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>Case1>Problem-Description

Design-an:anti=bacteral-peptide

. m Two Step Function

= Natural Representation:
— String of amino acids

— KLALALLLAGSAASA

Eitness-Function

molecular weight
negative charge ,
charge dipole __|

., log kill

_, o
= Alpha-Helical Peptide

fit to sine curve —| - 4% | 47} bacteria
....etc - : :
) N Neural Net
= Side View
» red = hydrophobic
> blue = hydrophilic

Patenting computer-designed peptides, Patel, Stott, Bhakoo & Elliott, Journal of Computer-Aided

Molecular Design, 12: 543-556 1998

Non=linear-Mapping Operators
]
5 Vs walidR2 wvalid R2: SKLLAAKKLGAS SKLLLLAKLGAS
\ A X Linear Neural Cross-over
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Special-Cross-Over-Operator

N

Represent as right and
left halves, separated
by 'zero crossing' of
hydrophobicity (red
line in graph)
Canonically align by
right and left halves
Select random
(aligned) segments
Perform cross-over

Running=the GA

m Convergence in about 50
generations
100
% 80
Populati gg
on
Accepta 40
ble Pqpula(ion 100
El
20 CrI:)essover g%
Mutation 0.033
0 ‘inversiort 0'03%
=FiP 1082 k5o
Generation

Results:-New=Peptides

Peptide Sequence predicted measured
log kill log kill
AASKAAKTLAKLLSSLLKLL 7.22 >5.96
LLKKLLRAASKALSLL 713 >5.90
AAKKLSKLLKTLLKLL 7.35 >5.76
KALKKLLKLASSLLTAL 7.04 5.90
AASKALRTASRLARSLLTLL 7.03 >5.85

>Case2>Problem-Description

Multi=Criteria-Formulation-Optimisation

« Current Process:
- requirements
- formulators experience
- past products
- experiments

= New Process:
- requirements
- formulators experience
- past products
- experiments
- predictions based on past experiments
- trade-off analysis based on predictions




Fitness-Functions Optimising-Under-Uncertainty.

Reprintatlon Contours of cleaning error bars at equal cost
8 Arithmetic Cost ($9) :
| ' i —Y
8, Consumer Panel Sensory
gg /M/’ Properties
oz - foam
5 - feel ... S
E-d S
5 Same Cost 2
E Neural Lab_ Measured Properties LOW Uncertainty
S - mildness e 1.
- detergency =
formulation models measured Same COSt
variables applied outputs 5
HIGH Uncertainty
@‘Zn the Formulation J| [ %
Patt 5, (2001, et Ingredient 1

>Case 3>Problem-Description
Results=Pareto-Surface Modelling=Maillard-Food-Browning=Reactions
e |=

= Optimisation
against
- Cleaning
- Mildness 2
« BUT ALSO '€
- Cost E
- Foam Current
- Uncertainty
= Robustness ~=
size of regions

Varijants of

Current +
Ingredient 1

Current +
Ingredient 2

Mildness




Iterated-Reaction-Graphs

Model Reactions by input-output
Model reactants & products / intermediates as list of

molecules

Iterate in Parallel

Amend / Optimise Reaction Base

Optimise Start Reactants

R1
]

Soup Mix:
start =
Amino
Acids &

Reaction
Base

.

Products, inc

Expectations

Inter

Measured
(GC-MS)

Sugars

3

Patel 8, Rabon

. Tissen J, Klaflke W, (2001) hierate:

Representation

m List of Molecules in SMILES notation

C(0)C(0)C(0)C(0)C(0)C=0
C(0)C(0)C(0)C(0)C(0)C=0 Sugars
C(0)C(0)C(0)C(0)C(0)C=0
C(0)C(0)C(0)C(0)C(0)C=0
NC(C(C)0)C(=0)O Amino
NC(C(C)0)C(=0)O Acids

‘Operators™=-Chemical-Reaction

o
o

Chemical
Reaction =

breaking bonds
making bonds

3-amino-2-
butanone
tetramethyl

y pyrazine
precursor

Output

Uni

ilever

m Reaction Triplets := <Substrate Reaction
Product>

C(=O)C(C(=CC(=C)O)0)O  R1_1_6 endiol  C(=C(C(=CC(=C)OJ0)0)O 1
G(=0)C(G(C(G(=C)0)0)0)O R1_1_6_endiol  G(=C(G(C(C(=C)0)O)0)0)O 1
C(=NCC(=0)0)C(CIO R1_1_2_enamine G(=C(C)O)NCC(=0)O 1
C1=CN=C(C(C)0)O1 R1.4_2 strecker G(=CN)OC(=O)C(C)O 1

= Chain to Form a Graph, eg one path:

<Start> G(OJC(O)C(O)C(O)C(0)C=O R1_3 6 sub_enol C=G(O)G(O)C(O)G(0)G=0 R1_1 8_abunsaturated G=C(O)C(OIC=C(0)C=0
RIR_1 8 abunsaturated C=C(OJC(O)C(C(O)C=0)O R1 2 2 retroaldol C=CIO)C(O)G=0 R2_1_1_Schiff base
GC(O)G(N=CC(G(=CIOJO)G(=0)0 R _4_1 Strecker GG(OJG=NC=G(C(=C)O)O Ri_4 2 strecker GG(O)G=0 R1_1_6_endiol

m List of products

1 C=C(CIONCC(-0)0
1 C(=COJC(-0/0CC-N
14X0(-COJ0
1xCl=0iC

m Virtual Mass Spec
= (in time)
m Distance Measure
= to expected products




GlycollicAldehyde fragmentvs-Time

Resultsfor-Glucose-+=Alanine-(pH=7)

100

(116)

90+ Black: Matches
Red: Experiment
80+ Blue: RG

(102)
(109)

70

Iroxybutan-2-one (102)

60

2.3-Dihydro-5-hydroxy-6-methylpyran-4-one

501

40t

meth

301

20

Sugar fragment (120) and Tri

Results for-Glucose &= Tthreonine (pH-7)

160

Black: Matches
Blue: RG
Red: Experiment

140+

120

Acetic Acid + Glyeollic akdehyde

Formaldehye

100 |

80

2
]
E
H
a

Hydroxacetone

60

Formic acid

40

Acetaldehyde

20

Conclusion

= Model and Optimise paradigm is
powerful

= Interplay between representation,
operators and fitness function is critical

m Multi-criteria optimisation offers choices




