
The 30 most promising FAP hits were synthesized and tested crude for their ability to be FAP substrates. 

Those with a slope over 30 RFU/min were purified and further tested for selectivity against a protease 

panel (data not shown). 

• We have developed a chemically modified phage display methodology to prepare substrates that are 
selective even for closely related proteases.

• Currently we are working on optimizing the activity and selectivity of our best peptide hits for FAP 
(peptides 23 and 24 ) and DPPIV (peptide 10).
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Data for DPPIV analysis. 254 peptides are 3-fold enriched comparing the protease vs no-protease 
libraries in the 5th panning round. Those can be classified in 9 clusters using the Gibbs clustering.

Library enrichment as monitored by ACC fluorescence:

Traditionally the enrichment is measured by tittering TGI cells infected with released phage particles.

Here we monitored it using ACC fluorescence, which is faster, less labor intensive and cheaper than 

the classic tittering. 

2h, 37ºC

FAP 30 nM
or

DPPIV 10 nM

PROTEOLYTIC SUBSTRATE SELECTION

CFU titters **

Panning linker (1) is designed to: 

- enable the peptide cyclization

- feature a protease recognition site, P1 site, here P1 = Pro 

- incorporate the selected fluorophore: ACC

- add a biotin to immobilize the library on affinity beads

- allow bioorthogonal incorporation to the phage displayed peptide: 
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• Glucose homeostasis
• Collagen metabolism

Validated target for
 type II diabetes

• Highly expressed in 
tissue remodeling

• Tumor growth and 
metastasis1

Promising target for 
inflammation & 
cancer2

• Largely unknown 
function

• Macrophage 
activation

• α-synuclein 
activation

• Serine proteases with P1 specificity for Proline. 

• FAP & DPPIV are type II membrane proteins but also the soluble form is present.

• Conserved catalytic triad: Ser, Asp, His   -> Cross reactivity of substrates

• CHALLENGE: 

      Achieve selectivity for 1 protease when developing substrates and inhibitors

x 4-5

3. On-bead 
immobilization

4. Washes

5. PROTEOLYTIC 
SUBSTRATE SELECTION

6. NGS sequencing

PANNING CYCLE

Substrate mimic (P1)

Neutravidin beads
Unbound phage

Phage displaying 
hit substrates

1. Amplification
 in TGI cells

2. CHEMICAL 
MODIFICATION

• We performed 4 rounds of panning for each target protease (FAP & DPPIV), following the 

below workflow4:

GOAL 
• Establish a phage display-based method to develop selective fluorogenic substrates 

in a fast unbiased way.

• Benchmark our method by identifying selective substrates for the therapeutically 

interesting serine proteases FAP and DPPIV.

• Chemically modified phage display is a rapid and unbiased screening method to identify new 

classes of selective fluorogenic substrates from highly diverse pools of candidate molecules 

(up to 109 chemical diversity)

Thanks to the biotin incorporated via the linker addition, the phage library is immobilized 

on a solid support. This allows to perform stringent washes and, after incubation with the 

protease, to collect the selected substrate peptides in a straightforward way.
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Target: FAP Target: DPPIV

Enrichment of phage displaying FAP or DPPIV substrates increases with each panning round 
with equivalent astringency conditions (enzyme concentration, incubation time...). 

Peptide hits are identified via comparative data analysis (protease vs no protease) and a subsequent 

scoring system is used to locate the most promising substrates.

PEPTIDE HIT VALIDATION

CONCLUSIONS & OUTLOOK
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or
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FAP CYCLIC PEPTIDES

DPPIV CYCLIC PEPTIDES

Right panel shows 

examples of time vs 

fluorescence curves of 

tested peptides. 

Not selected: 

Selected: 
z-GP-AMC ~450 RFU/min

(commercial substrate)

The peptides that showed selectivity for FAP over DPPIV, DPP9 and PREP were selected, total of 4 

peptides, and the sequence specificity of their activity was tested by preparing a scrambled version (data 

partially shown). Two peptide hits 23 and 24 showed sequence specificity and we initiated the 

optimization of their activity by preparing structurally truncated versions. Data shown below:

YLRNLHH
YLANLHH
YVPNLHH
YLPNVHH
YLPNLHD
YLPNLDH
SLRINSV
SLPINSL
.....

30 – 40 cyclic peptides 

were synthesized and 

tested, based on the 

panning output. Left. 

Activity assay scheme. 

Right. General structure 

of the peptide hits of 

this work & few of the 

FAP cluster 1 and 2 hits.

We prepared 36 hits + 3 control cyclic peptides and screened them for selectivity (see below), with 9 

selected to further test (data not shown). Peptide 10 resulted in the best hit ( see bottom panels).
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