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Development of peptide FET sensor for highly sensitive and simple detection of
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A silicon-based FET sensor was developed to measure the expression of
cathepsin E (CatkE). This was achieved by immobilizing a CatE-specific substrate peptide on the FET
surface and measuring CatE cleavage using a palm-sized portable FET device (called FETSOR) (Fig. 1
left). The measurement conditions for operating the biosensor were optimized at pH 7.4 and 0.01X
PBS. As a result, 2.3 pmol of CatE successfully distinguished the presence or absence of activity to

cleave the substrate peptide (Fig. 1 right). The total charge on the peptide at pH 7.4 was +8.51,
which decreased to +3.61 after cleavage, as confirmed by a 0.05 V decrease in the measured gate
voltage. Thus, the usefulness of the FETSOR-based CatE measurement was successfully demonstrated and

evaluated. The project will end with the achievement of develoBing a portable peptide-based FET
sensor for the simple and rapid detection of the breast cancer biomarker cathepsin E.
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3.1 Design and synthesis of Peptide Aptamer and Peptide substrate: Total 5 peptides candidates
are designed and synthesized:

Peptide aptamer (inhibitor or activator) for Cathepsin E

1. CatE_3L-Inhibitor-4.5_Bio (31 aa): NH2-SCGGI I1ISC IAVIS LIPGR IGCIR AKAAA K(Biotin)

2. CatE_4L-Activator-7.5_Bio (36 aa): NH2-GCPCI DFKVE VQVEV AEALL SALSL SPGW R AKAAA K(Biotin)
Peptide substrate for Cathepsin E

3. CatE-Sub_acidic-Bio (30 aa): NH2-CALNNRAKAAAKGKPILF_FRLKRRAKAAAK(Biotin)

4. CatE-Sub_neutral-Bio (29 aa): NH2-CALNNRAKAAAKGGR RSGTCGRRAKAAAK(Biotin)

5. CatE-Sub_neutral-Bio/pADA (29 aa):  (pADA)RAKAAAKGGR RSGTCGRRAKAAAK(Biotin)

CatE aptamer CatE substrate Alphahelix Ligandfor NPs (terminal modification)

3.2 Immobilization of peptide aptamer on carrier magnetic microbeads:

A biotinylated alpha-helix inducing ligand is utilized to immobilize peptide aptamer onto a carrier
A biotinylated alpha-helix inducing ligand is utilized to immobilize peptide aptamer onto a carrier
bead, i.e., streptavidin coated magnetic beads (1 um). The optimum binding conditions are PBS
buffer (pH 7.4) at 25°C for 20 minutes using gentle rotation. The binding efficiency of peptide on
beads was confirmed by comparing molecule concentration before and after coupling.

3.3 Coupling of gold nanoparticles (AuNPs) and peptide substrate:

A pentapeptide ligand (CALNN) coupled with alpha-helix inducing ligand (RAKAAAK) is utilized to
immobilize the peptide substrate onto gold nanoparticles (40 nm). First, the terminal Cysteine of
pentapeptide is coupled with BSA (Bovine Serum Albumin) protein via NHS-ester of BSA protein
and pyridyldithiol reactive group of SPDP (succinimidyl 3-(2-pyridyldithio)propionate) crosslinker.
The complex is purifed using gel filtration column and confirmd by SDS-PAGE analysis. Next, the
CatE-substrate peptide coupled BSA is physically adsorbed onto the gold nanoparticles. The
optimum binding conditions are potassium phosphate buffer (50 mM) at 25°C for 10 minutes. The
blocking is done by 10% BSA for another 10 minutes. The binding efficiency of peptide on
nanoparticles is confirmed by lateral flow assay

3.4 Activity assay and electrochemical sensitivity evaluation of recombinant Human CatE using
products of steps 3.2 and 3.3:

The binding of peptide aptamer with recombinant Human CatE enzyme which is bounded on
magnetic beads are performed in selection buffer (50 mM Tris-HCI, 200 mM NaCl and 5 mM MgCI2,
pH7.4) at 25°C for 15 min. The binding efficiency was confirmed by comparing molecule
concentration before and after binding reaction.

The protease activity assay of recombinant Human CatE enzyme (20 ng/mL) to cleave peptide
substrate-conjugated AuNPs (100 uM) is performed at neutral pH 7.5 using selection buffer at
40°C for 30 min. The uncleaved peptide substrate-conjugated AuNPs is washed out using
streptavidin-coated magnetic particles. The protease activity assay is evaluated by performing a
direct redox reaction of the AUNP moiety of cleaved proudcts. Fig. 1 shows the electrochemical
measurement results. The drop in FETSOR current represents the cleaved part of CatE-substrate
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