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s method is developed to accelerate the screening process.
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A microfluidic chip based method utilized for effective screening of high-throughput peptide libraries was
achieved. Continuous flow bead trapping, sorting, arraying and in sifu sequencing was integrated. Peptide
library screening with 10° beads was processed within 4 hours and peptide ligands toward the target
protein AHA and APN were successfully discovered.

Active peptides can be screened from a large population of and Scheme. S1 in supporting information).* It consist of peptide
randomly generated sequences, which is the essence of lead so beads sorting channels and the single bead trapping array. To
compound selection in drug discovery.' Combinatorial peptide evaluate the effectiveness of this system, proof-of principle
chemistry have been widely used for affinity ligand identification experiments were performed. An OBOC library was constructed
towards target receptors.” ® Among them, one-bead-one- on the Tentagel beads'* (30 um) using Fmoc peptide synthesis

compound (OBOC) library approach has been utilized to discover strategy®! with the known ligand HA towards the protein AHA®
novel ligands.” ® However, methods remain too finicky and ss (Scheme. S2). The sequence is YPXXXXXXX with X standing
inefficient to ensure success with high-throughput on-bead for Y, P, D, V and A randomly so that the capacity of the peptide

a

peptide screening. In modern combinational chemistry, several library was 7x10* (57). The redundancy of library was six and
methods have been developed to accelerate peptide screening there are 10° candidate peptide beads. The target protein AHA
processes.”'* With specific conjugation assay, OBOC peptide was labeled with biotin and the positive beads were given
beads could be trapped by a magnetic field instead of being ¢ magnetic signal through the bridge of peptide-protein-biotin-

picked out manually, which have improved the screening streptavidin-magnetic beads.”
efficiency.'* > High-throughput peptides could also be coded by

quantum dots or colloid."" ' '7 Continuous flow beads sorting
18-20

Downstream Outlet *

Conductive
gold layer with
i positioning mark

Also, nucleic acid coding have been emerged.?’ However, exist
OBOC screening processes still require two tedious steps: One is
the manual isolation of individual positive hits from the library.
The other is the cleavage and sequencing of the large number of < = Peptide Beads
positive peptides. Nowadays, microfluidic and microarray

technique provide an integrated strategy for high-throughput
sample process.”>> Based on the previous work,”*? herein an samasaasy
integrated and automated OBOC screening strategy based on a

microfluidic system which embraces the whole peptide ligands

screening process was put forward. Using a microfluidic chip 5__ "‘EEESZ{ﬁ

With‘ magnetic tra.pping and sheath flow sorting functions, a Fig.1 Microfluidic screening chip system (a) the whole structure of the
peptide library with a large number of beads can be sorted microfluidic chip (b) trapping of the positive peptide beads (c) SEM
continuously (Fig.1 and Scheme. 1). The sorted positive beads ¢ image of the micro well array (d) A SEM picture of the microwell array
were trapped in the “one-bead-one-well” microarray follows with peptide beads trapping on the microfluidic chip (e) Enlarged image

of the microwell array with beads. (f) The conductive gold layer on the

. . . . 2
downstream with a high density of 10 000 peptides per cm” and microfluidic chip.

compatible with in situ matrix assisted laser desorption ionization

time-of-flight mass spectrometry (MALDI-TOF-MS) sequencing. In the peptide beads sorting process, the mixture of the peptides
This system has been applied to the discovery of affinity peptide beads and magnetic beads was introduced from the inlet, the
ligands from OBOC libraries, and also affinity peptide ligands magnet was set along the channel in the upstream. A sheath flow
could be identified effectively from the 10° OBOC candidates configuration was used downstream. When the two fluids in the
within 4 hours. two sheath flow channels differ enough, a “wall” of fluid emerges
The integrated microfluidic chip was made of silicon and so that the beads can be directed in different directions. Several

fabricated by conventional soft lithography techniques (Fig. la
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flow rates were tested and 60 pL/min was found to be the
optimized flow rate (Fig. Sla and b), which is accordance with
our simulations (Fig. S1c).When the positive beads were trapped
(Fig. 1b), the sheath flow rate A was set as 10 pL/min and the

Negative

s sheath flow rate B was set as 60 uL/min so that the negative
beads exit through negative outlet. When the two flow rates were
switched, the positive beads would flow downstream and get
trapped in the microwells.
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Scheme 1 Principle of the screening process (a) The positive peptide beads will be surrounded by the magnetic beads through the interaction bridge of
peptide-APN-biotin-streptavidin while native beads will remain naked. (b) The overview of chip system for beads trapping, sorting, and high-throughput
in situ single bead sequencing

The positive beads were trapped in the microwell array in the
downstream. Each microwell was a cube shape of 40 um (L) x 40
um (W) x 45 um (D), which is a suitable size to trap individual
peptide beads in a one-well-one-bead manner (Fig. 1c). To
prevent the loss of positive beads, microwell dimensions had to
be optimized (Fig. S2). The microwell array was utilized for in
situ MALDI-TOF-MS detection (Fig. 1c-e). A photo cleavable
linker, ANP (3-amino-3-(2-nitrophenyl) propionic acid), was
designed for in situ cleavage of the peptides from the beads by
the laser equipped in MS instrument. The microfluidic chip was
inserted into a modified MALDI target for in situ single bead
analysis. To provide the necessary conductivity for ionization, a
gold layer of 300 um thickness was sputtered on the surface (Fig.
1f). External calibration wells with the same 3D dimension were
designed and fabricated in the adjacent positions. In our
procedure, the trapping rate of the mircowell is up to 70% and the
in situ MS sequencing was achieved.

We obtained more than 400 sequences and 10 of them have hit at
the highest frequency which are aligned as shown in Fig. 2a.
Using the software ClustalX2,*® conserved sequences were
determined which is in accordance with the wild type ligand HA
with the sequence of YPYDVPDYA (Fig. 2b). It suggested the
motif with the highest affinity (Fig. 2¢c, Kp=7.12X 10" calculated
by Surface Plasmon Resonance image (SPRi) detection) towards
target protein AHA could be screened out efficiently. It is also
notable for this high-throughput screening system that promising
sequences could be identified quickly by sequence alignment.
Speed, throughput, and efficiency is important in OBOC peptide
screening. With the automated and integrated microfluidic chip
system, a peptide library screened with 10° beads could be

processed within 4 hours up to 4x10* high density microwell
array for positive beads displaying and in situ MALDI-TOF-MS

45 sequencing was achieved.
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Fig.2 (a) Alignment of positive sequences toward AHA using the

ClustalX2 multiple alignment tool. Conserved motifs are highlighted. (b)
The conserved sequence is the wild type HA (c) The conserved sequence

——0.008 ud
—— 0017 uM
=t

K=7.12X 10"

200 400 600 800 Timels

50 shows high affinity towards target protein AHA

We next applied this system to screen cancer target peptide
ligands. APN (aminopeptidase N), a membrane protein that plays
a key role in tumor angiogenesis was chosen as the target
protein.** Peptide library was constructed with a library capacity

ss of 8000. The peptide library was constructed with the sequence of

X1 XoX3X4XsXe in which X, represents either F, Y, A or L
residues. X, and Xj represent V, E, I or K residues and X,
represent N, R, G, H or Y residues. Using the microfluidic
system, APN affinity peptide ligand was screened and conserved

o sequences were determined. More than 60 sequences were

obtained and it suggested that the motif Tyr-Val(Glu)-Glu(Val)-
hit at the highest probability. The conserved sequence that
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emerged is YVENGY (Y-1, Fig. 3a) and YEVGHR (Y-2, Fig.
3f). We next tested the candidate ligand peptides as affinity
probes for the recognition of cancer cells. The APN-expressing
human ovarian carcinoma cell line SKOV-3 and hepatoma cell
line HepG2 were chosen as positive cells in vitro. Human
embryonic kidney (HEK) 293A cells, which express little APN
were chosen as negative cells. All the cells were cultured in the
medium with approximately 1x10° mL™" cells/dishes. Fluorescein
isothiocyanate (FITC) labelled Y-1 and Y-2 (1 mg/mL in PBS,
10 200 pL) and Hoechst 33342 (nuclear localization reagent) were
used to image all the cells. Binding was achieved by incubating
the cells in the solution for 40 min at 4 °C. Confocal fluorescence
imaging was performed on an Olympus FV1000-IX81 confocal-
laser scanning microscope.
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Fig. 3 Fluorescence intensity and affinity of the two positive peptides (a,
b) Structure and affinity determination of Y-1. (c-e) Confocal image of
FITC labelled Y-1binding towards SKOV-3, HepG2 and 293A cells
respectively. (f, g) Structure and affinity determination of Y-2. (h-j)
20 Confocal image of FITC labelled Y-2 binding towards three cells.

As shown in Fig. 3, incubation of SKOV-3 cells with both the
peptides resulted in strong binding (Fig. 3c and h). Also,
incubation of HepG2 cells also shows strong binding (Fig. 3d and
i). For the affinity probes, the fluorescence distributed evenly
across the cell membrane while no positive signal was detected in
nucleus or cytoplasm. This suggested that APN might exist
mainly on extracellular domain which is consistent with previous
reports.>> Meanwhile, neither of peptide shows binding affinity
towards t 293A cells (Fig. 3e and j). It is indicated that the
conserve sequence Tyr in the N terminal has made a hydrophobic
structure which can interact with hydrophobic elements in the
APN, which leads to the specific recognition of peptides towards
the extracellular domains of APN. These data indicated that cells
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expressing APN specifically bind to the peptide in a ligand and
receptor dependent manner. The dissociation constants (Kp) of
the Y-1 and Y-2 were calculated to be 1.51 pmol/L and 21.8
umol/L, respectively by SPRi detection (Fig 3b and g). These
SPRi results agree nicely with the fluorescence results. Though
specific optimization method, the two peptide ligand may
developed into cancer target probes prospectively.

Conclusions

A rapid and efficient microfluidic system for screening peptide
ligands was provided. Affinity peptides could be screened out in
a high-throughput manner of which the screening process is

s simplified and accelerated. Our system has been applied to the

identification of the wild type sequence towards protein AHA and
was also successfully utilized in discovery of the peptide probe
for tumor marker APN. Our work provides a new insight into the
establishment of effective and universal strategy for screening
peptide probes for different biological system.
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