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SUMMARY - Neutral sucrose gradient sedimentation studies indicate that freeze-
thawing of Escherichia coli B/r results in double strand breakage of its

DNA. Breaks were detected after one hour of frozen storage at -16°C,
resulting in a distinct displacement of the major peak of [°HIDNA toward

the meniscus. In addition at this time a minor shallow peak of radiocactivity
toward the meniscus appeared indicating accumutation of some small molecular
weight DNA fragments of heterogeneous size. These small DNA fragments

seemed to become the major DNA breakage product after 1} and 4 months of
frozen storage. Double strand DNA breakage continued through 8 and 12

months of frozen storage. However, the sedimentation profile became progress-
ively more broad and shallow suggesting that the initial DNA fragments may
have reassociated into molecular aggregates of heterogeneous molecular
composition.

INTRODUCT I ON

At least four mechanisms have been considered to explain cel! death
due to freeze-thawing (1): i. mechanical damage to the cel! by ice crystals
or by pressures generated by ice, ii. harmful effect of concentrated solutes
in The cell after the water is "frozen out™, iii. metabolic injury, an
ill-defined "catch all" group of harmful effects, and iv. single strand
breaks in The DNA (2).. Using the alkaline sucrose gradient method (3), an
apparent correlation was observed between the number of single strand

breaks in Escherichia coli B/r DNA and the extent of cell death as the

result of initial freeze-thaw treatment. When the cells were stored in
the frozen state for longer periods of time, a similar correlation was
noted between continued additional single strand breakage of DNA and pro-
gressive delayed cell death (2); such delayed death of frozen cells has

also been reported previously by other investigators (4).
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Cryoprofective substances such as dimethylsul!lfoxide and glycerol
protect cells against both loss of viability and induction of single strand
breakage during freezing and thawing (5). Generally, however, it is thought
that single strand breakage can be efficiently repaired especially in such

repair competent organisms as Escherichia coli B/r, and that doubie strand

breaks are more |ikely to be the lesions responsible for cell death (6).

Induction of double strand breaks in Escherichia coll cells subjected to

freezing and thawing had not been studied so far. However, under conditions

of injury from mild heat in the case of Escherichia coli (7), or by radiation

in the case of Micrococcus radiodurans (8), the existence of double strand

breakage has been demonstrated by the neutral sucrose gradient centrifugation
method (6).

In view of the evidence of the involvement of double strand breaks
in heat and radiation injury and the possible relation of double strand
breaks to loss of cell viability, it was of interest in the present study
to investigate the possiblility of induction of double strand breaks in
cells subjected to freeze-thaw injury.

MATERIALS AND METHODS - Escherichia coli B/r, a freeze-sensitive organism (9),
was grown in L-broth at 37°C overnight on a shaker. Then 1.0 m! of the
actively growing culture was tfransfered to another flask containing 25.0 ml
L-broth and incubated on a shaker at 37°C. When an 0.D. = 0.3 was attained,
2.0 ml of the cel!s were transferred tc a flask containing 20.0 m! L-broth
suppiemented with 2.5 nuCi/mi [3H]Thymidine To label the DNA. The culture

was grown on a shaker at 37°C for a period of 4 hours at which time log

phase growth was reached. At this point the cells were harvested, washed
with 0.01 M Tris buffer (pH 8.0) and adjusted to a final concentration of

2-4 x 10% cells/ml. One ml aliquots were then taken and frozen at -16°C

for periods varying from 1 hour to 1 year. After the desired storage time,
the cells were thawed at 25°C and immediately assayed for DNA double strand
breaks by the neutral sucrose gradient centrifugation method (pH 8.0) as
describad by Clewel! and Helinski (10). No precautions were taken to protect
the cells during freeze-thawing, since our aim was to study cell injury.

RESULTS AND D{SCUSSION

As shown in Figure 1A(a), the [3HIDNA from the control (unfrozen)
cells consistently formed a sharp narrow peak at a sedimentation distance of
0.77 from the meniscus. In comparison, the sedimentation patterns of DNA

from frozen cells (Figure 1A(b) to Figure 1E) shifted toward the meniscus

1111



Vol. 93, No. 4, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

3 A
L
r Qa
}.
JL 8
C
AN
5r\x“////~/“\\\\\\\_._?/\f

10 E

30

20

TOTAL COUNTS

%

1 1
025 0.50 078 10

RELATIVE DISTANCE FROM MENISCUS

Figure 1. Neutral sucrose gradient sedimentation profiles of { *HIDNA from
Escherichia coli B/r subjected to freezing at -16°C, followed by
frozen storage at -16°C for various periods of time and subsequently
thawing at room temperature and analysis by the neutral sucrose
gradient sedimentation method (10). Cold storage at -16°C was for
the following periods of time: A(a). O hour (non-frozen control);
A(b). 1 hour; B. 11 months; C. 4 months; D. 8 months; and E. 12 months.

indicating that the DNA fragments from frozen cells were smaller than those
from unfrozen controls and sedimented at a slower rate. As shown in

Figure 1A(b), the DNA from cells frozen for one hour exhibifted a sharp and
narrow sedimentation profile similar to that of the DNA from unfrozen cells
except that: . the sharp peak shifted toward the meniscus (fractions 0.63 to
0.73), and ti. a second (flat) peak of {*HIDNA seemed to emerge between
fractions 0.30 to 0.53 suggesting that the DNA from frozen cells contained a
sub-population of relatively small molecular weight fragments of heterogeneous
sizes. The flat peak at this sedimentation distance became increasingly
pronounced on longer storage. After 11 and 4 months at -16°C (Figures 1B and
1C), the DNA profiles showed additional shifts foward the meniscus indicating

that the DNA fragments isoltated from these stored cells became progressively
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smaller. On frozen storage for 8 to 12 months (Figures 1D and 10), the DNA
sedimentation profiles became increasingly fiat and wide with no distinct
peaks such as were observed in unfrozen cells (Figure 1A-3) or in cells
frozen and thawed after one hour of frozen storage (Figure TA-b).

From the observed shifts of the [ *H]DNA sedimentation profiles toward
the meniscus in Figure 1, it seems clear that DNA breakage had occurred as
the result of cold injury. Furthermore, the DNA breaks must have heen
double strand breaks since single strand breaks are not detected by the
neutral sucrose gradient method used in *this study. The double strand breakage
of the DNA was especially pronounced during the initial freeze~thawing as wel |
as during the first 4 months of frozen storage. However, on frozen storage for
longer than 4 months it appeared that in addition to continued DNA breakage
there might have been some random reassociation and aggregation of the initial
DNA fragments resulting In increased heterogeneity of the molecular population
as suggested by *the exceedingly shallow and broad shape of the DNA sedimentation
profifes obtained after these prolonged periods of cold storage.
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