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Fluorine ςa unique element for molecule design

The most abundant halogen in earth´s crust

Relatively low abundance (only ~10 biogenicallyproduced organofluorine
compounds) 

Currently 30% of the top thirty drugs by sales contain a fluorine atom

hΩIŀƎŀƴ, D.; J. Fluor. Chem.2010, 131, 1071ς1081.
hΩIŀƎŀƴ, D.; B. Harper, D.; J. Fluor. Chem.1999, 100, 127ς133.
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Fluorine ςa unique element for molecule design

hΩIŀƎŀƴ, D.; B. Harper, D., J. Fluor. Chem.1999, 100, 127ς133; hΩIŀƎŀƴ, D., J. Fluor. Chem.2010, 131, 1071ς1081.

Á Size

CH3 CF3 C

CH3H3C

21.6 Å3 39.8 Å3 56.2 Å3

O

1.20 Å       1.47 Å      1.52 Å 

FH

Á High electronegativity

Á Very low polarizability

19F NMR

Metabolic stability

Conformational stability

Lipophilicity and polarity

Á Strong inductive effect

Fluorination opens a universe of options for peptide and protein engineering

Bioisosteric
substitutions
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Incorporation of fluorine in peptides and proteins ς
AG Kokschwork

Salwiczek, M.; Nyakatura, E. K.; Gerling, U. I. M.; Ye, S.; Koksch, B.; Chem. Soc. Rev. 2012, 41, 2135ς2171.

Gerling, U. I. M.; Salwiczek, M.; Cadicamo, C. D.; Erdbrink, H.; Czekelius, C.; Grage, S. L.; Wadhwani, P.; Ulrich, A. S.; Behrends, 
M.; Haufe, G.; Koksch, B.; Chem. Sci. 2014, 5, 819ς830.

Asante, V.; Mortier, J.; Wolber, G.; Koksch, B.; AminoAcids2014, 46, 2733ς2744.

Ye, S.; Loll, B.; Berger, A. A.; Mülow, U.; Alings, C.; Wahl, M. C.; Koksch, B.; Chem. Sci. 2015, 6, 5246ς5254.

Á Synthesisof fluorinatedaminoacids,peptides,andproteins;

Á Peptide/proteininteractions;

Á Preferredbindingpartnersfor fluorinatedaminoacidsby phagedisplay;

Á Conformationandfoldingkineticsof amyloidformation;

Á Proteasestability;

Á Fluorinein biologicallyrelevantsystems.
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Hydrophobicity and h-helix propensity of fluorinated amino 
acids

Gerling, U.I.M.; Salwiczek, M.; Cadicamo, C.D.; Erdbrink, H.; Grage, S.; Wadhwani, P.; Ulrich, A.; Behrens, M; Haufe, G.; Czekelius, C; 
Koksch, B.,Chem. Sci.2014,5 (2), 819-830
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PART I

Influence of fluorine on the folding of 
amyloid forming peptides

Gerling, U. I. M.; Salwiczek, M.; Cadicamo, C. D.; Erdbrink, H.; Czekelius, C.; Grage, S. L.;
Wadhwani, P.; Ulrich,A. S.; Behrends,M.; Haufe,G.; Koksch, B.; Chem. Sci. 2014, 5, 819ς830.
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Peptide design: structure of the amyloid forming model 
peptide  

ŘΨ

ŀΨ

ŜΨ

ƎΨ

ōΨ

ŎΨ

ŦΨ

a

d

cg

e

f

b

ŘΨ

ŀΨ

a

d

ŜΨ

ƎΨ

g

e

a, d

e, g

b, c,
f

S24S17S10  V3

K21

V14

K7

E6

V13

E20

E25

E18

E11

E4

L22

L15

L8

L1

K2

K9

K16

K23

L5

L12

L19

L26

E20

V13

E6

K7

V14

K21

E4

E11

E14

E25

K23

K16

K9

K2

L1

L8

L15

L22

L26

L19

L12

L5

V3    S10S17S24

V13

V3

V14

V3

V13

V14

Hydrophobic interactions

Electrostatic interactions

Polar/ charged residues
free for substitutions

Residues involved in 
-hhelical coiled coil formation

Residues which promote 
amyloid formation

V14 V13

V13 V14

V3
V3

Fluorinated amino acids 
(positions 13 or 14)
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Peptide library 
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Single substitution at position 13 Single substitution at position 14

Fluorine
content

Rate of
amyloid

formation

Influence of fluorine on the folding of amyloid forming 
peptides



10

PART II

Impact of fluorination on protease stability 
of peptides

Asante, V.; Mortier, J.; Wolber, G.; Koksch, B.; AminoAcids2014, 46, 2733ς2744.
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Fluorine in drug design

Jäckel, C.; Salwiczek, M.; Koksch, B. Angew. Chem. Int. Ed.2006,45, 4198ς4203; Asante, V.; Mortier, J.; Wolber, G.; Koksch, B., 
Amino Acids2014, 46 (12), 2733-2744

ENZYME

Developmentof new therapeuticallyactivepeptides

Proteolyticstability

Weakmetabolicstability

Lowbioavailalibityin vivo

Lowbiologicalpotency

Incorporation of non-natural amino acids with new functional groups



12

Peptide library

Asante, V.; Mortier, J.; Wolber, G.; Koksch, B., Amino Acids2014, 46 (12), 2733-2744

S3 S2 S1 S1' S2' S3'

Peptide P4 P3 P2 P1 P1' P2' P3' P4' P5'

control Abz- Lys Ala Ala Phe Ala Ala Ala Ala Lys

P2-TfeGly

P2-DfeGly
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Phe

Phe

Ala

Ala 

Ala    
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Abz-
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ENZYME

P1ô

P2

P2ô
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Proteolytic Stability

Asante, V.; Mortier, J.; Wolber, G.; Koksch, B., Amino Acids2014, 46 (12), 2733-2744

a-Chymotrypsin:

TfeGly

DfeGly

P2 Pó1 Pó2

TfeGly
DfeGly

TfeGly

DfeGly

TfeGly

DfeGly TfeGly DfeGly

TfeGly

DfeGly

Pepsin:

V Fluorination significantlyaffects the stability of peptides against enzymesbut with different
outcomes

V Fluorinesubstituentsin the contextof a peptideenvironmentdo not leadto a generalincreasein
proteolyticstability

V Dependson: position of substitution, type of enzyme,degreeof fluorination
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PART III

Impact of fluorination on activity of the 
serine protease inhibitor BPTI 



15

BPTI (Basic (bovine) Pancreatic Trypsin Inhibitor)

Ascenzi, P.; Bocedi, A.; Bolognesi, M.; Spallarossa, A.; Coletta, M.; De Cristofaro, R.; Menegatti, E.Curr. Protein Pept. Sci.
2003, 4(3):231; Ye, S.; Loll, B.; Berger, A.A.; Mülow, U.; Alings, C.; Wahl, M.; Koksch, B., Chem.Sci.2015, 6, 5246-5254

ENZYME
Á 58 amino acid sequence
Á High thermal and chemical resistance
Á -̡hairpin (twisted anti-parallel sheet), two 

helical regions 
Á Three disulfide bonds
Á Serine protease inhibitor family (trypsin, 

chymotrypsin, plasmin)
Á Lys15 is crucial residue of interacting loop

BPTI-trypsin interaction
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Impact of Fluorine on structure and stability

Ye, S.; Loll, B.; Berger, A.A.; Mülow, U.; Alings, C.; Wahl, M.; Koksch, B., Chem.Sci.2015, 6, 5246-5254

Minimal structuralperturbation
Increase of thermal 

stability

Tm/GdmCl Tm/Urea

Lys15(wt) 66.5 75.8

Lys15Abu 63.4 71.7

Lys15DfeGly 68.8 74.8

Lys15TfeGly 68.3 73.8

Thermal denaturation values for BPTI variants
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Inhibitory activity

Ye, S.; Loll, B.; Berger, A.A.; Mülow, U.; Alings, C.; Wahl, M.; Koksch, B., Chem.Sci.2015, 6, 5246-5254

Reductionof inhibition with the incorporationof Abu

Restorationof the inhibition levelsuponincorporationof fluorine

BPTI -̡trypsin

Lys15(wt) 5.17 x 10-7

Lys15Abu n.d.

Lys15DfeGly 3.88 x 10-7

Lys15TfeGly 5.20 x 10-7

Binding disassociation constant (Kd M) 
of BPTI species with ̡-trypsin

n.d.= not obtained from curves 
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Protein crystallographic structure

Ye, S.; Loll, B.; Berger, A.A.; Mülow, U.; Alings, C.; Wahl, M.; Koksch, B., Chem.Sci.2015, 6, 5246-5254

ENZYME
Vapordiffusion (sitting drop) method Protein complexes Resolution

-̡trypsin ςBPTI (wild-type) 1.25 Å

-̡trypsin ςBPTI (Lys15Abu) 1.37 Å

-̡trypsin ςBPTI (Lys15DfeGly) 1.37 Å

-̡trypsin ςBPTI (Lys15TfeGly) 1.30 Å

In collaboration with Dr. Bernhard Loll, Prof. Dr. Markus Wahl, FU-Berlin


