw cap flask in a water bath at the appropriate tempera-
ture. The temperature was allowed to equilibrate for 5 min. One ml
samples were taken at appropriate times and cooled in an ice bath. The
titer of each 1 ml sample was then determined. The natural logarithm
of the ratio of the initial titer to the titer at time t was plotted
against the time t. A straight line was fitted by least squares to the
data at each temperature, and the time of one half survival (t%) was

determined from the slope.

Host range.

A stock of phage containing 2 X 10° phage/ml when assayed using
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B. stearothermophilus ATCC 8005 SR for the lawn was assayed using ATCC
strain 7953, 7954, 10149 or 12016 or Escheri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>