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Osmotic injury in rapidly thawed T4 bacteriophage
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SUaEMARY

Osmotic injury in frozen-thawed T4 phage was caused by the sudden and large
fall in the electrolyte concentration of the unfrozen aqueous phase during rapid
thawing of frozen samples. In accordance with the classical interpretation of
osmotic shock it was found that DNA was quantitatively liberated from T4
phago inactivated by the osmotic injury of rapid thawing.

The degree of inactivation of osmotically shocked T4 phage was temperature
dependent, being much increased by lowering the temperature, but was inde-
pendant of the pH of the suspending medium. The T4Bo osmotic shock-resistant
phago was refractory to the osmotic injury of rapid thawing.

INTRODUCTION

Previous studies on the effects of freezing and thawing suspensions of T4 and
T4Bo bactoriophages (Greaves, Davies & Steele, 1967; Steele, Davies & Greaves,
1969a, b) showed that the phage were inactivated by three different mechanisms
of injury. These can conveniently be termed 'osmotic injury', 'ionic injury' and
'eutectic injury'.

Osmotic injury to the T4 phago was believed to be responsible for most of the
inactivation of rapidly thawed samples. I t was avoided by slow thawing of frozen
samples. Leibo & Mazur (1969) have also implicated osmotic injury as a cause
of inactivation of frozen-thawed T4 phage.

Ionic injury resulted from the dual effects of electrolyte concentration and
lowered temperature in frozen samples, while eutectic injury occurred when phage
suspensions were frozen to temperatures below the eutectic temperature of the
suspending medium.

Ionic and eutectic injuries were dealt with in the earlier studies. I t is the purpose
of this communication to clarify the correlation between osmotic injury in frozen-
thawed phago and the phenomenon of 'osmotic shock' which is demonstrable in
unfrozen phage suspensions.
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MATERIALS AND METHODS

Tho methods of phago preparation and purification, and the techniques used
for freezing, thawing and titro determinations were the same as those described
previously. Phosphate buffer was added to tho suspending media of samples sub-
jected to sub-zero treatments to prevent the ionic injury duo to electrolyte con-
centration (Steelo et dl. 19G9&).

DNA determinations

DNA determinations were obtained using tho othidium bromide fluorimetric
technique of Lo Peck & Paoletti (19GG). When tho dyo ethidium bromide (2,7-
diamino-9-phenylphonanthridine-10-othyl bromide) binds to nucleic acids, for a
suitably chosen wavelength of fluorescence excitation the intensity of fluorescence
emmission increases by a factor of 50-fold to 100-fold. This increase in fluorescence
is directly proportional to tho nucleic acid concentration and is not affected by the
presence of protein.

In this study fluorescence measurements were obtained with an Aminco-Bow-
man Spectro-fluorimoter with the wavelengths set at A Ex. 524 m/i and A Emm.
587 m/i.

A preliminary experiment showed that there was no increase in the fluorescence
of ethidium bromide solutions when intact T4 phage were added at a concentration
of 2 x 1012 p.f.u./ml. Presumably tho ethidium bromide molecule is too large to
penetrate tho phago head membrane and thus cannot bind to tho internal DNA.

T4 phage DNA was prepared and purified by tho phenolio extraction procedure
(Kaiser, 1960) and standardized in terms of 'phago equivalents DNA/ml.' by
colorimetric comparison with intact purified phago of known plaque titre using
the diphenylamine reaction (Burton, 195G).

A calibration graph was then constructed by adding known concentrations of
purified T4 phage DNA in phosphate buffer (KH2PO4-Na2HPO4 0-13 M - pH 7) to
an equal volume of ethidium bromide solution (10/jg./ml. in phosphate buffer),
and plotting the fluorescence readings of the mixtures.

Experimental frozen-thawed or osmotically shocked phago samples were added
to an equal volume of ethidium bromide solution (lO/jg./ml. in phosphate buffer)
and their fluorescence intensities determined. The concentrations of liberated DNA
as 'phage equivalents DNA/ml.' were then read off tho calibration graph.

BESULTS AND DISCUSSION

Osmotic injury during freezing and thawing

Samples of T4 phago or T4Bo (osmotic-shock-resistant) phago suspended in
phosphate-buffered saline (KH2PO4-Na2HPO4 0-13 M, NaCl 0-15M-pH7) were
frozen and equilibrated at - 5° C. for 10 min. and then cooled at 1° C./min. to
temperatures down to — 20° C. On reaching tho desired temperature tho samples
were immediately rowarmed either rapidly (450° C./min.) or slowly (5° C./min.)
until thawing was complete, and tho viable titres determined (Fig. 1).
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Fig. 1. The percentage survival of frozen-thawed T4 and T4Bo phages suspended in
0-13 M phosphate buffer+0*15 M-NaCl. Samples were cooled at 1° C./min. Q > T4
phago, slow thaw; # , T4 phago, rapid thaw; D. T4Bo phage, slow thaw; • , T4Bo
phago, rapid thaw.

The only significant inactivation winch occurred was in the T4 phage samples
which were rewarmed rapidly. In the classical osmotic inactivation of T4 phage -
'osmotic shock' - first described by Anderson (1953) and later by Leibo & Mazur
(1966), suspensions of phage in concentrated salt solutions are rapidly diluted with
distilled water. The resulting inactivation of the phage is believed to occur because
the diffusion of water into the phage head is more rapid than electrolyte loss. This
transient osmotic pressure gradient across the head membrane causes its sub-
sequent rupture. Rapid thawing of frozen samples produces a similar rapid dilution
of electrolytes, which are concentrated by freezing.

Effect of pH and temperature

Before identifying the osmotic injury of rapid thawing with osmotic shock, two
important factors must be considered. First, there is a pH difference since phos-
phate-buffered saline becomes acidic* during freezing (Van den Berg, 1959) and
secondly there is the temperature difference.

Table 1 shows that osmotic shock sensitivity (T4 phage) and osmotic shock-
resistance (T4Bo phage) are not affected by the pH of the suspending medium.

The effect of temperature was investigated by rapid 100-fold dilution in distilled
water of T4 phage suspended in concentrated NaCl solutions, the NaCl solutions
and distilled water being maintained at 25° C. or 4° C. (Fig. 2). There was a con-
siderable decrease in the viability of the samples osmotically shocked at 4° C.
compared with 25° C. The experiment was repeated using NH4C1 suspending
media and osmotically shocking the phago at 56° C, 25° C. or 4° C. (Fig. 3). Once
again a definite temperature effect was observed. There was little inactivation of the
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Table 1. The effect of pH on osmotic shock and osmotic shock-resistance. Samples
were rapidly diluted 100-fold from 3 Tsi-NaCl at adjusted pH {using TX-HCI or N-

NaOH) into distilled water

P H

3-7
4-0
5-5
0-5
7-9
8-8

T4 phago
survival (%)

1-3
1*0
1-0
0-7
1-3
0-9

pH

4-6
7-0
7-6

10-1

T4Bo phago
survival (%)

102
90
93
95

100 n
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Fig. 2. Tho effect of temperature on the survival of osmotically shocked T4 phage.
Samples wore osmotically shocked by a rapid 100-fold dilution from NaCl solutions
at the indicated molarity into distilled water. O> 25° C ; A. 4° C. Tho lower scale
shows tho freezing points of tho solutions for comparison with Fig. 1.

phage samples osmotically shocked at 50° C. Obviously the osmotic transients last
longer and are more severe at lower temperatures owing to the slower rates of
diffusion of the ions.

This decreased survival of phago osmotically shocked at lower temperatures
explains why the degrees of inactivation produced by osmotic shock at 25° C. and
osmotic injury during rapid thawing are very similar for a given salt concentration
even though rapid thawing is a slower dilution process than tho osmotic slioclc
procedure.

https://doi.org/10.1017/S002217240006304X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240006304X


Tlmwing of bacteriopJiage

100

10

0-5 10 1-5 20
MolarityofNH4Cl

2-5

463

30

Fig. 3. Tho effeot of temperature on the survival of T4 phage osmotically shocked
from NH4C1 solutions. Tho procedure was tho same as for Fig. 2. •» 56° C ; O»
25° 0.; A, 4° C.
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Fig. 4. Samples of T4 phago suspended in 0*13 M phosphate buffer+ 0*15 M-NaCl
were cooled at 1° C./min. and thawed rapidly. Tho percentage DNA liberated ( • )
was compared with tho viability as determined by plaque assay (dotted lino - taken
from Fig. 1).

liberation of DNA
It has been demonstrated both microscopically (Kleinschmitt, Lang, Jacherts &

2ahn, 19C2) and chemically (Hershoy & Chase, 1952) that DNA is released from
fcho heads of osmotically shocked T-oven phage.

XJsing tho othidium bromide estimation it was found that 99 % of the T4 phago
NA was liberated after osmotic shock by rapid 100-fold dilution of a suspension
3 ai-NaCl with distilled water, at 25° C. This exactly correlated with the 1 %
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viability as determined by plaque assay. Fig. 4 shows the excellent agreement be-
tween the viability of rapidly thawed T4 phage and the percentage DNA liberated.

Leibo & Mazur (19C6) found that approximately half of their T4B phage in-
activated by osmotic shock retained their DNA, as measured by CsCl density
gradient profiles. They stored their purified phago stocks in 1*5% nutrient broth,
whereas the stocks used in tho present experiments wore stored in phosphate
buffer. Wo have previously shown (Steolo et al 1909a) that compounds, probably
peptides, present in broth media substantially alter the sensitivity of T4 phage to
the effects of freezing and thawing. This raises the interesting possibility that
peptides adsorbed onto tho T4 phage might partially prevent the release of DNA
during osmotic shock without altering the degree of inactivation. Such an explana-
tion is especially likely in the light of the results of Panijel, Huppert & Barbu
(1957) who showed that tho proportion of T2r phage which liberated their DNA
during freezing and rapid thawing could be significantly increased by purifying
tho phago with trypsin (l-5/tg./mI.) thereby removing proteins and poptides
adsorbed from their broth medium, although this treatment did not alter the
sensitivity of the phago to freezing and thawing as measured by plaque assay.

I wish to thank Professor R. I. N. Greaves and Dr J. D. Davies for their interest
and encouragement.
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