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Pseudomonas Aeruginosa

Ubiquitous

Multidrug, antibiotic resistant
(biofilm)

A leading cause of
healthcare-acquired infections

Considered the paradigm for
negative regulation in
m ultlklnase netWOI’kS FIgU F€: lllustration of P. aeruginosa by Kateryna Kon.




Antibiotic resistance: Biofilm formation
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Figure: Schematic illustration of biofilm

development of P. aeruginosa
(CC BY 4.0 (PS09)).

Figure: Formation of P. aeruginosa
biofilms observed by scanning electron
MiCrOSCOPY (cC BY 4.0 (BRAT14)).



Pseudomonas Aeruginosa: Biofilm formation
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Figure: Schematic illustration of part of the regulatory network of life style
control of Pseudomonas aeruginosa (cc By (8eH*19)).



RetS inhibits GacS

Figure: The three mechanisms used by RetS to inhibit GacS signalling.
(cc BY (FWFJt1s)).



Mechanism 1 (complete but too big)
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Flgu F€: RetS inhibiting GacS:

Mechanism 1 (CC BY (FWFJ118)).



Mechanism 1 (complete but too big)
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Figure: Rets inhibiting Gacs:

Mechanism 1 (CC BY (FWFJ118)).



Mechanism 1 (complete but too big)

Mechanism 1:

RetS,, + GacS,p, = X; —>
RetS,, + GacS,oe = X, —>
RetS,, + GacSy,, = X3 —>
RetS,, + GacS,,, = X, —>
RetS,, + GacSp,, == X5 —>
RetS,, + GacS,,, = Xg —>
RetS,, + GacS,,, == X7 —>
RetS,, + GacS,,, = Xg —
We have:

Spices: 44-8+8=20

Reactions: 5+17+24=65

Too big for Real Semi-Algebraic
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Figure: Rets inhibiting Gacs:

Mechanism 1 (CC BY (FWFJ118)).



Mechanism 1 (simplified)

Spices:
RetS, RetS,
GacS,, GacS,, GacS,, GacS,,
Solo reactions:
RetS, == RetS,

GacS,, — GacS,, — GacS,, — GacS,,
GacS,, —> GacS,, — GacS,,

Mechanism 1:

RetS, + GacS,,
RetS, + GacS,,

Xy — RetS, + GacS,,
X5 —> RetS, + GacS,,

I

Spices: 24+4+2=8
Reactions: 2+7+6=15

Flgu F€: RetS inhibiting GacS:

Mechanism 1 (CC BY (FWFJ*18)).



Mechanism 2 (simplified)

Spices:
RetS, RetS,
GacS,, GacS,, GacS,, GacS,,
Solo reactions:
RetS, == RetS,

GacS,, — GacS,, — GacS,, — GacS,,
GacS,, —> GacS,, — GacS,,

Mechanism 2:

RetS, + GacS,, == Y; —> RetS, + GacS,,
RetS, + GacS,, == Y, —> RetS, + GacS,,
RetS, + GacS,, == Y5 —> RetS, + GacS,,
RetS, + GacS,, == Y5 — RetS, + GacS,,

Spices: 2+4+4=10
Reactions: 2+7+12=21

Flgu F€: RetS inhibiting GacS:

Mechanism 2 (CC BY (FWFJ*18)).



Equations Mechanism 1

RetS, = x; GacSyo = X3 GacSpo = X5 X1 =
RetS, = x» GacSep = Xa GacSpp = X6 X5 =

Assuming mass-action kinetics:

X1 = —kioxixs — kiixixe + kixo — koxy + kioxz + kizxs
Xo = —kixo + koxy + kgx7 + koxg
X3 = —kaxz + kexs + kgxy

X4 = kyxs — ksxa — kexg + kogxg

X5 = —kiox1Xs + k3xz — kaxs + kxe + kiox7
Xo = —ki1x1x6 + ksxg — k7xg + ki3xg

X7 = kiox1X5 — kgx7 — kioxy

Xg = kiixixe — koxg — ki3xg
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Equations Mechanism 2

Y1 = x7 Ys = xg
Y2 = Xg Y5

X10

Assuming mass-action kinetics:

x1 = —kiaxixq — kuaxixg + kixa — kaxy + kgx7 + kioxo + kigx7 + kigxg
Xo = —k13xoxq — kisxaxg — kixa + kax1 + koxg + ki1x10 + ki7xg + kigx1o
x3 = —k3xz + kexa + kgx7 + kgxg

X4 = —kiox1xq — kizxaxa + kaxs — ksxa — kexa + kiex7 + ki7xg

X5 = k3x3 — kaxs + kyx6 + kioxo + ki1x10

X6 = —kiax1Xe — kisxaXg + ksx4 — kyxe + kigxo + k1gxio
X7 = kioxixa — kexz — kieXz

xg = kizxaxs — koxg — k17xg

X9 = kuax1X6 — kioXo — kigXg

x10 = kisxaXg — k11x10 — k19X10
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Switch virulence vs biofilm

For mechanism 1, we have that:

X1 +Xx+x7+x=0
X3+ X4+ X5+ X+ X7 +x =0

Given the total amounts RetStoT and GacStor, the
solutions/dynamics are contained in the affine space:

x1 + xo + x7 + xg = RetStor
X3+ X4 + x5 + X6 + x7 + x§ = GacStor
“Switch” between biofilm and virulence/planktonic mode:

Questionl(multistationarity): Are there more than one steady state on
such affine space?
Question2(bistability): Are at least two of them asymptotically stable?
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Multisationarity

Proposition
Mechanism 1 is multistationary if and only if

kikskykis + ki kskgkis + kikakskis + kakakskio+
kskakiokiz + kskekiokiz + kakekiokis < kaks (kikio + kskis + kiokis)

Mechanism 2 is multistationary if and only if k satisfies even a bigger
condition.

Proof.

Apply procedure elaborated by Conradi, Feliu, Mincheva and Wiuf in
“|dentifying parameter regions for multistationarity” (CFMW17).
Caution: A parametrization of the steady states variety is required. O

Problem1: Not so insightful conditions.
Problem2: Deciding stability is computationally unfeasible.
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Even simpler models

Mechanism 1:

RetS, + GacS,, —> X; —> RetS, + GacS,,
RetS, + GacS,, — X5 —> RetS, + GacS,,

Mechanism 2:

RetS, + GacS,, — Y; — RetS, + GacS,,
RetS, + GacS,, —> Y, —> RetS, + GacS,,
RetS, + GacS,, — Y5 —> RetS, + GacS,,
RetS, + GacS,, — Y5 — RetS, + GacS,,

Consider all the possible networks without some of the intermediate
spices X1, Xs, Y1, Y2, Y5 or Ye.
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Mechanism 1:

Multisationarity

Mechanism 2:

Intermediates  Multist. Intermediates  Multist.

00 yes 00.00 no

01 yes 00.01 yes

10  vyes 00.10 yes

11 vyes 00.11  yes

01.00 no

10.00 no

11.00 no

01.01 yes

01.10 yes

01.11 yes

Observation: For mechanism 2, it is only RecS 10.01 yes
inhibiting GacS,, which enables 10.10 yes
multistationarity! 10.11  yes
11.01 vyes

Now, stability becomes computationally feasible 11.10 yes
(but for the next talk...). 1111 yes
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