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Bacterial Phenotype Switching via Large-Scale Chromosome Flip-Flop Inversion
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In this study found that a bacterium that generates a reversible, large-scale inve
rsion of its chromosome (about half of its total genome) at high frequencies of up to once every four gene
rations. This inversion switches on or off bacterial phenotypes, including colony morphology, antibiotic s
usceptibil- ity, hemolytic activity, and expression of dozens of genes. Quan- titative measurements and ma
thematical analyses indicate that this reversible switching is stochastic but self-organized so as to main
tain two forms of stable cell populations (i.e., small colony variant, normal colony variant) as a bet-hed
ging strategy. Thus, this heritable and reversible genome fluctuation seems to govern the bacterial life c
ycle; it has a profound impact on the course and outcomes of bacterial infections.
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Figure 1. Characteristics of S. aureus
Mub0Q and its derivatives. Cell
populations of Mub0Qconsist of two forms
of cells that produce small- and
normal—-sized colonies on agar plates (A).
Small colony descendants (small colony
variant, SCV, e.g., Mub0Q1) produce cell
populations that mainly form small
colonies with a minor proportion of normal
colonies (A: No. 2, 5, 7), whereas normal
colony descendants (normal colony variant,
NCV, e.g., Mub0Q2) produce cell
populations that mainly form normal
colonies with a small proportion of small
colonies (A: No. 3, 4, 6), thus reflecting
colony—phenotype  conversion. Genomic
comparisons indicate that approximately
half of the chromosome genome of SCV is
inverted relative to that of NCV (B). An
additional study reveals that the
phenotype conversion between NCV and SCV
is mediated by reversible genome inversion
through two mutually homologous loci
present in the left and right chromosome
replichores (C).
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Figure 2. Asymmetrical probabilities of
genome flip—flop inversions in Mub0Q 1 and
Mub0Q2. Growth curves of Mub0Q1 and
Mub0Q 2 in the batch cultures are shown as
a function of time. The points shown with
blue circles and red diamonds indicate the
number of cells with type A and type B
genomes, respectively. The solid and
dotted lines are the calculations with

generalized Lotka-Volterra equations
applied to the competitive growth of
bacteria with type A and type B genomes,
where the optimal values of the parameters
are chosen to fit the experimental data (ST
Materials and Methods). Note that the
ratio of cell number with type A to type
B genome is almost constant for both
Mub0Q 1 and Mub0 Q2 and that the reversion
rate from NCV to SCV (Graphic) is 12. 5-fold
higher in Mub0Q 1 compared with Mub0Q 2.

3

A 2 r

‘§ i8 |

= o

e 2 5

2 §° 1.6

<

=" |

= % 1.4

g 8 i

.5 =§ 1.2

|

o8 "/ b c

B recA expression
3 T Mu50L22(pL.C1)

S g = MuS0Q2(pL.Cl-recA)
§§ 35 ®Mu5002(pLCl-anti-recA)

=

S8 30

E‘E 2.5

S .. 20

= 1.5

=

“ 2 10

S &

g8 °°

=1
= 0.0

o 1 2 5
AHT induction time (hour)

Figure 3. Overexpression of recA increases
the rate of NCV to SCV conversion. (A)
Expression level of recA was normalized

with the expression level
16S-rRNA1 (a), gyrB (b), and pta (c),
respectively. Data shown are three
independent determinations with
double—set experiments. Note that recA was
highly expressed in Mub0Q 1 compared with
Mu50Q2. To study the impact of recA on the
reversion between SCV and NCV, the whole
recA and its 522-bp-long antisense
fragment with the covering promoter region
were cloned under tetO/xyl promoter of
pLCl (Fig. 9) to construct pLCl-recA and
pLCl-anti-recA. The resulting vectors
were introduced into Mub0Q2 cells of
genome type B to test the conversion rate
from NCV to SCV in comparison to the
control strain, which was introduced in
control vector pLCl. (B) Note that
although overexpression of recA antisense
reduced the rate of NCV to SCV conversion
slightly, the overexpression of recA
increased the rate of NCV to SCV conversion

of genes



about threefold, indicating an
association between genome inversion and
the recA expression level. Data shown are
from three independent experiments. AHT,
anhydrotetracycline
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