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Fluorine¢ aunique element for molecule design

The most abundant halogen in earshcrust
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F Relatively lonabundancdgonly ~10biogenicallyproducedorganofluorine
Fluorine Compounds)
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Currently 30% of the top thirty drugs by sales contain a fluorine atom
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Crestor (Rosuvastatin) Prevacid (Lansoprazole) Sitagliptin
inhibits cholesterol antacid/stomach ulcers (anti diabetes)

biosynthesis

h Ql I,B.;JJ¥luor. ChenR010 131, 107%1081.
h QI I, B.lB/HarpeD.;J Fluor. Cherml999 100, 127133.



Fluorine¢ aunique element for molecule design

9 A Size

F A High electronegativity HC CH
Fluorine A Very low polariz&Bitity R BC/ Bioisosteric
18.998 A Strong induct \?61%%1 WEAA  56.3DR substitutions

Fluorination opens a universe of options f@eptide and protein engineering

19 NMR
HsC ~ CHLFy HxFyC'HzC><H Metabolic stability
H,N COOH H,N COOH Conformational stability

Lipophilicity angoolarity

h QI I, B.l B/ Harper, DJ, Fluor. Chend999 100, 127133;h QI [, B.l.Jyluor. Cher2010 131, 107X 1081.



Incorporation ofluorinein peptidesandproteinsc
AGKoksclwork

A

Synthesi®f fluorinatedaminoacids,peptides,andproteins
Peptide/proteininteractions

Preferredbindingpartnersfor fluorinatedaminoacidsby phagedisplay
Conformationandfoldingkineticsof amyloidformation;
Proteasestability;

Fluorinein biologicallyrelevantsystems

SalwiczekM.; Nyakatura E. K.; Gerling, U. I. Mg S.;KokschB; Chem Soc Rev2012 41, 213%2171.

Gerling U. I. M.;SalwiczekM.; CadicamoC. D.Erdbrink H.;CzekeliusC.;Grage S. L.Wadhwanj P.; Ulrich, A. S.; Behrends,
M.; Haufe, G.Koksch B.;Chem Sci 2014 5, 819830.

Asante V.; Mortier, J.Wolber, G.;Koksch B; AminoAcids2014, 46, 2733,2744.
Ye S.Loll B.; Berger, A. AMulow, U.;Alings C.; Wahl, M. CKokschB.;Chem Sci 2015 6, 5246;5254.



Hydrophobicity anél-helix propensity of fluorinated amino
acids

Canonical amino acids
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TfeGly (2S, 3S)-TfV (2S, 3R)-TfV
Gerling U.I.M.;SalwiczekM.; CadicamoC.D.Erdbrink H.;Grage S.;Wadhwanj P.; Ulrich, A.; Behrens, Maufe G.;CzekeliusC; 5

KokschB.,Chem. Sc014,5 (2),819-830
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Peptide design: structuief the amyloid forming model
peptide

Hydrophobidnteractions

‘ Electrostatianteractions
Polar/charged residues
free for substitutions

V; ISTSTSH

. Fluorinated amino acids
(positions13 or14)

Residues which promote
amyloid formation

______

. Residues involved in
L.---2 h_helical coiled coil formation

v



Peptide library

Peptide Sequence

P1 LK-Val-ELEKLKSEL-Val-Val-LKSELEKLKSEL
P1_MfeGly 13 LKVELEKLKSEL-MfeGly-VLKSELEKLKSEL
P1_MfeGly 14 LKVELEKLKSELV-MfeGly-LKSELEKLKSEL
P1 DfeGly 13 LKVELEKLKSEL-DfeGly-VLKSELEKLKSEL
P1_DfeGly 14 LKVELEKLKSELV-DfeGly-LKSELEKLKSEL
P1 TfeGly 13 LKVELEKLKSEL-TfeGly-VLKSELEKLKSEL
P1 TfeGly 14 LKVELEKLKSELV-TfeGly-LKSELEKLKSEL

P1 Leu 3,13,13

LK-Leu-ELEKLKSEL-Leu-Leu-LLKSELEKLKSEL

o T

COOH H,N COOH HoN COOH

(S)-2-aminobutyric (S)-Monofluoroethyl (S)-Difluoroethyl  (S)-Trifluoroethyl

acid
(Abu)

glycine glycine glycine
(MfeGly) (DfeGly) (TfeGly)



ThT Fluorescence

485 nm

Influenceof fluorineon thefolding of amyloid forming
peptides
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Singlesubstitution at position 13

® VW3
A TfeGly 13
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O Leu3 13,14
0 100 200 300 400
time [h]
Fluorine
content

ThT Fluorescence

485 nm

120

100 -

80 -

60 -

40 -

20 A

Singlesubstitution at position 14
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Asante V.; Mortier, J.Wolber, G.;KokschB; AminoAcids2014 46, 27332744.
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Fluorine in drug design

Weakmetabolicstability

Developmenibf newtherapeuticallyactivepeptides Lowbicavailalibityin vivo
Lowbiologicalpotency
Proteolyticstability

Incorporation of nonnatural amino acids with new functional groups
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."\H .\\H .‘\H
HoN COOH HyN COOH HsN COOH
Abu DfeGly TfeGly

Jackel C.;SalwiczekM.; Koksch B.Angew ChemInt. Ed.200645, 41984203;Asante V.; Mortier, J.; Wolber, G.; Koksch, B.,
Amino Acid2014 46 (12), 2732744



Peptide library

Peptide P4’ P5'
cleavage site
control Abz- Lys Ala Ala Phe Ala Ala Ala Ala Lys
P2-TfeGly Abz- Lys Ala TfeGly Phe Ala Ala Ala Ala Lys
P2 P2-DfeGly Abz- Lys Ala DfeGly Phe Ala Ala Ala Ala Lys
P2-Abu Abz- Lys Ala Abu Phe Ala Ala Ala Ala Lys
P1'-TfeGly Abz- Lys Ala Ala Phe TfeGly Ala Ala Ala Lys
P 1 @1'-DfeGly Abz- Lys Ala Ala Phe DfeGly Ala Ala Ala Lys
P1'-Abu Abz- Lys Ala Ala Phe Abu Ala Ala Ala Lys
P2'-TfeGly Abz- Lys Ala Ala Phe Ala  TfeGly Ala Ala Lys
P 2 @2'-DfeGly Abz- Lys Ala Ala Phe Ala  DfeGly Ala Ala Lys
P2'-Abu Abz- Lys Ala Ala Phe Ala Abu Ala Ala Lys
12

Asante, V.; Mortier, J.; Wolber, G.; KokschABiino Acid2014 46 (12), 2732744




ProteolyticStability

a-Chymotrypsin:
e =

DfeGly TfeGly DfeGly
DfeGly
TfeGly
TfeGly
P2 Po1 P62
Pepsin I |
TfeGly TfeGly
DfeGly DfeGly TfeGly DfeGly

V Fluorination significantly affects the stability of peptides againstenzymesbut with different
outcomes

V Fluorinesubstituentsin the contextof a peptide environmentdo not leadto a generalincreasen
proteolytic stability

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

13
Asante, V.; Mortier, J.; Wolber, G.; KokschABiino Acid2014 46 (12), 2732744
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BPTIBasic (bovinelPancreaticlrypsininhibitor)

A 58 amino acid sequence

A High thermal and chemical resistance

A I -hairpin (twisted antiparallel sheet), two
helicalregions

A Threedisulfidebonds

A Serine protease inhibitor familjrypsin,
chymotrypsin, plasmin

A Lys1S5s crucial residue of interactingop

- \\ H
COOH
TfeGly
BPTitrypsin interaction
AscenziP.;Bocedj A.;BolognesiM.; SpallarossgA.;Coletta M.; DeCristofarg R.;Menegatti E.Curr ProteinPept Sci. 15

2003 4(3)231;Ye, S.; Loll, B.; Berger, A.A.; Mulow, U.; Alings, C.; Wahl, M.; Kok€ttenB.ScR015 6, 52465254



Impact ofFluorineon structure and stability
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tH

RAAMMMALEELE PP Y
afiia
aitd
a4t

Thermal denaturatiorvaluesfor BPTI variants

BPTI ( ) - folded

’ BPTI (Lys15Abu) - unfolded

BPTI ( ) - unfolded

* BPTI (Lys15TfeGly) - unfolded
* BPTI(Lys15Abu) - folded

BPTI ( ) - folded

*  BPTI(Lys15TfeGly) - folded

Tm/GdmCl  Tm/Urea
Lys1%wt) 66.5 75.8
Lys15Abu 63.4 71.7
Lys15DfeGly 68.8 74.8
Lys15TfeGly 68.3 73.8
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Minimal structural perturbation

1

Increase of thermal

stability

Ye, S.; Loll, B.; Berger, A.A.; Milow, U.; Alings, C.; Wahl, M.; Kok€ttenB.ScR015 6, 52465254
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Inhibitory activity

. Inhibition of B-trypsin Binding disassociation constark, (M)
of BPTI species withtrypsin
1,0 4
= BPTI I -trypsin
‘© 08
3 Lys15%wt) 5.17 x 16/
2 06+
< Lys15Abu n.d.
2 04-
® Lys15DfeGly 3.88 x 10
22T - eeni ) Lys15TfeGly 5.20 x 10
o = BPTI (Lys15Abu)
0,0 4 BPTI ( )
. BIPTI I(Lys|15TfleGlyl) — - n.d.= not obtained from curves

I
7.4 7,2 -7,0 -6,8 -6,6 -6,4 -6,2 -6,0 -5,8
log (concentration of BPTI)

Reductionof inhibition with the incorporationof Abu

l

Restorationof the inhibition levelsuponincorporationof fluorine

Ye, S.; Loll, B.; Berger, A.A.; Miilow, U.; Alings, C.; Wahl, M.; Kok€tierBScR015 6, 52465254 17



Protein crystallographic structure

Vapordiffusion (sitting drop) method Protein complexes

I -trypsing BPTI (wiletype)

I -trypsing BPTI (Lys15Abu)
I -trypsing BPTII(ys15DfeG)y
I -trypsin¢ BPTII(ys15TfeG)y

In collaborationwith Dr. Bernhard Loll, Prof. Dr. Markus Wahl-BeJlin

Ye, S.; Loll, B.; Berger, A.A.; Milow, U.; Alings, C.; Wahl, M.; Kok€ttenB.ScR015 6, 52465254

Resolution
1.25 A
1.37 A
1.37 A
1.30 A
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