Transcriptomic response of phytopathogen Dickeya dadantii to an
increase of DNA supercoiling by novel antibiotic seconeolitsin
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DNA double- heI|x deformatlon resultlng from torsional stress

essential mechanlsm of bacterlal chromosome compactlon

DNA supercoiling
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A novel antibiotic inhibiting topoisomerase | studied on Dickeya dadantii

Novobiocin
- inhibits DNA gyrase,

thus inducing DNA relaxation
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Seconeolitsin, a non-marketed antibiotic
- synthetized from boldine [2]

- previously studied on Streptococcus pneumoniae [3], never on Gram - bacteria
- inhibits DNA topo1, thus increasing DNA supercoiling [3]
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Supercoiling level modification
Chloroquine gel electrophoresis
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Transition to stationary phase

4

. 50uM 100pg/mL 50uM |100ug/mL
Condition  |Control SCN NOV Control SCN NOV
Supercoiling
Variation -0.014 |>0.008 -0.009 | >0.006

Migration of Dickeya dadantii
topoisomers 15 min after treatment

—> Seconeolitsin increases
DNA supercoiling in Gram -
bacteria

—> Novobiocin relaxes DNA

Dickeya dadantii, model organism
- Enterobacteriacea, Gram -

- causes the soft-rot disease in a
wide range of plantspecies

Examples of Dickeya
dadanti infected
carrots and potato

b

regulated by topoisomerases: essential and conserved enzymes

globally affects gene expression [1] but poorly studied mechanism

Joko et al. 2007

— How does seconeolitsin
affect transcription ?

— What are supercoiling
-sensitive genes ?
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High concentration: growth inhibition

Seconeolitsin effect on Dickeya dadantii growth
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—> Chosen concentration to modify supercoiling with a
sublethal dose : S50uM

Transcriptomic response to seconeolistin shock

Kinetic of gene expression after SCN shock

Seconeolitsin shock effect on biological functions
Functional enrichment analysis

avoidance of host defenses
cellular amino acid catabolic process
response to drug
SOS response
protein secretion by the type Il secretion system
drug transmembrane transport
amino acid transport
transport
transmembrane transport
nitrogen compound transport
DNA repalr
nucleobase-containing small molecule*
arginine biosynthetic process

cellular amino acid metabolic process
sulfur compound metabolic process
oxidation-reduction process
metabolic process
transmembrane transport
peptide transport
metal ion transport
sulfate transport
acquisition of nutrients from other organism**
iron ion transport
transport
bacterial-type flagellum-dependent cell maotility
cilium or flagellum-dependent cell motility

movement in environment of other organism**

tricarboxylic acid cycle
gluconeogenesis
anaerobic respiration
glycolytic process
fermentation
carbohydrate catabolic process

Exponential phase

Transition

Repression

cysteine biosynthetic process

cellular amino acid biosynthetic process
siderophore biosynthetic process
methionine biosynthetic process
achromobactin biosynthetic process

Categories

Motility
Transport
Stress response

Biosynthetic process
Carbohydrate metabolism
DNA and RNA modification

Other catabolic process
Other metabolic process

chrysobactin biosynthetic process
histidine biosynthetic process
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Proportlon of activated or repressed genes in function

genomic average

- Only a few over-represented functions
- Targeted genes functionally distant

—> Seconeolitsin acts globally on gene expression

More affected genes in expo, consistent with:
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fopA repression also observed in
Streptococcus pneumoniae [3],
against supercoiling homeostasis

time after treatment

activated by seconeolitsin and
by novobiocin

Exponential phase:

- large effect 5 min after shock,
- decreases but still present after 30 min

Transition to stationary phase:

- reduced effect in comparison to
exponential phase

—> Effective and sublethal treatment duration chosen for the study: 15 min

- the higher topo1 activity
- the stronger effect of seconeolitsin on supercoiling
(chloroquine gel)
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Comparison with novobiocin shock

Exponential phase

Transition

150

Supercoiling sensitive genes can :
- respond to both antibiotics in same or opposite directions
- be only affected by relaxation or supercoiling increase

Chromosomal view of the transcriptomic response
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—>» The transcriptomic response depends on the direction of supercoiling variations
and on the conditions.

—> Transcriptomic response to DNA supercoiling variations strongly depends on conditions

—> Genes affected by supercoiling increase are
distributed along the chromosome
— Complex and phase-dependent distribution

Selection mechanisms of differential expressed genes in response to seconeolitsin shock

Role of the promoter sequence in transcriptomic response
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Discriminator sequence :
involved in the transcriptomic
response to relaxation [4]

Exponential phase Transition
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—> Discriminator AT-content not significantly involved in the
transcriptomic response to supercoiling increase

Conclusion
—> Topoisomerase | inhibition by seconeolitsin leads to supercoiling increase, contrary to novobiocin treatment that

leads to relaxation.
—> Conformational changes of the chromosome induce a global transcriptomic response, with little functional enrichment
but a non-uniform spatial organization.
—> Supercoiling sensitivity is not an intrinsic property of a promoter. It depends on the physiological state of the cell
and the direction of supercoiling variations.

Role of gene orientation in transcriptomic response

proportion of
activated genes
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- Convergent genes more activated than divergent ones
- Consistent with the need of topo1 between divergent genes to
remove negative supercoils

—> Gene orientation involved in the transcriptomic
response to supercoiling increase
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