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The rates of DNA synthesis during the cell-division cycle were measured in
Myxococcus xanthus growing in three different media permitting a twofold
variation in doubling time. In all three media, simple DNA cycles were observed.
Synthesis of DNA occurred during 85% of the cell-division cycle, independent of
generation time, from 5 to 11 h. Cells were observed to contain one bacterial
nucleoid at birth that later divided synchronously midway through the cell cycle.
Nucleoid segregation appeared to begin before chromosome replication was
completed. The DNA content of exponential-phase bacteria was determined to
be about 20 ± 3 x 10-91 g per cell; newbom bacteria contained about 14 ± 2 x
1o-9 ,ug of DNA per cell. Exponential-phase bacteria showed about a 50% increase
in DNA in the presence of chloramphenicol (50 itg/ml). The number of randomly
segregating chromosomes present in exponential-phase bacteria was determined
by following the fate of prelabeled DNA during outgrowth in nonradioactive
media. The results are consistent with a model in which cells are born with
exactly one complete unreplicated chromosome. The molecular weight of such a
chromosome is about 8.4 ± 1.2 x 10P.

Myxococcus xanthus is a gram-negative, rod-
shaped bacterium which in nature commonly
grows in soils on decaying organic material or
by preying upon other microorganism (8, 9, 26).
The bacteria generally hunt by gliding over solid
surfaces and by synthesizing extracellular en-
zymes and antibiotics (22, 24, 25). Under certain
nutritionally limiting conditions or in the pres-
ence of certain chemical signals (4, 15), vegeta-
tive cells aggregate to form mounds and later
sporulate. Mounds of mature myxospores are
referred to as fruiting bodies. The complex life
cycle of the myxobacteria makes them an at-
tractive model system for the study of gene
regulation and cell-cell interactions.

In this report, we expand our previous work
on chromosome replication during the cell-divi-
sion cycle (31) by studying DNA synthesis in
cells growing vegetatively in a complex medium
and in two defined media. It should be noted
that all experiments were performed on expo-
nential-phase cells without inducing cell syn-
chrony. Synchronous patterns were recon-
structed by sorting fixed bacteria on the basis
of cell length, since we had previously found
that cell length (but not cell width) increases as
a function of cell age (29,31). These experiments
clarify the nature ofthe chromosome-replication
cycle of M. xanthus and show a pattern of dis-
continuous replication cycles at different growth
rates. This information, together with measure-
ments ofDNA per cell, allow us to estimate the
size of the M. xanthus chromosome.

122

MATERIALS AND METHODS
Bacteria. The bacterium used was Myxococcus

xanthus strain DZ-1. DZ-1 is a nonmotile, nonfruiting,
dispersed-growing strain which grows particularly well
on the Witkin-Rosenberg defined medium (27). It was
isolated as a streptomycin-resistant (1 mg/ml) clone
of strain ER1 obtained from Eugene Rosenberg. Strain
ER1 is a nonmotile descendent of strain FBmp de-
scribed previously (31). Strain DZ-1 grows slightly
faster than strain FBmp in defined (D16) medium
and slightly slower in Casitone (CT) medium.
Media and growth conditions. CT medium con-

tains 1% Casitone (Difco) and 0.1% MgSO4- 7H20 in
distilled water. The D16 medium contains 16 amino
acids; it has been described previously as medium Ml
minus tryptophan (27). The defined medium minus
L-lysine and L-threonine (D14) has been used previ-
ously by Filer, Rosenberg, and Kindler (10). All cul-
tures were grown at 30°C under conditions ofvigorous
gyratory shaking. M. xanthus strain DZ-1 was subcul-
tured for several weeks to adapt the cells to the D16
and D14 media. The adaptation was lost if the cells
were subsequently grown in rich medium. The gener-
ation times of the celLs grown in D16 and D14 gradu-
ally improved until they were 6 and 11 h, respectively.
Cells growing in CT medium showed generation times
of about 4.5 to 5 h. This is the fastest growth rate we
can obtain with this strain at 30°C.
Autoradiography experiments of cells pulse-

labeled with [3H]thymidine. Cultures were labeled
by pipetting 2 ml of cells into 18- by 150-mm test
tubes containing [methyl-3H]thymidine (3.0 Ci/mmoL
Schwarz BioResearch, Inc.) which had been lyophi-
lized to dryness (CT medium, 400 #Ci; D16 medium,
100 #Ci; D14 medium, 100 QCi). The test tube cultures
were incubated with shaking for 20 min at 30°C. The
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incubation was terminated by adding 1 mg of thymi-
dine and placing the cultures on ice. The bacteria
were collected by centrifugation at 3,000 rpm for 10
min at 40C. The pellets were then washed twice with
10 ml of cold 0.1% MgSO4. The washed cells were
suspended in OA ml of 0.1% MgSO4, spread on clean
microscope slides, and air dried. The bacteria were
fixed with 2% formaldehyde for 30 a and washed by
dipping successively in four beakers containing 5%
trichloroacetic acid and 0.5% sodium pyrophosphate.
The slides were then rinsed with distilled water and
air dried.
The slides were prepared for autoradiography as

described previously (31). The developed slides were
examined under a Zeiss microscope and photographed.
Length measurements of cells were made from the
calibrated photographs. Grain counts were made by
locating the photographed fields under the microscope
and focusing on the grains. Every intact bacterium
photographed was analyzed.
Nucleoid staining. Cultures of M. xanthus DZ-1

were grown to 2 x i08 to 4 x 10' cells per ml in CT or
D16 medium. The cells were then treated with chlor-
amphenicol (50 pg/ml) for 20 min to allow the nu-
cleoids to condense (16, 28). Then the bacteria were
spread on microsope slides and allowed to air dry.
The slides were placed in methanol for 2 min to fix
the cells and then incubated for 30 min at 370C in
boiled (10 min) pancreatic ribonuclease (100 pg/ml).
The slides were washed with water and then stained
for 30 min in Giemsa solution. The stained bacteria
were examined under the microscope and photo-
graphed. Cell length measurements were made from
the calibrated photograpbs. Stained nucleoids were
counted by locating the photographed fields under
the microscope and focusing on the nucleoids.
Diphenylamine measurements of DNA per

cell. Samples (10 ml) of cultures were removed for
DNA analysis and cell counts. The celLs were collected
by centrifugation at 0°C and washed with 5 ml of 0.01
M phosphate buffer, pH 7.0. The cells were treated
with 10% perchloric acid for 1 h at 0°C and then
centrifuged at 10,000 rpm for 20 min. The DNA in
the pellet was assayed as described by Burton (3). All
assays were performed in quadruplicate, using both
calf thymus DNA and deoxyadenosine as standards.
Cell counts were performed using a Petroff-Hausser
counting chamber. At least 1,000 cells were counted
for each determination.

Fluorometric measurements of DNA. The
amount of DNA per cell was also determined by the
ethidium bromide fluorescence method (20). The pro-
cedure used was a modification of that first suggested
by Klotz and Zimm (18). Cultures ofM. xanthus were
grown in CT medium. At about 2 x 108 cells per ml,
40 ml of culture was removed and centrifuged in the
cold at 6,000 rpm for 10 min, then washed with cold
0.1 M boric acid buffer, pH 8.15. The pellet was resus-
pended in 5 ml of boric acid buffer, and triplicate 1-
ml samples were lysed with 3.2 ml of standard lysis
mix consisting of 12.0 ml of Pronase (4 mg/ml, B
grade, Calbiochem), 2.0 ml of Brij 58 (10%, Pierce
Chemical), and 6.0 ml oflysozyme (2 mg/mL A grade,
Calbiochem). All solutions were in BA which con-
tained 10mM EDTA. The remainder of the cells were
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fixed in 2% formaldehyde and counted in a Petroff-
Hauser chamber as described.

Lysates of Escherichia coii B/r, which are some-
what harder to obtain than those of M. xanthus, were
prepared in the following manner. One milliliter of
resuspended cells was treated with 0.6 ml of lysozyme
(4 mg/ml) and 10% Brij for 60 min at 50°C. At this
time, 0.5 ml of Pronase (4 mg/ml) was added, and
the cells were incubated for an additional 30 min.
Finally, 2.1 ml of standard lysis mix was added, and
the mixture was left at 50°C for the remainder of the
3-h lysis period. Complete clearing was accomplished
in 1.5 to 2 h.

Ribonuclease digestion was performed on all sam-
ples except for appropriate controls by adding 0.1 ml
of boiled ribonuclease A (1 mg/ml, Worthington) to
each tube and incubating for at least 2 h at 250C. By
this treatment, competing RNA was removed. Deox-
yribonuclease controls were also done by adding 0.1
ml of deoxyribonuclease I (1 mg/ml, Worthington) in
the presence of 0.1 M CaCl2 and incubating for at
least 4 h at 25°C. Ethidium bromide was then added
to all samples at a final concentration of 10 mg/ml.
Fluorescence was determined on a Hitachi-Perkin-El-
mer fluorometer, using an excitation wavelength of
528 nm and an emission wavelength of 582 nm. The
standard curve was made with salmon testes DNA
(Worthington).
Autoradiography of cells prelabeled with [IH]

thymidine and then grown in nonradioactive
medium. M. xanthus was grown for 3.5 generations
(21 h) in D16 medium (2 ml) containing 10 pg of
thymidine per ml and 200pCi of[methyl3Hlthymidine
(3.0 Ci/mmol, Schwarz BioResearch, Inc.), which had
been lyophilized to dryness. During this time, the cells
grew from 6 to 70 Klett turbidity units. The cells were
then chilled and centrifuged at 5,000 rpm for 10 min.
The cells were washed with cold 0.1% MgSO4 contain-
ing 200 ug of thymidine per ml, and then suspended
in conditioned medium obtained by centrifuging out
the cells from a parallel nonradioactive culture of
similar turbidity. The medium was supplemented with
200 pg of thymidine per ml. The culture was grown
at 300C with shaking. The turbidity of the culture
was monitored carefully so that samples could be
taken at 1-generation time intervals. At 0, 1, and 2
generations, 0.2-ml samples were removed from the
culture. The bacteria were spread on clean microscope
slides and air dried. The slides were treated with
trichloroacetic acid and prepared for autoradiography
as described above. All slides were exposed and devel-
oped for an identical period of time (5 days). Control
experiments indicated that this was important for
comparing samples since the sensitivity of the gelatin
emulsion was lightly higher initially and only became
linear after several hours. The slides were stained with
methylene blue and examined under the light micro-
scope for grain counts. Only cells visibly dividing were
scored in this experiment.

RESULTS
Rate of DNA synthesis during cell-divi-

sion cycle in different growth media. The
rate of thymidine incorporation into individual
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cells ofM. xanthus growing in a defined medium
D16 has previously been described (31). The
results indicated the esistence of a simple DNA
cycle within the cell-division cycle, consistng of
gap, synthesis, and second gap periods (21). Us-
ing the same technique of reconstructed syn-
chrony, we have now measured the rates of
DNA synthesis in cells growing in rich medium
(CT) with generation times of about 5 h and in
defined media (D16 and D14) with generation
times of about 6 and 11 h, respectively (Fig. 1).
The technique consists of exposing exponential-
phase cultures of bacteria to relatively brief
pulses of [8H]thymidine, removing acid-soluble
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FIG. 1. Rate ofDNA snthesis dwuing cell-division
cycle. Exponential-phase cultures ofM. xanthus were

grown in CT or either D16 or D14 medium. The cells
were pulse-labeled for 20 min with pHJthymidine
and then prepared for autoradiography and cell

length measurements as described in Materials and
Methods. The mean number of silver grains for each
size group is plotted as a fwnction of the 20 size
groups as an exponential function. This representa-
tion places the rate of DNA synthesis on a linear
time and age scale. Dividing ceUs were scored as

two small cells and were placed together in the first
size groups, since they were assumed to be younger
than the smallest nonseptated cells. Dividing ceU
data are alsoplotted after 1.0generations to complete
the ceU cycle, since dividing ceUs can also be consid-
ered the oldest ceUs. The I, C and D periods are as

described by Pierucci and Helmstetter (23). They were
estimated directly from these data, assuming that
the DNA cycle corresponds to the replication cycle
ofone chromosome.

radioactivity, and then preparing the celLs for
autoradiography. The mean number of grains
per cell in each size group was measured (Fig.
1). The data show that, in all three media, cells
exhibit similarDNA synthesis cycles: (i) dividing
cells synthesize little or no DNA; this is followed
by (ii) a linear increase in grains per cell, (iii) a
plateau region, and (iv) a period of decrease in
grains per cell. Analysis of the distribution of
silver grains within the size groups shows that
all cells in the plateau regions of the cell cycles
show a Poisson distribution of grains and are,
therefore, synthesizing DNA at constant rates.
The data presented in Fig. 1 show that at

generation times of 5 to 11 h the chromosome
replication time increased from 4.3 to about 9.6
h. However, theDNA synthesis period remained
a constant fraction of the cell-division cycle,
about 0.85. Similarly, the period between cell
separation and the start of DNA synthesis in-
creased from 0.4 to 0.9 h as the generation time
increased from 5 to 11 h. In contrast, the period
between the end of DNA synthesis and cell
division was constant at all growth rates, about
0.5 h.
Nucleoid replication during cell-division

cycle. Reconstructed synchrony can also be
used to study bacterial nucleoid replication dur-
ing the cell-division cycle. Exponential-phase
cultures ofM. xanthus were treated briefly with
chloramphenicol to block protein synthesis and
allow the nucleoids to condense (16). The bac-
teria were examined under the light microscope,
and each cell was scored both for length and
number of stained nucleoids. The data are
grouped to show the number of nucleoids pres-
ent in cells of different size groups or age groups
(Fig. 2). In both CT and D16 media, almost all
cells were born with one nucleoid; the number
of nucleoids was observed to double about half-
way through the cell cycle. However, since con-
densed dividing nucleoids are dumbbell shaped,
they appear as two nucleoids prior to the com-
pletion of chromosome replication (5). Thus, the
actual time of the completion of nucleoid divi-
sion cannot be determined precisely by micro-
scopic observations.
Analysis of DNA per cell The amount of

DNA present in exponential-phase cells of M.
xanthus was determined chemically using the
Burton diphenylamine procedure (Table 1).
Measurements were made with cells grown in
both the CT and D16 media. The amount of
DNA per cell was 20 + 3 x 10' yg in both
media. The error in these measurements is esti-
mated from the values obtained in several du-
plicate experiments. Since newborn cells have
replicated about half their DNA midway in the
cell-division cycle (Fig. 1), we can estimate the

J. BACTERIOL.
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FIG. 2. Nucleoids per ceU during cell-division cy-

cle. Exponential-phase cultures of M. xanthus were
grown in CT medium or in D16 medium. Cels were
spread on microscope slides and analyzed for nu-

cleoid number and ceU lekngth. The bacteria scored
in these experiments were divided into 20 approxi-
mately equal size groups on the basis of cel length.

amount of DNA in these cells at about 14 ± 2
x 10-9 g.

An alternate method for estimating the
amount of DNA present in baby celLs can be
obtained by allowing chromosomes to complete
their replication while blocking new chromo-
some initiation. This can often be achieved in
bacteria by blocking protein synthesis with high
levels of chloramphenicol (19). The results of
such an experiment are zed in Table 1.
Exponential-phae cultures growing in CT or
D16 medium were treated with chloramphenicol
(50 pg/ml) and allowed to incubate at 300C for
5.5 to 7 h, respectively. Under these conditions,
the amount of DNA as well as cell number per
milliliter increased. The amount of DNA per

initial cell number (see Table 1), about 31 x
10-9, should represent the amount ofDNA pres-
ent in cells with fully replicated chromosomes.
Baby cells would then contain about half the
amount of DNA, 15.5 ± 2 x 10-9 pg per cell.
Because of the large errors observed in the

TABLE 1. Chemical analysis ofDNA per ceU in
exponential-phase cells and in chloramphenicol-

treated ceie
DNA (pg) per.

Medium Untreated Chloramphenicoltreated

Cell Baby celib Cell Baby celld

CT 20.2 x 10` 13.5 x 10- 32.5 x 10' 16.2 x 10-9
20.5 x 1lve

D16 21.6 x 10' 14.4 x 10-9 30.2 x 10-9 15.1 x 10-9
a M. xanthu8 strain DZ-1 was grown in CT medium (gen-

eration time, 5 h) or D16 medium (generation time, 6 h). At
time zero, chloramphenicol (50 gg/ml) was added to the cul-
tures. Samples (10 ml) were immediately removed for DNA
analyss, using the Burton diphenylamine procedure (see Ma-
terials and Methods), and for cell counts. The remainder of
the cultures was allowed to incubate for an additional 5.5 h
(CT medium) or 7 h (D16 medium) to allow for chromosome
completion. Samples were also removed at the end of the
incubation period for DNA analysis and cell counts.

& The values are calculated from the data presented in this
Table and Fig. 1. Figure 1 shows that the average cell has
replicated about 50% of ts DNA.

cThe values are calculated by using the cell number at
time zero, since we are interested here in the amount of DNA
present in cells with fully replicated chromosomes. The cell
number was observed to increase 29.8% (CT medium) and
28.4% (D16 medium) in the presence of chloramphenicoL

dThe values are one-half those found in cells incubated in
chloramphenicol. They are based on the assumptions that
chrommes are completed in the presnce of chloramphen-
icoL but not initiated, and that dichotomous multifork repli-
cation does not nornally occur in M. xanthus.

'This value was obtained using the ethidium bromide
fluorecence technique (see Materials and Methods). As a
control, this technique showed E. coli B/r grown in glucose
minimal medium to have 9.0 x 10-9 pg/cell.

diphenylamine measurements of DNA, the
amount of DNA per cell was also determined
by the ethidium bromide fluorescence method
of LePecq and Paoletti (20). Table 1 shows that
exponential-phase cells growing in the CT me-
dium contain 20 ± 1 x 10-9 pg of DNA per cell,
a value which agrees with our other determina-
tions. DNA per cell was also measured in expo-
nential-phase E. coli B/r grown in glucose min-
imal medium as a control. The value obtained,
9.03 x 10-9 pg per cell, is similr to the literature
value, 9.1 x 10-9 pg per cell (5).
Determinations ofnumber ofsegregating

chromosomes per celL The number of segre-
gating chromosomes present in exponential-
phase bacteria can be determined by following
the fate of prelabeled DNA from parent to
daughter cells. These experiments require scor-
ing the radioactivity in individual cells. A syn-
chrony procedure was devised for these experi-
ments based on the hypothesis that dividing
celLs, sampled from an exponential-phase culture
at generation time intervals, can be considered
a synchronous subpopulation. Accordingly, an

125VOL. 133, 1978
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exponential-phase culture was labeled for 4 gen-
erations with [5H]thymidine and then suspended
in a nonradioactive conditioned medium. Sam-
ples were removed after 0, 1, and 2 generations
of growth in the nonradioactive medium, and
the cells were prepared for autoradiography.
Only the silver grains above dividing sister cells
were scored in each sample. The predicted pat-
tern for random segregation of semiconserva-
tively replicated DNA is illustrated in Table 2
for cells with one or two chromosomes. It should
be noted that this kind of experiment could not
distinguish between one chromosome and mul-
tiple chromosomes with a linked pattern of seg-
regation, such as described for F' and the E.
coli chromosome (6). The experimental results
are presented in Table 3. The mean number of
silver grains per sister cell declined during out-
growth from 4.90 to 1.21. The more interesting
information is the mean number of silver grains
in individual sister cells. To obtain this infor-
mation the distributions of silver grains for sister
cells were analyzed (Fig. 3). Figure 3a and b
show Poisson distributions for all sister cells
sampled at 0 and 1 generations. Therefore, sister
celLs A and B in each matched pair of dividing
cells have the same means (Table 3). Figure 3c
does not show a Poisson distribution, indicating
nonequivalence between sisters. Accordingly,
each pair of sisters was considered separately
as sister A, the more radioactive sister, and sister
B, the less radioactive sister. The new distribu-

tions were analyzed separately in Fig. 3d. Now
a Poisson distribution is obtained for the more
heavily labeled sister A. Sister B has only a
small amount of radioactivity; it does not show
a Poisson distribution, however, indicating het-
erogeneity in this class. Some of this heteroge-
neity can be accounted for by the occasional
(about 5%) birth of a cell with two nucleoids
(see Fig. 2); some may be due to genetic recom-
bination. In addition, it is possible that these
cells may contain some plasnid DNA. Plasmids
have been reported in a different strain of M.

TABLE 3. Autoradiographic data on segregation of
DNA after ceU growth and divisiona

Generations Mean grains/
in non- No. of sister Mean grai/ sisWter cellb
radioac- cells scored sister cell

tive medium Cell A Cell B
0 204 4.90 4.90 4.90
1 410 2.47 2.47 2.47
2 832 1.21 2.22 0.20

a M. xanthus was grown in the D16 medium supplemented
with ['H]thymidine for 3.5 generations. The cells were then
washed free of the radioactivity and supended in nonradio-
active, conditioned medium as described in Materials and
Methods. At the times indicated, samples were removed and
prepared for autoradiography. Only dividing cells were scored
for grain counts since, at one-generation time intervals, divid-
ing cells represent a synchronous subpopulation. Background
grain counts were less than 0.05 grains/cell and were not
subtracted from the data.

"The basis for discriminating between the two sister cells
is presented in Fig. 3 and is described in the text.

TABLE 2. Predicted segregation patterns forprelabeled chromosomes

2 IC

MODEL 1: I Chromosome Per Cell MODEL 2: 2 Chromosomes Per Cell

Generations
in

unlabeled Chromosomes per Relative Chromosomes per Relative
medium dividing cell radioactivity dividing cell radioactivity

Cell A Cell B Cell A Cell B Cell A Cell B Cell A Cell B

0 4.90 490 4.90 4.90

CP~'~3
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(c)(d
2generations2 generations

A

B

""O1 23 4 5678 0123 4 5-6 0 1 23 4 56 0 12 3 4 5-6

FiG. 3. Distibution of radioactive DNA in dividing cells following growth and division in nonradioactive

medium. The distribution of silver grains in the dividing cells pre-sented in Table 3 wa-s analyzed

suggested by Hanawalt et al. (12). The fr-equency futnction, log [P1.) nIl, is plotted as the ordinate, where n

the number of silver grains per cell and P(5) is the fr-action of cells containing n number of grain2. The

abscissa is n, the number ofgrainsper celL A straight line indicates a Poissn di-stribution, since in P1n) n!

= n In n n. (a, b, and c) Distribution of silver grains observed after 0, 1, and 2 generations. The mean-s

obtained fr-om the slopes of(a) and (b) arepresented in Table 3. Since (c) does not show a Poisson distribution,

the data were replotted in (d) to show the distribution obtained if a dividing cell is considered as one

heavily labeled sister (A) and one lightly labeled sister (B).

xanthus (2). The results obtained in this exper-

imnent agree very closely with model 1 (Table

2), and are inconsistent with a two-chromosome

model in which there is random segregation of

DNA. These data to not rule out the possibility,

however, that cells contain two chromosomes

and that daughter cells always receive both Wat-

son strands or both Crick strads during segre-

gation.

DISCUSSION

The data presented clarfy the pattern of chro-

mosome replication during the cell-division cycle
of M. xanthus. Chromosome replication does

not take place throughout the cell-division cycle
but rather is restricted to a specific interval

within the cycle. The length of the DNA-repli-
cation period increases at slower growth rates

but rmisa constant fraction (0.85) of the cell

cycle. Throughout the synthesis periods, the

rates of replication remain constant as reported

previously (31).

The amount of DNA present in exponential-
phase bacteria was found to be constant, within

experimental error, in all growth media used.

The amount of DNA, 20 3 x 10O9 Itg/cell, is

actually not very different from the value ob-

tained for E. coli growing in rich broth (5).

However, it is now known that E. coli, under

these rapid growth conditions, contains multiple

copies of its chromosome, each of which is rep-

licating with multiple pairs of replication forks

(7). Our data indicate that M. xanthus growing
in the media we used probably does not reini-

tiate chromosome replication prior to comple-
tion of a round of replication, since we only
observe about a 50% increase in DNA following
chloramphenicol addition (Table 1). These re-

sults agree with those of Kimnchi and Rosenberg
(17), who found a 40% increase in thymidine

incorporation after chloramphenicol addition.

The pattemn of DNA segregation (Table 3)

indicate-s that all or almost all of the DNA in

M. xanthus segregates as a single unit. It is not

possible to determine from these experiments,

however, if this single segregation unit repre-

sents one or several genetically linked chromo-

somes. This information can be obtained by

physical studies of the size of the DNA. Visco-

elastic experiments (18), performed in collabo-

ration with Brian Bowen in Brnmo Zimm's lab-

oratory, indicate that the molecular weight of

M. xanthus DNA is very large, about 8.2 ± 1.5

x iO' (unpublished data). This value is large
enough to account for all the DNA present in

newborn cells. If the amount of DNA reported
in Table 3, 14 ± 2 x 10-9jug/newborn cell, were

organized into a single chromosome, it would

have a molecular weight of 8.4 ± 1.2 x This

value is between three and four times the size

of the chromosome of E. coli. Further, the reas-

sociation kinetics (1) of M. xanthus DNA have

(b)

generations
Iooo[

10OF
Io~

-. 1.0
ic

:a

(a)

0 generations

.10~

.010~
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recently been studied by Fred Schachat and
Johnathan Hodgkin ofStanford University (per-
sonal communication). Analysis of their data
indicates a genome complexity about 3.5 times
greater than that of E. coli. Thus, the simplest
interpretation of the data available is that cells
of M. xanthw contain a single, very large, non-
replicating chromosome at birth (division) and
that the chromosome replicates once during the
cell-division cycle.

It should be noted that the value for the
chromosome molecular weight reported here is
larger than in our earlier report (30). That study
was based on autoradiographic experiments fol-
lowing outgrowth ofglycerol-induced spores. We
think that the experiments reported here, using
exponential-phase cells, are easier to interpret
and subject to fewer errors.
In conclusion, the experiments reported here

show the chromosome replication cycle in M.
xanthus to consist of three well-defined seg-
ments. This DNA cycle is similar to that of E.
coli growing at slow growth rates (11) since
synthesis is discontinuous. However, unlike
many stains of E. coli, two gap periods are
observed. Recently, Helmstetter and Pierucci
(13) have found that some strains of E. coli B/r,
but not others, show two gap periods at slow
growth rates. The simplicity of the DNA cycle
in M. xanthus may be important in nature for
rapid segregation of cellular DNA during star-
vation and the initiation of fruiting-body for-
mation.
The chromosome of M. xanthus appears to

be very large. At least some of this complexity
might be accounted for by the developmental
cycle, which involves cellular aggregation and
fruiting-body formation. M. xanthu8 is not noted
for its nutritional diversity, however (14). The
function and selective advantage for this large
amount ofDNA remains a mystery.
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