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First ModelThe PMCANew modelBiologi
al ModelThe pathogeni
 agent is an abnormal protein present asaggregates :

Fig.: Infe
ted 
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First ModelThe PMCANew modelEquationsModel of Greer et al. (2006), Calvez et al. (2008), Doumi
 et al.(2009) :
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dV (t)dt = λ− V (t) [

γ +

∫ ∞0 τ(x)u(x , t) dx]

,

∂

∂t u(x , t) = −V (t) ∂

∂x (

τ(x)u(x , t)) − [µ(x) + β(x)]u(x , t)
+2∫ ∞x β(y)κ(x , y) u(y , t) dy ,u(0, t) = 0,u(x , 0) = u0(x).V (t) : quantity of monomers at time t,u(x , t) : quantity of polymers of size x at time t.P. Gabriel Polymerization Models for Prion
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems
The PMCA (Protein Misfolded Cy
li
 Ampli�
ation) is a proto
olewhi
h allows to in
rease in vitro the prion quantity of a sample. It
onsists in the repeated alternation of two phases :1 In
ubation during whi
h the polymerization is promoted2 Soni
ation whi
h in
reases a lot the fragmentation
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems

Fig.: PMCA prin
iple.P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model Prin
iple and ModelTwo Optimization ProblemsWe model the soni
ation multiplying the fragmentation β(x) by aparameter α(t) :
∂

∂t u(x , t) = −
∂

∂x (

τ(x)u(x , t)) − β(x)u(x , t)
+ 2∫ ∞x β(y)κ(x , y) u(y , t) dy ,
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization ProblemsWe model the soni
ation multiplying the fragmentation β(x) by aparameter α(t) :
∂

∂t u(x , t) = −
∂

∂x (

τ(x)u(x , t)) − α(t)β(x)u(x , t)
+ 2∫ ∞x α(t)β(y)κ(x , y) u(y , t) dy ,

α(t)
αmax

1
tSoni
ation

In
ubation
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems
α 
onstant (with V. Calvez and M. Doumi
)For a 
onstant soni
ation α(t) ≡ α, there exists a prin
ipaleigenvalue λα for the equation :Existen
e of Eigenelements for a General Aggregation-FragmentationModel, M. Doumi
 et P. G., to appear in M3AS.It 
orresponds to the asymptoti
 growth rate of the solution.
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems
α 
onstant (with V. Calvez and M. Doumi
)For a 
onstant soni
ation α(t) ≡ α, there exists a prin
ipaleigenvalue λα for the equation :Existen
e of Eigenelements for a General Aggregation-FragmentationModel, M. Doumi
 et P. G., to appear in M3AS.It 
orresponds to the asymptoti
 growth rate of the solution.Theorem : Existen
e of αopt (V. Calvez, M. Doumi
, P. G.)If the polymerization rate τ satis�es

τ(0) = 0 and τ is 
onvex in a neighborhood of 0,
τ(x) = o(x) when x tends to +∞,Then there exists a αopt su
h that λα ≤ λαopt for all α > 0.P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems

Fig.: Existen
e of an optimal α.P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model Prin
iple and ModelTwo Optimization ProblemsAny α (with V. Calvez)For a given outlook T , we sear
h a 
ontrol α : [0,T ]→ [1, αmax ]whi
h maximizes the mass obtained at the �nal time T . For this we
ome ba
k to a dis
rete in size model :










duidt = −τi(ui − ui−1)− α(t)βiui + 2 n
∑j=i+1α(t)βj κi ,j uj ,ui (0) = u0i ,for all 1 ≤ i ≤ n. Then we sear
h to optimize n
∑i=1 iui(T ).
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First ModelThe PMCANew model Prin
iple and ModelTwo Optimization Problems
1

T t

αmax
αopt
α
∗(t)

Fig.: Pro�ls of α∗(t) when 1 < αopt < αmax .P. Gabriel Polymerization Models for Prion
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First ModelThe PMCANew model PresentationNumeri
al Study
We 
onsider four phenomena to explain the proliferation :polymerizationdepolymerization
oagulationfragmentation

P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model PresentationNumeri
al Study
We 
onsider four phenomena to explain the proliferation :polymerizationdepolymerization
oagulationfragmentation

P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model PresentationNumeri
al Study
We 
onsider four phenomena to explain the proliferation :polymerizationdepolymerization
oagulationfragmentation

P. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model PresentationNumeri
al Study
monomers

polymer

Polymerization
DepolymerizationFig.: Polymerization-depolymerizationP. Gabriel Polymerization Models for Prion



First ModelThe PMCANew model PresentationNumeri
al Study
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First ModelThe PMCANew model PresentationNumeri
al Study
Coagulation

Fig.: Coagulation of two polymersP. Gabriel Polymerization Models for Prion
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First ModelThe PMCANew model PresentationNumeri
al Study
Fragmentation

Fig.: Fragmentation of a polymerP. Gabriel Polymerization Models for Prion
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First ModelThe PMCANew model PresentationNumeri
al StudyEquations with F. Charles, M. Doumi
, N. Lenuzza, H. Rezaeï
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dV (t)dt =

∫ ∞0 (

−V (t)kon(x) + ko� (x)
)
(x , t) dx ,

∂

∂t 
(x , t) = −
∂

∂x (

(V (t)kon(x)− ko� (x))
(x , t))
− 
(x , t)∫ x0 kfrag (y , x) dy + 2∫ ∞x kfrag (x , y) 
(y , t) dy

+
12 ∫ x0 
(y , t)
(x − y , t)k
oag (y , x − y) dy
−
(x , t)∫ ∞0 
(y , t)k
oag (x , y) dy ,
(0, t) = 0, 
(x , 0) = 
0(x) and V (0) = V0.P. Gabriel Polymerization Models for Prion
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First ModelThe PMCANew model PresentationNumeri
al StudyS
heme with L.M. Tine
We use 3 main dis
retization methods :WENO5-LF for the adve
tion partNewton-Cotes 5 or Milne for integral termsRK3 for the time evolution
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First ModelThe PMCANew model PresentationNumeri
al StudySimulations (
omparison WENO/Upwind) with L.M. Tine
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