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Reverse engineering a

polymerization reaction




Deciphering polymerization steps
from biochemical data

Vol. 93, pp. 5975-5979, June 1996
Applied Mathematics

Kinetics of self-assembling microtubules: An ‘“inverse problem”
in biochemistry

HENRIK FLYVBIERG* T, ELMAR JOBS*, AND STANISLAS LEIBLERT
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Flyvbjerg (1996) showed how to
“reverse engineer” polymer
assembly based on scaling

laws.

Henrik Flyvbjerg




Vol. 93,
Applied
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The same idea was applied to

understanding the assembly of
Islet Amyloid Poly-Peptide (LAPP)

a protein that forms toxic fibrils in
the pancreatic beta cells.

(These cells secret insulin, and
their disfunction leads to Type 2
Diabetes)




Amyloid in Type 2 Diabeftes:

J Bailey', K J Potter?, C B Verchere?, L Edelstein-Keshet' and D Coombs!

Reverse engineering an amyloid
aggregation pathway with dimensional
analysis and scaling

Phys. Biol. 8 (2011) 066009 (9pp)

With James Bailey (UBC MSc)
Daniel Coombs
Bruce Verchere
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Normal

The Islet Beta Cell Peptide TAPP

Pancreatic Islet

Type 2 Diabetes

Insulin

Islet Amyloid Polypeptide
(IAPP; amylin)

|APP-derived amyloid fibrils
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Fig credit Lucy Marzban via B Verchere
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Previous models

Lee et al

Assume nuclei form
as individual
monomers and join a
growing nucleus

Monomers Oligomers Fibrils

Lee C C, Nayak A, Sethuraman A, Belfort G and McRae G J 2007
Biophys. J. 92 3448-58
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nucleated polymerization
with a competing oft-
pathway aggregation
sequestering monomers
away from main pathway
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James Bailey in the Verchere lab




Primary nucleation

Elongation
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Default polymerization
model

We do not know ahead of time
how the polymer assembles,
what are the nuclei, and how
many monomers add at each

step. We also do not know the
rates of the forward and
reverse reactions of these
steps. The data will enable us
to determine many of these
based on the scaling property.




hIAPP Polymerization
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Scale the data:

Scale time: AN

Scale fluorescence:

A(t;Aoo) = Aoof[t/tSO(Aoo)]




Scaling collapses the data

A(t)/_Am A(t;A)=A_ flt/t,(A,)]
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Find a scaling law

y =-0.14 - 2.06 x
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Nucleation-dependent
polymerization

First stable oligomer (mass p,)

ith stable oligomer (mass p,) i=2.k

First stable nucleus (mass v)

Fibrils (mass M)




Mass action kinetics
(odes)

Nucleation
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We define dimensionless variables as follows:
C pi v

c= —, Pi = V=,

Co X X

The dynamics described by the rescaled equations must
be independent of c¢,. This 1s the same as saying that all
the scaled curves in the polymerization data are the
same when superimposed.




Scaling the model

Require that ¢,
not appear in
scaled eqns

Se—

bipi +bisipis1i —dipi =0
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Dimensionless equations

After some
careful work,
obtain:

The fact that the data scales imposes strong
constraints on the possible underlying kinetics






ass mostly 1n monomer and fibrils

/A,

M(t) +c,(t) = constant




Fiber elongation

Add monomers to a “mature reaction’” and watch fiber
growth. Nuclei are roughly constant, and

Log(dA/dt)

Find that n,, ,=1

Fibers grow by adding
single monomers




* 'Log(dA/dt)




Summary: what the
scaling showed:

Nucleation
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Secondary nucleation
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Islet Amyloid as a Therapeutic Target

siRNA Congo Red
\

Block ProlAPP I?\?]Iiglgii?c?rs Prevent Interaction
Expressmn PC2 . with Beta Cells
Enhance ProlAPP Prevent (Pro)IAPP
Processing Aggregation
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