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What are estrogens?
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estrone (E1)

estradiol (E2)

estriol (E3)

� group of compounds named for their
importance in the estrous cycle of
humans and other animals

� bone remodelling, coagulation, fluid
balance, lung function,...
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A multiscale problem
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The molecular viewpoint
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The Estrogen Receptor (ER)
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1. ligand binds to ER

2. dimerization

3. binding to specific DNA
sequence

4. stimulation or inhibition of
gene transcription
(depending on cell type, ligand, and

receptor type)

� understand drug delivery and binding processes

� development of new drugs with same potency but lower
adverse effects

� infer estrogenic potency of chemical compounds
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Computation of binding affinities
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wB : probability to be in the bound state (B)
wU : probability to be in the unbound state (U)
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From Molecular to Conformation Dynamics
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molecular dynamics conformation dynamics

point concept: set concept:
trajectory simulation metastable conformations

Molecular dynamics HMC with proposal step
pppτq, qpτqq � Φτ ppp0q, qp0qq qi�1 � ΠqΦτ pqi , pi q, pi � ηppq

Transfer operator approach
T τ f pqq �

³
Rd f pΠqΦ�τ pq, pqqηppq dp

[Schütte, Fischer, Huisinga, Deuflhard (1999)]
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From Transfer Operator to Transition Matrix
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metastable conformations

T τCJpqq � CJpqq, J � 1, . . . , nc

meshfree discretization:

CJpqq �
°N

i�1 χJpiqϕi pqq

[Weber (2006)]

partition of unity concept:

Galerkin method: PτχJ � χJ Ñ PCCA+

(calculation of matrix entries by high-dim. Monte Carlo quadrature [SR (2008)])
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Why soft conformations?
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[Fackeldey, Bujotzek, Weber (2012)]
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Design of optimal ligands
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� slow diffusion towards the binding site, fast binding
� spacer between weak ligands promotes separation of

timescales and drives thermodynamic equilibrium towards
(doubly) bound state (multivalence principle)

TB-TB
AB-TB
TB-AB

TU-AB
AB-TU

TU-TU

desirable potential energy surface
2 raloxifen ligands connected by a

flexible spacer (ER antagonist)

[Shan,Bujotzek,Abendroth,Seitz,Weber,Haag (2011)], [Weber,Bujotzek,Haag (2012)]
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The physiological viewpoint
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The human menstrual cycle
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Systems Biology
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� consider a whole system rather than only focusing on
individual parts

� investigate how the components function together

� find reliable abstraction levels that display the most important
mechanisms

Mathematical task:

Realität

Modell

Simulation

� Model development and parametrization such that simulation
results match given measurement data
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Model Development
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HYPOTHALAMUS

PITUITARY

CORPUS LUTEUM

OVARIES

inhibin

activin

follistatin

FSH

LH

GnRH

estradiol

progesterone

estradiol

progesterone

TEUM

ovulation

� define model components and
interactions (e.g. from literature)

� formulate (semi-quantitative)
model equations

y 1ptq � f pyptq, pq, yp0q � y0

T
SHtL

m

H+HSHtL,T,nL

n=10

n=5

n=2
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Parameter Identification
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Inverse Problem:

formulation as nonlinear
least-squares problem

M̧

i�1

}D�1
i pypti , pq � zi q}
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Biology: dependencies between parameters, rank-deficient Jacobian
 only a few parameters can be identified from the data
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Gauss-Newton algorithm
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� solution of nonlinear least squares problem by error-oriented
global Gauss-Newton method

}F 1pppkqq∆ppkq � F pppkqq}2 Ñ min

ppk�1q � ppkq � λk∆ppkq, k � 0, 1, 2, . . .

[Deuflhard: Newton Methods for Nonlinear Problems, 2004]

� Identifiability
� natural monotonicity test
� asymptotic convergence rate (incompatibility factor κ   1)
� adaptive rank strategy
� adaptive trust region strategy
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GynCycle
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GynCycle: a mathematical model of the human menstrual cycle

Lut1 Lut2Sc2OvFPrFSeF2SeF1PrA2PrA1

GnRH antagonist
CENTRAL COMPARTMENT

GnRH antagonist
DOSING COMPARTMENT

PERIPHERAL COMPARTMENT

GnRH antagonist

GnRH agonist
DOSING COMPARTMENT

GnRH Ant−Rec
Complex

inactive GnRH−Rec
complex

complex
active GnRH−Rec

active Ago−Rec
complex

GnRH frequency

GnRH agonist
CENTRAL COMPARTMENT

Sc1 Lut3 Lut4

inactive
GnRH Receptors

GnRH Receptors
active

inactive Ago−Rec
complex

GnRH (G)

Progesterone (P4)

Estradiol (E2)

Inhibin B (IhB)

Inhibin A (IhA)

effective IhA (IhA  )e

free LH receptors

LH(R     )

LH receptor complex
(LH−R)

desensitized rec.

LH,des

pit

pituitary LH

(LH         )blood

serum LH

pit(FSH     )
pituitary FSH

blood(FSH          )
serum FSH free FSH receptors

(R       )FSH

FSH receptor complex
(FSH−R)

(R           )

FSH,des(R             )
desensitized rec.

(LH    )

GnRH frequency
(freq)

GnRH mass
(mass)

( s )
foll. LH sensitivity

2007: 49 DDEs, 208 parameters, 9 identifiable [Reinecke, Deuflhard (2007)]

2011: 33 ODEs, 114 parameters, 63 identifiable [Röblitz et al. (2012)]
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Applications
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� analyzing the role of dose and timing of certain drugs
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� simulating the effect of birth control pills
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BioPARKIN
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integrated software environment including visualization, parameter
identification and simulation bioparkin.zib.de
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bioparkin.zib.de


Peter’s Dream
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Soon, before undergoing
real surgery or treatment,
doctors will be able to test
medications or surgery on
virtual patients.

Scientists from different areas are working
on projects that will help create personal-
ized replicas of living bodies. Thus they will
have the ability to optimize their work with-
out any risk to the patient.
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Peter’s Nightmare
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