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Bi li idBicyclic peptides
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(Timmerman, P. et al., 

ChemBioChem, 2005)



Phage‐encoded bicyclic peptides
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Chemical reaction

Reaction conditions:Reaction conditions: 

• aqueous buffer

• 20% acetonitrile20% acetonitrile

• pH 7.8

• RTRT

• 1hr

(Timmerman, P. et al., ChemBioChem, 2005)
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Cysteine residues in the M13 phageCysteine residues in the M13 phage
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Cysteine residues in the M13 phageCysteine residues in the M13 phage

phage copies per number of cysteines phage 
protein:

copies per 
phage:

number of cysteines 
per coat protein:

pVIII 2700 0

pVII ~ 5 1 

pIX ~ 5 1 

pIII ~ 5 8

pVI ~ 5 1
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h h d lf d fPhage with disulfide‐free gene‐3‐protein

(Kather I et al JMB 2005)(Kather, I. et al., JMB, 2005)
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Phage peptide library

library size: > 4x109 transformants y
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Targets: serine proteases (class S1A)
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Targets: serine proteases (class S1A)

Plasma kallikrein

Plasma kallikrein with substrate‐

binding pocketbinding pocket
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Sequences of selected peptidesSequences of selected peptides
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Sequences of affinity matured peptides
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Inhibitor specificity

Protease Sequence identity* IC50 (nM)

Human plasma kallikrein 1.7

Mouse plasma kallikrein 79% > 10‘000Mouse plasma kallikrein 79% > 10 000

Factor XIa 63% > 10‘000

Thrombin 36% > 10‘000

*) compared to human plasma kallikrein
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NMR t tNMR structure
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Cathepsin G selections
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Cathepsin G selections

Heinis, C. et al., Nat. Chem. Biol., 2009
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Part II: Therapeutic potential of bicyclic peptides? 

EPFL, Lausanne, Switzerland
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Urokinase‐type plasminogen activator (uPA)

Structure of uPA
(25 kDa)(25 kDa)
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Urokinase‐type plasminogen activator (uPA)
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Available uPA inhibitors 

Inhibitor Activity

WX‐UK1 (small molecule in clinical trials) Ki = 410 nM

CJ‐436 (most selective/potent small molecule) Ki = 20 nM

Upain‐1 (best monocyclic peptide) Ki = 6700 nM

DS2 (monoclonal antibody against murine uPA) KD = 6.4 nMDS2 (monoclonal antibody against murine uPA) KD  6.4 nM
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