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Overview

• General Strategy

• Finding initial values

• Optimisation routines



General strategy

• Model a biochemical system 

• First guess on the parameters

• Compute difference between the simulated and the
  experimental data

• Optimize the result by changing the parameters

• Assess the result



Review: Modeling
glc‘ = vtrans - vhk

g6p‘ = vhk - vpgi

f6p‘ = vpgi - vpfk

f16p‘ = vpfk - vald

dhap‘ = vald - vti

gap‘ = vald + vti - vgpdh

bpg‘ = vgpdh - vpgk

p3g‘ = vpgk - vpgm

p2g‘ = vpgm - veno

pp‘ = veno - vpyk

py‘ = vpyk - vpy

v hk=V hk∗ ATP∗glc
K ATP∗K glcK glc∗ATPK ATP∗glcATP∗glc 



Parameters: The First Guess

• Find the parameters of the respective enzyme 
  under similar conditions, in similar cells or organisms

• Assess the similarity of the enzymes

• Take the parameters for the most similar enzyme

• Alternatively: Study ways to compute the parameter from
  the structure  



Sequence Comparison

• Analyses evolutionary relationship

• Similar sequence might imply similar 
function, structure, parameters

R D I L V K N A G I

R N I L V K N V G I
?



Identity matrix

     
 A   1 
 R   0  1 
 N   0  0  1 
 D   0  0  0  1 
 C   0  0  0  0  1 
 Q   0  0  0  0  0  1 
 E   0  0  0  0  0  0  1 
 G   0  0  0  0  0  0  0  1 
 H   0  0  0  0  0  0  0  0  1
 I   0  0  0  0  0  0  0  0  0  1
 L   0  0  0  0  0  0  0  0  0  0  1
 K   0  0  0  0  0  0  0  0  0  0  0  1
 M   0  0  0  0  0  0  0  0  0  0  0  0  1
 F   0  0  0  0  0  0  0  0  0  0  0  0  0  1
 P   0  0  0  0  0  0  0  0  0  0  0  0  0  0  1
 S   0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1
 T   0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1 
 W   0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1 
 Y   0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1
 V   0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1 
      A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V



 A    B    C     D    E    F    G     H    I      K    L    M    N    P    Q     R     S    T    V    W    Y    Z       
3.0  2.0  1.0  2.0  2.0  1.0  2.0  1.0  1.0  1.0  1.0  1.0  1.0  2.0  1.0  1.0  2.0  2.0  2.0  1.0  1.0  2.0   A

     3.0  1.0  3.0  2.0  1.0  2.0  2.0  2.0  2.0  1.0  1.0  3.0  1.0  2.0  1.0  2.0  2.0  2.0  0.0  2.0  2.0   B
          3.0  1.0  0.0  2.0  2.0  1.0  1.0  0.0  1.0  0.0  1.0  1.0  0.0  2.0  2.0  1.0  1.0  2.0  2.0  0.0   C
               3.0  2.0  1.0  2.0  2.0  1.0  1.0  1.0  0.0  2.0  1.0  1.0  1.0  1.0  1.0  2.0  0.0  2.0  2.0   D

                    3.0  0.0  2.0  1.0  1.0  2.0  1.0  1.0  1.0  1.0  2.0  1.0  1.0  1.0  2.0  1.0  1.0  3.0   E
                         3.0  1.0  1.0  2.0  0.0  2.0  1.0  1.0  1.0  0.0  1.0  2.0  1.0  2.0  1.0  2.0  0.0   F

                              3.0  1.0  1.0  1.0  1.0  1.0  1.0  1.0  1.0  2.0  2.0  1.0  2.0  2.0  1.0  2.0  G
                                   3.0  1.0  1.0  2.0  0.0  2.0  2.0  2.0  2.0  1.0  1.0  1.0  0.0  2.0  2.0  H
                                        3.0  2.0  2.0  2.0  2.0  1.0  1.0  2.0  2.0  2.0  2.0  0.0  1.0  1.0    I

                                             3.0  1.0  2.0  2.0  1.0  2.0  2.0  1.0  2.0  1.0  1.0  1.0  2.0  K
                                                  3.0  2.0  1.0  2.0  2.0  2.0  2.0  1.0  2.0  2.0  1.0  2.0  L
                                                       3.0  1.0  1.0  1.0  2.0  1.0  2.0  2.0  1.0  0.0  1.0 M
                                                            3.0  1.0  1.0  1.0  2.0  2.0  1.0  0.0  2.0  2.0  N
                                                                 3.0  2.0  2.0  2.0  2.0  1.0  1.0  1.0  2.0   P

                                                                      3.0  2.0  1.0  1.0  1.0  1.0  1.0  3.0  Q
                                                                           3.0  2.0  2.0  1.0  2.0  1.0  2.0  R

                                                                                3.0  2.0  1.0  2.0  2.0  1.0  S
                                                                                     3.0  1.0  1.0  1.0  1.0  T
                                                                                          3.0  1.0  1.0  2.0  V

                                                                                               3.0  1.0  1.0 W
                                                                                                    3.0  1.0  Y

                                                                                                         3.0  Z

Genetic 
Matrix

B = D∨ N

Z = E ∨ Q



Example

R D I L V K N A G I

R N I L V K N V G I

Identity Matrix :     1 + 0 + 1 +  1 + 1 + 1 + 1 + 0 + 1 + 1   =  8

Genetic Matrix:     3 + 2 + 3 + 3 + 3 + 3 + 3 + 2 + 3 + 3   =  28

PAM250:                6 + 2 + 5 + 6 + 4 + 5 + 2 + 0 + 5 + 5   =  40

BLOSUM62:          5 + 1 + 4 + 4 + 4 + 5 + 6 + 0 + 6 + 4   =  39



BLAST

• Basic Local Alignment Search Tool

• generates a list of local alignments 
between a query sequence and entries 
in a database



BLAST
• Starting point: Query-sequence, wordlegnth 

w, thresholds S,T

• Algorithm:
– for w and a given score matrix all words are 

determined that result in a score > T when 
compared to the query sequence 

– The database is searched for these w-meres

– Every hit (corresponding to a sequence in the DB) 
will be extended in both directions and checked, if 
a score > S results

– Output of all local alignments resulting from this 
procedure







Sum of Squares

A residue is the difference between an observed and 
predicted value of a function. (A predicted value means a value 
given by some mathematical model.) 

Residue = Observed value - Predicted value 

The sum-of-squares error (SSE) when observed data are 
approximated by a function is given by 
SSE = Sum of squares of residues

= Sum of (yobserved - ypredicted)2

The smaller SSE, the better the approximating function 
fits the data. 



Optimisation

• Newton method

• Steepest Descent

• Levenberg-Marquardt

• Stochastic Methods

• Genetic Algorithms



Newton Method I
Problem: Find f(x) = 0

Approach: Develop Taylor series around starting point x0

f(x0 + h) = f(x0) + hf’(x0) + 1/2h2f’’(x0) …….

Since f(x0 + h) should be equal 0
=> h = - f(x0)/f’(x0)

The next point is reached with: 
x = x0 + h = x0 - f(x0)/f’(x0)

Iteratively: x(k+1) = x(k) - f(x(k))/f’(x(k))



Newton Method II
But we want to find f’(x) = 0

Therefore:

f’(x0 + h) = f’(x0) + hf’’(x0) + 1/2h2f’’’(x0) …….

Since f’(x0 + h) should be equal 0
=> h = - f’(x0)/f’’(x0)

The next point is reached with: 
x = x0 + h = x0 - f’(x0)/f’’(x0)

Iteratively: x(k+1) = x(k) - f’(x(k))/f’’(x(k))



Newton Method III
• Converges quadratically ones it is close to the solution

• Might not converge at all if you are far away

• Sometimes overshoots and overcompensates resulting
  in oscillations



Steepest Descent 
• Simply follows the gradient (first-order derivative) of the 
  function

• Converges linearly and always
 
• Terribly slow

• You are not able to constrain variables



Levenberg-Marquardt
• Hybrid between Newton and Steepest Descent

• If far away from minimum, changes to Steepest Descent

• Widely used and quite powerful



Random Search
• As name indicates tries randomly combinations of 
  parameters and checks the value of the function of 
  interest

• No convergence! 

• You need a lot of patience

• Will eventually come up with the global minimum



Direct Search Methods

• Does not rely on computing derivatives

• Local optimizer

• Uses heuristics to „down the function“ based on 
  evaluating the last interation steps 



Evolutionary Strategies

• Survival of the „fittest“

• Based on biological inspirations

• GO method



LO vs GO

• Local optimizers are usually faster, but you need
  to be close to the solution in the beginning

• GO will (if they work) eventually find the global
  solution, but might take forever

• New developments are hybrid algorithms that 
  use a GO method first and then switch to LO



More Information

Mendes et al., Bioinformatics, Vol. 14, 1998, 869-883

Moles et al., Genome Research, Vol. 13, 2003, 2467-2474

Software: Copasi, www.copasi.org


