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Changes in the structure of the Escherichia coli nucleoid during heat damage and repair were
followed by sedimentation analysis in neutral sucrose gradients. Heating at 50° C results first in
a decrease in the sedimentation coeficient of the isolated nucleoid. Increasing the heating time,
a subsequent increase in sedimentation coefficient is observed.

After a heat shock (i.e. 4 min at 50° C), a short incubation at 25° C (i.e. 5 min) allows the
nucleoid to repair and return to the sedimentation coefficient of control unheated nucleoids.
The nucleoids heated at 50° C for longer periods and incubated afterwards at 25° C demonstrate
a different pattern of structural repair. They associate with protein in the first stage of the repair
period.

Elucidation of the mechanisms of heat
damage and repair has a wide range of
applications from cancer therapy to food
safety. In cancer research, thermal treat­
ments (hyperthermia) have proven useful
in cancer therapy (4, 17). In food safety,
heat damage and repair is important in the
application of thermal processing to de­
stroy pathogenic or saprophytic microor­
ganisms in food products.

The Escherichia coli nucleoid is com­
posed of folded and supercoiled DNA or­
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ganized with RNA and protein in an
structure having dimensions, superheli­
cal density, and number of DNA domains
similar to the chromosome in vivo (8, 11,
15). The maintenance of the DNA super­
coiling is important because it seems to
play a role in every DNA-related process
(1,2,5, 16). The' E. coli nucleoid has been
shown to be a useful system to study heat
damage and repair (7, 9). PellOn and
Gomez (7) have reported that the recov­
ery of the native nucleoid structure ap­
pears to be required for the cell to reini­
tiate growth and division after heat
damage.

The present study reports on the kine­
tics of structural changes that the E. coli 
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nucleoid undergoes after heat treatments
at lethal temperatures (50° C).

Materials and Methods

Cell labeling and nucleoid isolation.
The basic experimental procedures have
been previously described (8, 10). The
following minor changes were carried out
in order to rapidly isolate the nucleoids
after heating. E. coli K-12 KU 105 was
inoculated into a defined medium with
14C-thymidine or with l4C-thymidine and
3H-leucine and the cells labeled during
growth at 37° C (8, 10). At early exponen­
tial phase, the cells were harvested by
centrifugation and the cell pellet was re­
suspended in the same defined growth
medium without label. Aliquots of 0.1 ml
(4 x 108 cells) were transferred, at 25° C,
to 12 x 75 mm glass tubes. The tubes
were heated at 50° C for various times,
followed by the addition of 0.1 ml of dou­
ble strength solution A at 0° C. *

Solution A contained 20% (wt/vol)
RNase-free sucrose, 0.1 M NaCl, and
0.01M tris-hydrochloride buffer (pH 8.2).
The remaining procedure for the nucleoid
isolation by spheroplast formation and ly­
sis was carried out by the method de­
scribed by PELLON et al. (8, 10). The cell
lysates containing the nucleoids were se­
dimented in 10-50% neutral sucrose gra­
dients at 4° C and 4,000 rpm for a total co2t
of 6 x 109 rad2/s. The gradients were
fractionated from the top.

Results and Discussion

When heating Escherichia coli cells at
lethal temperatures (50° C), the sedimen­
tation coefficient (Sn) of their isolated nu­
cleoids changes as a function of the heat­
ing time (Fig 1). Nucleoids isolated from
control unheated cells have a Sn of 1800-
1900 S (Fig. 1A). The Sn of nucleoids
isolated from heat-shocked cells (i.e. 2-4
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Fig. 1. Sedimentation profiles for nucleoids from
heated cells.

The experimental procedure is indicated in Mate­
rials and Methods. The cell cultures were labeled
during growth at 37° C with l4C-thymidine. After
the heating at 50° C, the cells were cooled to 0° C

immediately after heat treatment.
A. •------• Unheated control (,4C= 16,000cpm)

O----- O 50° C 2 min (l4C= l6.000cpm)

TOP .25 .50 .7 5
FRACTIONAL DISTANCE SEDIMENTED

B. •----- • 50°C, 4 min (l4C= 19,000 cpm)
O------O 50° C, 6 min (l4C= 17,000 cpm)

C. •------• 50° C, 8 min (,4C= 17,000 cpm)
O------O 50° C, 10 min( l4C= 17.000 cpm)

min at 50° C) decreased from 1800 S to
approximately 1200 S (Fig. 1A, B). This
decrease in Sn could reflect structural al­
terations in the nucleoid due to either a
loss of DNA supercoiling or an unfolding
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Fig. 2. Sedimentation profiles for nucleoids from heated cells incubated for 5 min at 25° C after heating
The experimental procedure is indicated in Materials and Methods. The cell cultures were labeled during
growth at 37° C with l4C-thymidine (•----- •) and 3H-leucine (O----- O). After the heating at 50° C, the cells

were kept at 25° C for 5 min and then they were lysed to isolate their nucleoids.

A. Control (,4C= 17,000 cpm; 3H= 391,000 cpm)
B. 50 °C, 2 min (l4C= 19,000 cpm; 3H= 450,000 cpm)
C. 50° C, 4min(l4C= 18,000 cpm; 3H= 409,000 cpm)
D. 50° C, 6min(l4C= 17,000 cpm; 3H= 415,000 cpm)
E. 50° C, 8 min (l4C= 16,000 cpm; 3H= 403,000 cpm)
F. 50° C, 10 min ('4C= 15,000 cpm; 3H= 372,000 cpm)

In profiles D, E, and F, the triangles represent the ratios Protein/DNA [(3H - 3Ho) cpm (14C - ,4Co) cpm] for
the fractions below. The 3Ho and l4Co are the cpm for the same fractions in the control profile (A).

of the structure. Nucleoids isolated from
cells heated for longer times (i.e. 8-10 min
at 50° C) showed an increase in Sn rang­
ing for approximately 500 to 3300 S, sug­
gesting the condensation of the nucleoid
structure.

To investigate the repair process at the 

nucleoid level, heat treated cells were in­
cubated at 25° C for 5 min and the isolated
nucleoids subjected to sucrose gradient
analysis. Nucleoids isolated from heat-
shocked cells (i.e. 2-4 min at 50° C)
allowed to repair for 5 min at 25° C have a
Sn of approximately 1800 S, which is the
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Sn value of control nucleoids isolated
from unheated cells (Fig. 2B, C). These
results indicate that heat-shock at 50° C
appears to be rapidly repaired at the nu­
cleoid level.

The sedimentation profiles of nu­
cleoids isolated from cells heated at 50° C
for longer times and subsequently
incubated at 25° C for 5 min showed a
wide range in Sn from 1500 S to 4000 S
(Fig. 2D-F). In addition, these nucleoids
appear now associated with protein (Fig.
2E, F). The formation of fast sedimenting
protein structures upon heating at 50° C
has been demonstrated by Pell6n et al.
(9).

In cells heated at 50° C for 6 and 8 min
and allowed to repair for 5 min at 25° C
the ratio of 3H-Ieucine labeled protein to
,4C-thymidine labeled DNA for different
fractions of the nucleoid sedimentation
profile increases as the Sn increases (Fig.
2D-F). On the contrary, for cells heated at
50° C for 10 min and allowed to repair for
5 min, the ratio of protein to DNA in
every fraction, does not vary from 3000 to
5000 S. The latter could be the result of
two opposite driving forces; (I) the asso­
ciation of the nucleoids with protein (i.e.
de novo protein structures formed upon
heating) (9) that results in an increase in
the Sn; versus (II) the unfolding of the
nucleoid structure that results in a de­
crease in the Sn (10). The net result of
these two opposite driving forces would
be a population of nucleoids with differ­
ent Sn having the same protein to DNA
ratio as in Figure 2F.

Results presented in Figures 1 and 2
indicate that the repair after thermal
treatments at lethal temperatures (50° C)
shows a different pattern at the nucleoid
level depending on the severity of the
heat treatment (i.e. heating time). A short
heating time (i.e. heat shock) results in a
transient change in nucleoid structure
which is repaired rapidly and is reflected
in a lag time in the growth of the culture
without a significant loss in cell viability
(6). After more severe heat treatments, 

the repair process at the nucleoid level
includes at least two steps (9). In the first
step the nucleoids appear associated with
protein (Fig. 2E, F), and in the second
step they dissociate the protein and re­
gain the characteristic sedimentation
coefficient of nucleoids isolated from un­
heated cells (7). The dissociation of the
nucleoids from the fast sedimenting pro­
tein and/or the disappearance of this pro­
tein seems to be required for the cell to be
able to reinitiate growth and division (7).

The understanding of the mechanisms
involved in the repair of the DNA tertiary
structure in the nucleoid will require
further studies on the nature of the fast
sedimenting proteins (9) which associate
the nucleoid during repair. In this re­
spect, there is evidence that hyperthermic
treatments of eukaryotic cells (i.e. ther­
mal treatments at lethal temperatures, 42-
45° C) similar to those employed in tumor
therapy, also result in an increase in the
amount of protein associated to HeLa cell
nucleoids (13) together with alterations in
the supercoiling of the DNA. Both pro­
karyotic and eukaryotic cells are able to
dissociate the protein from the DNA after
a period of repair at 37° C (7,14). This
suggests a general mechanism of re­
sponse to heat in prokaryotic and eukary­
otic cells that should be elucidated to im­
prove the therapeutic value of hyperther­
mia in the clinical treatment of tumors.
The present studies being conducted in E.
coli should help in establishing the mech­
anisms by which a cell is either inactiva­
ted or able to repair after thermal treat­
ments.

Resumen

Se estudian, mediante sedimentacion en gradien-
tes neutros de sacarosa, las alteraciones en la es-
tructura del nucleoide de Escherichia coli durante el
dano termico a 50° C y su posterior reparacion. El
tratamiento termico a 50° C origina primero una
disminucion y subsiguientemente un increment© del
coeficiente de sedimentacion de los nucleoides.
Despues de un shock termico (4 minutos a 50° C) la
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reparacion del nucleoide ocurre en menos de 5 mi­
nutes a 25° C. Con tratamientos mas prolongados a
50° C la reparacion del nucleoide es cualitativa-
mente diferente, ya que durante una primera fase el
nucleoide se asocia con proteina.
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