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Introduction

Microarray Hybridization

The ultimate goal:

Accurate modeling of hybridization reactions on microarray taking
into account competitive probe-target interactions and
unimolecular folding.




Competing Interactions on Microarrays

Competing Interactions on Microarrays

/ I{/
Specific
Ts ﬁ hybridization
P
A L s



Competing Interactions on Microarrays

Competing Interactions on Microarrays

Bulk Ty rl\]lok?-.zpect!fic
dimerization Ts Ty P_\_ ybridization
/ Ii/
Ts Specific

Ts Ts P ﬁPT hybridization
e EEE



Competing Interactions on Microarrays

Competing Interactions on Microarrays

Bulk T Non-specific
. 0 . N h b -d- t.
dimerization Ts @ Tiv P_\_ ybridization
/ Ii/
Ts Specific
Ts Ts P ﬁ o hybridization
e -

Intramolecular
folding

PF



Competing Interactions on Microarrays

Hybridization Models

© Two-state models: One probe - one target duplex formation.
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Hybridization Models

© Two-state models: One probe - one target duplex formation.

© Multi-state models: Single duplex formation competing with
unimolecular folding. Mathews,Zuker, Turner. 1999. (Unifold,
Visual OMP).
© Multiplex competitive models: Competitive reactions of
duplex formations
o (University of Pennsylvania) Zhang, Hammer, Graves. 2005.
o (University of Utah) Bishop, Blair, Chagovetz. 2006.
o (Portland State University) Horne, Fish, Benight. 2006.
o (Russian Academy of Sciences) Chechetkin. 2007.

@ Multiplex-multi-state models: Competitive reactions of duplex
formations and unimolecular folding of probes and targets.
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Chemical System

Table: Chemical reactions of microarray hybridization

Reaction Equilibrium Constant | Rate Constants
pi + tj = pit; Koit; koo kS
Pi + Pj & PiP;j Kpip; k;in’ gipj
L+t = t,tj Kt ki ki,

pi = pf Kot k;if, k;jf

t = tf Ke 2 kG
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Kinetic Model

@ System consists of two species types: probes p; and targets t;.

@ Each p; can react with every t; forming p;t; duplex.

@ Each p; and t; can react with each of its counterparts of the
same species, forming p;p; and t;t; complexes.

@ The forward rate constants are assumed to be same for all
i o a _ a _ a _ a
species: kp’,tj = kPin = kt,'tj = k°.

@ There are no diffusion barriers to the reaction process.

Initial conditions:
At =0

| A\

(Cor Cy» Gy Ctjf, Coipy» Coity» Ceity) = (€, Cg,o,o,o, 0,0)
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Kinetic Model

dc, N
—n-3 (K Corty = K7CaiC) + 3 (K Gy — Ko Gy ) +
T 4 =il
(kd Cr—k*%C =1,....N
aF pif plf plf pi ) s I=1,..., P
dc, Np N
i _ o d
TTJ == 2 (kPitj CPitj — kani Ctj) aF ; (kt,-tj Ct,-tj - kaCtiCtj> =
+(KiCyr —KACy), =1 Ne
J J J
deip d a dCPit‘ d a
d7_ e kp, Cplpj k Cpi ij dT L = kp,'tj Cpitj - k Cpi Cl’j
dCs.+.
% - kgtj Coyy — kG Gy
T
def J dC, ! )
dT k C f - Cpi dT k C - ktjf Ctj
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Problem Complexity

Total number of equations

1
5(5+Np+Nt)(Np+Nt)

N, N;¢ | Number of equations
1 1 7

5 5 75
10 10 250
100 | 100 20500
1000 | 1000 2005000

For larger systems the simulation is computationally expensive.
(Need for parallel ODE solver)
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Problem-Size Reduction

@ Equation describing the potential interactions between distinct
species of probes could be eliminated from the system
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Mathematical Model

Problem-Size Reduction

© Equation describing the potential interactions between distinct
species of probes could be eliminated from the system
/ /
dCoip,

_d a
dr kp,-pj CPin —k CP; CP/
P P
- =
© Not all probes and targets have equal potential to react and
form stable duplexes.
o Sequence filtering and screening based on different criteria.
(>15 consecutive base-pairs, >75% similarity, etc., Kane,
2000).

e Subsystem of reactions which can occur in a given mixture.



Mathematical Model

Kinetic Model

@ Number of probes and targets: N, and N;.

@ Temperature: T.
@ Initial concentrations of probes and targets: CB; and Cg.
°

Forward rate constants: k?, k;,, ff.
i

i

@ Thermodynamic parameters for all DNA complexes.

Concentrations of probes, targets, and duplexes at any given
time 7 including equilibrium concentrations.
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Duplex Thermodynamics
@ Thermodynamic transition parameters AH, AS, and AG are
determined from published sequence-dependent

thermodynamic parameters (Santalucia’s group).

Total free energy

AG=AH— TAS
Tm=AH/AS
AG=AH(1—T/Tm)

Equilibrium constant and reverse rate constant
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Example: Probe + Specific Target + Nonspecific Target

PT,
P+ T, = PT;
P+T, 2 PT,
P4 T = PTy PH;/ :
P+T, 2 PT; -
T, 2 T/
PT,
L=2T
P47 2 PHY
T, | PTa
T
T,




Conclusion

Conclusion

© A general analytical description of multiplex-multi-state model
is developed.

© This model describes the kinetic behavior of system with
competitive reactions between target mixture, probe set, and
corresponding conformations of probes and targets.
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Future Work

© Introduce diffusion of target strands across the probe surface
as governed by Second Ficks law:

QE:zDV%}:D
or

ya+yg+yg
Ox? Oy? 0z2

@ Implementation of parallel solver for the large ODE systems.
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