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First Model

Biological Model

The pathogenic agent is an abnormal protein present as
aggregates :

’ [ ]
[ ] Monomer

(abnormal protein)

Polymer
(normal proteins)

Fig.: Infected cell.
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First Model

Equations

Model of Greer et al. (2006), Calvez et al. (2008), Doumic et al.
(2009)

e A— V() {7+/000 T(x)u(x, t) dx} ,

D) = V() (r(u 1)) — [0 + B()utx, 1

+{/mﬁwhd&y)4%tﬁw,

V(t) : quantity of monomers at time t,
u(x, t) : quantity of polymers of size x at time t.
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The PMCA Principle and Model

Two Optimization Problems

The PMCA (Protein Misfolded Cyclic Amplification) is a protocole
which allows to increase in vitro the prion quantity of a sample. It
consists in the repeated alternation of two phases :

P. Gabriel Polymerization Models for Prion



The PMCA Principle and Model

Two Optimization Problems

The PMCA (Protein Misfolded Cyclic Amplification) is a protocole
which allows to increase in vitro the prion quantity of a sample. It
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© Incubation during which the polymerization is promoted
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The PMCA Principle and Model

Two Optimization Problems

The PMCA (Protein Misfolded Cyclic Amplification) is a protocole
which allows to increase in vitro the prion quantity of a sample. It
consists in the repeated alternation of two phases :

© Incubation during which the polymerization is promoted
© Sonication which increases a lot the fragmentation
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The PMCA Principle and Model

Two Optimization Problems

* Sonication
(] Incubatlon
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Fig.: PMCA principle.
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The PMCA Principle and Model

Two Optimization Problems

We model the sonication multiplying the fragmentation ((x) by a
parameter «o(t) :

o 0
Eu(x’ t) = —a(T(X)U(X, t)) — B(x)u(x, t)

+2 / h B(y)r(x,y) uly, t) dy,
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The PMCA Principle and Model

Two Optimization Problems

We model the sonication multiplying the fragmentation ((x) by a
parameter «o(t) :

0 0
Eu(x’ t) = —a(T(X)u(X, t)) — a(t)B(x)u(x, t)

+2 [T a(0Bn(x ) oy 1) o,
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The PMCA Principle and Model

Two Optimization Problems

We model the sonication multiplying the fragmentation ((x) by a
parameter «o(t) :

0
Eu(x’ t) = —a(T(X)u(X, t)) — a(t)B(x)u(x, t)

a(t)

Omax f------qq---------qm--------

Incubation

J = Sonication

t
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Principle and Model
The PMCA Two Optimization Problems

o constant (with V. Calvez and M. Doumic)

For a constant sonication a(t) = «, there exists a principal
eigenvalue )\, for the equation :

Existence of Eigenelements for a General Aggregation-Fragmentation
Model, M. Doumic et P. G., to appear in M3AS.

It corresponds to the asymptotic growth rate of the solution.
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Principle and Model
The PMCA Two Optimization Problems

o constant (with V. Calvez and M. Doumic)

For a constant sonication a(t) = «, there exists a principal
eigenvalue )\, for the equation :

Existence of Eigenelements for a General Aggregation-Fragmentation
Model, M. Doumic et P. G., to appear in M3AS.

It corresponds to the asymptotic growth rate of the solution.

Theorem : Existence of aop:r (V. Calvez, M. Doumic, P. G.)

If the polymerization rate 7 satisfies
@ 7(0) =0 and 7 is convex in a neighborhood of 0,
® 7(x) = o(x) when x tends to +oo0,

Then there exists a app such that A, < A, for all a > 0.
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PMCA Principle and Model

Two Optimization Problems
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Fig.: Existence of an optimal «.



Principle and Model

The PMCA Two Optimization Problems

(with V. Calvez)

For a given outlook T, we search a control a : [0, T] — [1, &max]
which maximizes the mass obtained at the final time T. For this we
come back to a discrete in size model :

du;

dtl = TI( up — uj— 1)—0&( ﬁlul+2 Z t)ﬁjﬁlj uj .,
Jj=i+1

ui(0) = uf

for all 1 </ < n. Then we search to optimize Z iui(T
i=1
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Principle and Model
Two Optimization Problems

The PMCA

T
T t

Fig.: Profils of a*(t) when 1 < aiopr < Qtmax
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Presentation
Numerical Study

New model
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Presentation

New model Numerical Study

We consider four phenomena to explain the proliferation :
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New model Numerical Study

We consider four phenomena to explain the proliferation :

@ polymerization
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Presentation

New model Numerical Study

We consider four phenomena to explain the proliferation :
@ polymerization

o depolymerization
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Presentation

Numerical Study

New model

polymer Y

monomers

Polymerization (
.) Depolymerization

Fig.: Polymerization-depolymerization
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Presentation

New model Numerical Study

We consider four phenomena to explain the proliferation :

@ coagulation
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Presentation
Numerical Study

New model

Coagulation x

Fig.: Coagulation of two polymers
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Presentation

New model Numerical Study

We consider four phenomena to explain the proliferation :

o fragmentation
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Presentation
Numerical Study

New model

Fragmentation

[ N—

Fig.: Fragmentation of a polymer
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Presentation
Numerical Study
New model ’

We consider four phenomena to explain the proliferation :
@ polymerization
o depolymerization
@ coagulation

o fragmentation
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Presentation

New model Numerical Study

Equations with F. Charles, M. Doumic, N. Lenuzza, H. Rezaei

dV(t)
dt

_ /0 (- VAEkon() + korr(3)) (. £) o

%c(x, t) = _5% ((V(t)ko,,(x) — kogr(x))e(x, t))

~clx,t) [ imgly ) dy +2 [ Kimgleoy) el 0) oy
0 X
1 X
+§ /0 C(Ya t)C(X - Y t)kcoag(}’v X — }/) dy
—C(X, t)/ C(}’a t)kcoag(xv}/) dy,
0

c(0,t) =0, c(x,0)=cy(x) and V(0)= V.
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Presentation
Numerical Study
New model ’

with F. Charles, M. Doumic, N. Lenuzza, H. Rezaei

Equations

d\;’f‘t) - /OOO (_ V(t)kon(x) + koff(X)) c(x, t) dx,
0

%C(X, t) = “x (( V(t)kon(x) — kotr(x))c(x, t‘))H pol/depol

s — = clx.8) [ by )y +2 | inglx.) . 6)
1 X
+§ /0 C(Ya t)C(X - Y t)kcoag(}’v X — }/) dy
—C(X, t)/ C(}’a t)kcoag(xv}/) dy,
0

c(0,t) =0, c(x,0)=cy(x) and V(0)= V.
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with F. Charles, M. Doumic, N. Lenuzza, H. Rezaei

Equations

d\;’f‘t) - /OOO (_ V(t)kon(x) + koff(X)) c(x, t) dx,
0

%C(X, t) = “x (( V(t)kon(x) — kotr(x))c(x, t‘))H pol/depol

s — = clx.8) [ by )y +2 | inglx.) . 6)
1 X
+§ /0 C(Ya t)C(X - Y t)kcoag(}’v X — }/) dy
—C(X, t)/ C(}’a t)kcoag(xv}/) dy,
0

c(0,t) =0, c(x,0)=cy(x) and V(0)= V.
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Presentation

New model Numerical Study

Scheme with L.M. Tine

We use 3 main discretization methods :
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Presentation

New model Numerical Study

Scheme with L.M. Tine

We use 3 main discretization methods :
@ WENOS5-LF for the advection part

@ Newton-Cotes 5 or Milne for integral terms
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Presentation
New model Numerical Study

Scheme

with L.M. Tine

We use 3 main discretization methods :
@ WENOS5-LF for the advection part

@ Newton-Cotes 5 or Milne for integral terms
@ RK3 for the time evolution
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Presentation

New model Numerical Study

Simulations (comparison WENO/Upwind) with L.M. Tine
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Fig.: Evolution of the size repartition
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