UCL

Université

=A)] Mathematical Modelling of the Gene Regulatory Network governing
rorm Natural Transformation in Streptococcus thermophilus

BELGIUM

Laurie Haustenne!, Georges Bastin?, Astrid Wahl!, Brigitte Delplacel, Laetitia Fontaine! and Pascal Hols?

1) Biochimie et Génétique Moléculaire Bactérienne, Institut des Sciences de la Vie, Universite catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
2) Department of Mathematical Engineering, ICTEAM, Université catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium

. . Variable Description Unit
CO nteXt O bJ eCtlve & Strategy X(t) Cell concentration cell /L.
ComS(t) Number of molecules of precursor ComS (24 a.a.) mol /cell
. _ _ ComS“**(t) Concentration of extracellular ComS (7-11 a.a.) mol /L
The Gram-pOSItIVG bacterium StreptOCOCCUS thermOph”US has the _ _ : _ ComS*(t) Number of molecules of reimported mature ComS mol /cell
ab|||ty to capture exogenous DNA from 1ts environment and to Stab|y The alm Of thIS Stu dy IS 1O deve|0p a dyﬂamIC ComR(t) Number of molecules of ComR mol /cell
- L - - - - - ' ComRS(t) Number of molecules of the complex C : (ComR-ComS*)s mol /cell
Integrate 1t INnto I1ts genome. ThlS phenOmenOn, which Is Ca”ed mathemathal mOdeI Of the COmpleX network reQUIatlng ComX(t) Number of molecules of ComX mol /cell
competence for .natural tran.SfOrmathli], IS very COStIy. for the bacteria Competence Based on Ordlnary dlﬂ:erentlal equatlons’ the ComZ(t) Number of molecules of the putative repressor of early phase mol/cell
from an energetic point of view. This iIs why the physiological state of model parameters are set according to prior knowledae e Variablos descrinic o
. . . Y t ts.
competence is both transient and fine-tuned by a complex regulatory par: - ng to p | 9 9, =, TATEDTES TEREIPTON A T
network. and experimental data. In silico simulations will allow to X1 _ L ox o n
. : . . di " "
test different hypothesis and to orient future experiments
In Streptococcus thermophilus, competence for natural transformation is consequently.  dComS(E)
regulated by the ComRS signalling system : T ~ LowCom5(t) = dsComS(t) — ult)Com5tE) 2)
exportation degradation growth
- Experimental data Is generated by analyzing the specific luciferase
ext . . . . . . . . . By
C‘(’)r(‘;‘s) Aml activity in different reporter strains. The insertion of an ectopic copy of the d ; U 1 ComS(D)X (1) — rinComS™" — dge Coms™ (1) (3)
promoter of the key early genes (comR, comS, comX) upstream of the | exporiation “mportation Tegradation
3 luxAB reporter genes allows us to monitor the specific promoter activities
* X throughout the growth. This time-series is our proxy for the production f“’-'”"‘”;;"”' () :‘"w"_ (ComR(t)ComS* ()" — ds. ComS™ () — u(t)ComS* (t) (4)
rates of the corresponding genes. The luciferase activities are also — C: formation degradation growth
o o measured In mutant strains, deleted for each early gene.
dComA (t) — — 1 (ComR(1)ComS™ ()" —drComR(t) — u(t)ComR(t) (5)
s ComSet ) dt - — PN — - — -
' formation degradation grotwth
< ComS* B X(t) = OD_600
s C R 1,B0E+07 ’/\ ' | .
C o . / \ dComRS () _ L (ComR(H)ComS* (£))" — D(ComZ(t)ComRS) — drsComRS (t) — u(t)ComRS(t)  (6)
. Another essential e / \ ; o & < . T Thmm T
& - . 0,4 ean C. formation shut-o degradation growth
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the model is the o SE8833R 228522583 dComX (t) L ComX (£) — p(t)ComX (1) 1)
KX . . - = —d. . Clom ) — pi(t)Com. |
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Fig. 1. The ComRS signalling system. by mea-SUﬂng | . 1 \ dComZ (1) _, s ( ComX (1) ) 1 ComZ (8) — ue)ComZ(® )
= bz +a — —dzCom2 (t) — p(t)ComZ|(
In the current model (1), the peptide pheromone ComsS is processed and exported the optical cell density. o / 7[ at T ez ComX (1)) et e
outside the cell (ComSext, a.k.a. XIP), and is next reimported by the oligopeptide | | ] y activation by ComX |
transporter Ami. In the cytoplasm, mature ComS (ComS*) directly interacts with the HoEE —7 Fig. 4. The system consists in eight equations : blue = growth terms, green = luciferase activities, red = extracellular.
competence regulator ComR. This interaction stimulates the binding activity of ComR _—— #_____________L/ .l

dimers on the promoter sequence of comX, encoding the alternative sigma factor that S3555333553330304RdG ARt iiatanaaa -
controls the expression of genes involved in the uptake and integration of exogenous Fig. 2. Growth curve (OD600) and luciferase curves (RLU/OD). PerSpeCtlveS
DNA in the host genome. The ComRS complex also activates the transcription of comS,

resulting in a positive feedback loop, which may be essential for the coordination

Systems of ordinary differential equations are a powerful tool to model both the

of competence development inside the bacterial population. The dynamics of the network regulating competence will be modelled structure and the dynamics of a network. Hence it will help us to understand how
by a set of ordinary differential equations (ODE’s). Each equation the different actors involved in competence regulation interact with each other,
A lot of questions about the ComRS regulatory cascade still remain open. describes the temporal behaviour of one particular molecular species and to test different hypothesis about the regulatory network, leading to new

experiments. Moreover, it has been shown that additional regulatory systems
directly interfere with the ComRS system. It would therefore be interesting to
enlarge our system in order to include the effect of these additional regulators, as

Indeed, it is not known how comR is upregulated during competence (Fig. 3), in accordance with the cellular growth equation (Fig. 4).
Initiation nor how environmental parameters are integrated to fine-tune the

activity of the ComRS complex. Moreover, very little is known about the Since the luciferase curves can be directly used as production rates well as the effect of environmental parameters such as pH and temperature.
shut-off mechanism of the competence state. In Streptococcus

pneumoniae, it has recently been shown that the alternative sigma factor (green terms), only a few parameters still need to be determined (mainly

activates a protein responsible for both the integration of the ssDNA and the degradation and transport rates).
repression of the early phase (2). Similarly, in Streptoccus thermophilus, a ReferenCeS

AcomX strain exhibit a stronger and longer early phase (unpublished data), While the wild-type luciferase profiles are used to calibrate the _ _ - o _

: : .. : : i i i i i 1) Fontaine L. et al. 2013. Mechanism of competence activation by the ComRS signalling system in
which could suggest the existence of a similar shut-off mechanism relying parameters (l.e. as Iearnlng SEt), the proflles from deleted strains will streptococci. Mol. Microbiol. 87(6):1113-32.
on a neg ative feedback Ioop. COnStitUte the Va"datiOn set 2) Mirouze N. et al. 2013. Direct involvement of DprA, the transformation-dedicated RecA loader, in the shut-

off of pneumococcal competence. Proc. Nat. Acad. Sci. U S A. 110(11):E1035-44.




