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Meeting everyday needs of 
people everywhere

Unilever Brands
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Patenting computer-designed peptides, Patel, Stott, Bhakoo & Elliott, Journal of Computer-Aided 
Molecular Design, 12: 543-556 1998
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–– KLALALLLAGSAASAKLALALLLAGSAASA

� Alpha-Helical Peptide
� Side View

� red = hydrophobic
� blue = hydrophilic
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Net
Aureus 0.77 0.91

E Coli 0.75 0.81
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Peptide Sequence predicted
log kill

measured 
log kill

AASKAAKTLAKLLSSLLKLL 7.22 > 5.96

LLKKLLRAASKALSLL 7.13 > 5.90

AAKKLSKLLKTLLKLL 7.35 > 5.76

KALKKLLKLASSLLTAL 7.04 5.90

AASKALRTASRLARSLLTLL 7.03 > 5.85
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� New Process:
– requirements
– formulators experience
– past products
– experiments
– predictions based on past experiments
– trade-off analysis based on predictions

� Current Process:
– requirements
– formulators experience
– past products
– experiments
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Design the Formulation
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formulation
variables

models
applied

measured
outputs
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Patel S, (2001), Method for optimising formulations, EP1146446
Patel S, (2001), Method for finding solutions, EP1146447
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� Optimisation
against

– Cleaning
– Mildness

� BUT ALSO
– Cost
– Foam
– Uncertainty

� Robustness ~= 
size of regions
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Current + 
Ingredient 1

Current + 
Ingredient 2

Variants of 
Current

Current
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Soup Mix: 
start = 
Amino 

Acids & 
Sugars

Reaction 
Base

Products, inc
Intermediates 

Expectations

Measured 
(GC-MS)

Reaction
S1

S2 R2

R1
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Patel S, Rabone R, Russell S, Tissen J, Klaffke W, (2001) Iterated Reaction Graphs: Simulating Complex Maillard Reaction Pathways, Journal of 
Chemical Information and Computer Sciences, Vol 41, 4, 926-933
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� List of Molecules in SMILES notation

C(O)C(O)C(O)C(O)C(O)C=O
C(O)C(O)C(O)C(O)C(O)C=O
C(O)C(O)C(O)C(O)C(O)C=O
C(O)C(O)C(O)C(O)C(O)C=O
…
NC(C(C)O)C(=O)O
NC(C(C)O)C(=O)O
…….
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‘Operators’ = Chemical Reaction 
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C(=O)C(C(=CC(=C)O)O)O     R1_1_6_endiol C(=C(C(=CC(=C)O)O)O)O 1
C(=O)C(C(C(C(=C)O)O)O)O  R1_1_6_endiol C(=C(C(C(C(=C)O)O)O)O)O 1
C(=NCC(=O)O)C(C)O            R1_1_2_enamine C(=C(C)O)NCC(=O)O 1
C1=CN=C(C(C)O)O1             R1_4_2_strecker C(=CN)OC(=O)C(C)O 1
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<Start> C(O)C(O)C(O)C(O)C(O)C=O R1_3_6_sub_enol C=C(O)C(O)C(O)C(O)C=O R1_1_8_abunsaturated C=C(O)C(O)C=C(O)C=O 
R1R_1_8_abunsaturated C=C(O)C(O)C(C(O)C=O)O R1_2_2_retroaldol C=C(O)C(O)C=O R2_1_1_Schiff_base
CC(O)C(N=CC(C(=C)O)O)C(=O)O R1_4_1_Strecker CC(O)C=NC=C(C(=C)O)O R1_4_2_strecker CC(O)C=O R1_1_6_endiol ….
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1 x C(=C(C)O)NCC(=O)O
1 x C(=CO)C(=O)OCC=N
14 x C(=CO)O
1 x C(=O)C
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