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ABSTRACT: We demonstrate that a tripeptide hydrogelator,
Nap-FFG, can selectively self-assemble at the surface of
platelets, thus inhibiting ADP-, collagen-, thrombin- and
arachidonic acid (AA)-induced human platelet aggregations
with the IC50 values of 0.035 (41), 0.14 (162), 0.062 (68), and
0.13 mg/mL (148 μM), respectively. Other tripeptide
hydrogelators with chemical structures of Nap-FFX (X = A,
K, S, or E) could not or possessed less potencies to inhibit
platelet aggregations. We observed higher amounts of Nap-
FFG at the platelet surface by the techniques of LC-MS and
confocal microscopy. We also observed self-assembled nanofibers around the platelet incubated with the Nap-FFG by cryo-TEM.
The ζ potential of Nap-FFG treated platelets was a little bit more negative than that of untreated ones. The amount of Nap-FFG
at the surface of NIH 3T3 cells was much less than that of platelets. These observations suggested that Nap-FFG could
selectively self-assemble through unknown ligand−receptor interactions and form thin layers of hydrogels at the surface of
platelets, thus preventing the aggregation of them. This study not only broadened the application and opened up a new door for
biomedical applications of molecular hydrogels but also might provide a novel strategy to counteract infection diseases through
selective surface-induced hydrogelations at pathogens, such as bacteria and virus.

■ INTRODUCTION

Over the last two decades, molecular hydrogels1−4 have shown
big potential in applications of sensing,5−8 drug delivery,9−15

tissue engineering,16−20 etc. Recently, their applications in
biological fields attracted extensive research interests. For
example, Stupp and Schneider groups demonstrated that self-
assembled peptides could selectively form pores at the surface
of cancer cells, thus resulting in cancer cells death.21,22 Collier
and co-workers have shown that self-assembled peptides could
be used as immune adjuvants.23,24 Xu group has conducted an
assay to discover the interaction between proteins in the cell
lysate and nanofibers of molecular gelators.25 These successful
results stimulated research interests and efforts to investigate
the novel applications of molecular hydrogels in biological
fields. In this paper, we demonstrated that a tripeptide
hydrogelator, Nap-FFG, could selectively self-assemble at the
surface of platelets. This surface-induced self-assembly could
then inhibit human platelet aggregations induced by adenosine
diphosphate (ADP), collagen, thrombin, and arachidonic acid
(AA).

■ RESULTS AND DISCUSSION

Platelet Aggregation Inhibition Studies. We recently
observed that a hydrogelator, Nap-FFGRGD, could self-
assemble at the surface of fibril structures of polycarbolactone
(PCL) prepared by electron spinning.26,27 We observed that
suface-functionlized PCL could inhibit platelet adhesion. We

first thought that this inhibition was due to the presence of
RGD tripeptide because RGD-containing peptides and proteins
could inhibit platelet aggregation as they block the binding of
fibrinogen to αIIbβ3 integrin.

28,29 We then synthesized a control
peptide of Nap-FFG to check whether it could inhibit platelet
aggregation or not. Surprisingly, in an ADP-induced platelet
aggregation assay, Nap-FFG exhibited a similar IC50 value to
Nap-FFGRGD (0.035 and 0.039 mg/mL for Nap-FFG and
Nap-FFGRGD, respectively, Figure 1, top). The peptide of
FGRGD showed no inhibition effects on platelet aggregation.
These observations indicated that the inhibition effect of Nap-
FFGRGD was not due to the presence of RGD.
We then designed and synthesized other short peptides with

similar chemical structures to Nap-FFG and test their inhibition
ability to against platelet aggregation. The peptide of Nap-FF
showed no inhibition effects on platelet aggregation, indicating
the importance of terminal G residue. The self-assembled
peptides of FF and FFG also exhibited no inhibition effects,
suggesting that hydrogelation ability of Nap-FFG might be
important to the activity (FF and FFG could only form
precipitations of nanotubes or nanospheres in aqueous
solutions).30,31 We also altered the terminal G residue on
Nap-FFG to other amino acids of alanine (A), serine (S),
glutamic acid (E), and lysine (K). Nap-FFA possessed a slightly
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bigger IC50 value (0.073 mg/mL) than Nap-FFG. Peptides of
Nap-FFS, Nap-FFE, and Nap-FFK showed no inhibition effects
on the platelet aggregation. These results indicated that the
small side chains on G and A were crucial for the activity. The
enantiomer of Nap-FFG, Nap-DFDFG, showed a very similar
IC50 value (0.033 mg/mL) to Nap-FFG. Based on the above
information, we hypothesized that the hydrogelation ability and
terminal amino acid with small side chains of the peptides were
crucial for their activity against platelet aggregation.
To investigate the biological functions of Nap-FFG, we

focused on its effect on platelet aggregation using various
platelet aggregation agonists. Surprisingly, Nap-FFG inhibited
collagen-, thrombin-, and AA- as well as ADP-induced human
platelet aggregations. The IC50 of Nap-FFG for collagen-,
thrombin- and AA-induced platelet aggregation was 0.14 mg/
mL (162 μM), 0.062 mg/mL (68 μM), and 0.128 mg/mL (148
μM), respectively (Figure 1, down). There are some discoveries
of platelet receptors, such as the ADP receptor and the GP IIb/
IIIa complex.32 Many of the platelet receptors have been and
are being developed as targets for preventing clot formation.33

However, our results indicated that Nap-FFG was not targeting
a particular platelet receptor. Since there were no detectable
binding constants between Nap-FFG and the four platelet
aggregation agonists determined by isothermal titration
calorimetry (ITC, Figure S-13), the different IC50 values of
Nap-FFG were probably due to the different binding constants
of Nap-FFG to the receptors of the agonists.

Liquid Chromatography Mass Spectrometry (LC-MS).
In order to test the affinity of different peptides to the platelet,
we first incubated the platelet in solutions containing different
kinds of peptides for 5 min and then separated the platelet from
peptide solutions by centrifuge. The pellet was sonicated and
suspended in DMSO. The resulting solution was then used for
LC-MS analysis. As shown in Figure 2, more amounts of

peptides were observed from the pellet when higher
concentrations of peptides were used. Upon incubation with
solutions containing the same concentration of different
peptides, it was obviously observed that the amount of peptide
in the pellet followed the trend of Nap-FFG > Nap-FFA ≫
Nap-FFK/S/E, which was consistent to the trend of their
ability to inhibit platelet aggregation. Since the solubility of all
peptides in DMSO was higher than 100 mg/mL, the different
amounts of peptides in the separated platelets were due to their
different binding affinities to the platelets.

Self-Assembly Ability. In order to test whether the
selective platelet aggregation inhibiton ability and more amount
of Nap-FFG in pelletes were due to its different self-assembly
property to other short peptides, we studied the hydrogelation
ability of peptides and obtained their critical micelle
concentrations (CMC). The results in Figure 3 showed that
peptides of Nap-FFX except Nap-FFE could form hydrogels at

Figure 1. (top) Effects of different molecules on inhibition of platelet
aggregation. (down) Effects of NapFFG on inhibition of platelet
aggregation with various agonists (data were expressed as the mean ±
standard error of the mean (SEM, N = 3)).

Figure 2. Amount of peptides in the centrifuged pellets was confirmed
by LC-MS (data were expressed as the mean ± SEM (N = 3)).

Figure 3. Chemical structures of short peptides used in this study and
optical images of gels of peptides at the concentration of 1 wt %: (A)
Nap-FFG, (B) Nap-FFA, (C) Nap-FFS, and (E) Nap-FFK. Nap-FFE
cannot form gels at concentrations lower than 4 wt %, as shown in
(D).
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concentrations lower than 1 wt %. Nap-FFE could not form
gels at concentrations lower than 4.0 wt % in PBS buffer (pH
7.4). The minimun gelation concentration (MGC) of Nap-
FFG, Nap-FFA, Nap-FFS, and Nap-FFK was 0.3, 0.5, 0.08, and
0.2 wt %, respectively. The four gelators possessed similar
CMC values and were 0.025, 0.025, 0.050, and 0.084 mg/mL
for Nap-FFK, Nap-FFA, Nap-FFS, and Nap-FFG, respectively
(Figure S-14). The similar self-assembly property of Nap-FFG
to the other peptides, in combine with the result of more
amounts of Nap-FFG in centrifuged pellets, suggested that the
selective platelet aggregation inhibiton of Nap-FFG was due to
its selective binding to platelets.
Laser Scanning Confocal Microscopy. Thioflavin T has

been applied to stain self-assembled nanofibers of short
peptides.34 In order to test whether Nap-FFG could form
nanofibers at the surface of platelets or not, we incubated the
platelet in the solution containing Nap-FFG and Thioflavin T
and then obtained fluorescence images by confocal microscopy.
As shown in Figure 4A,D (fluorescence, fluorescence + bright

field, respectively), the platelets exhibited high intensities of
fluorescence around them in the presence of Nap-FFG.
Platelets incubated with the peptide of Nap-FFA also exhibited
weak fluorescence but existing as unevenly distributed dots
(Figure 4B,E). In the presence of Thioflavin T, the platelets
without peptides (Figure 4L) and with other peptides and Nap-
FFG solution without platelets (Figure 4I) showed no
fluorescence. These observations clearly indicated that Nap-
FFG could selectively self-assemble at the surface of platelets.
Cryo-Transmission Electron Microscopy (Cryo-TEM).

Cyro-TEM images could show original structures of self-

assembled nanofibers in aqueous solutions. Therefore, we
obtained cryo-TEM images of platelets incubated with/without
peptides (Figure 5). The images in Figure 5A,B clearly

indicated the presence of self-assembled nanofibers around
the platelet treated with Nap-FFG, as pointing out by the open
triangles. While in platelets treated with Nap-FFA, a smaller
amount of nanofibers could be observed around the platelets
(Figure 5C,D), and no fibers could be observed around
platelets without peptides (Figure 5E,F) and with other
peptides. These observations further demonstrated that Nap-
FFG could selectively self-assemble at the surface of platelets.

Selectivity of Binding to Platelets. In order to test the
selectivity of binding of Nap-FFG to platelets, we also
incubated NIH 3T3 cells with different concentrations of the
peptide (0.2, 0.1, and 0.035 mg/mL). In the centrifuged pellets
of 3T3 cells, the concentrations of Nap-FFG were lower than
0.4 mg/mL for samples treated with three concentrations of
Nap-FFG (0.2, 0.1, and 0.035 mg/mL, Figure S-15). Upon the
treatment with 0.035 mg/mL of Nap-FFGRGD, the concen-
tration of Nap-FFGRGD in centrifuged 3T3 cells was 1.76 mg/
mL, indicating that RGD peptide could promote the binding of
peptide to the cells through binding to the αIIbβ3 integrin. For
centrifuged platelets (Figure 2), these values were 4.5, 2.9, and
1.2 mg/mL for samples treated with 0.2, 0.1, and 0.035 mg/mL
of Nap-FFG, respectively. These differences suggested that

Figure 4. Fluorescence confocal microscopy images of platelets with
peptides of Nap-FFG (A,D), Nap-FFA (B,E), Nap-FFS (C,F), Nap-
FFE (G,J), and Nap-FFK (H,K) stained with Thioflavin T.
Fluorescence microscopy images of platelets with Thioflavin T (L)
and Nap-FFG solution with Thioflavin T (I). Scale bars, 5 μm. FL,
fluorescence. BF, bright field. Peptide concentration was 0.2 mg/mL.

Figure 5. Cryo-TEM images of platelets with 0.2 mg/mL of NapFFG
(A,B), NapFFA (C,D) and without peptides (E,F). Image of B, D, and
F corresponds to the squares in image A, C, and E, respectively. Red
arrows point out organelles of platelets, and triangles point out
nanofibers.
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platelets would selectively absorb Nap-FFG and induce its self-
assembly. While 3T3 cells could probably nonspecifically
absorb the peptide of Nap-FFG because there were no
differences in concentration of Nap-FFG in centrifuged 3T3
cells upon treated with different concentrations of the peptide.
Inhibition Mechanism. Based on the above information,

we proposed a possible inhibition mechanism. As shown in
Figure 6, Nap-FFG could selectively bind to the surface of

platelet through unknown ligand−receptor interactions, initiat-
ing the self-assembly of Nap-FFG and hydrogelation around
the surface of platelet. This surface-induced hydrogelation35

process might finished very rapidly (within one minute), as
demonstrating by the similar inhibition percentages at different
incubation times (1, 5, and 30 min, Figure S-16). The binding
of Nap-FFG to platelet was crucial to the surface-induced
hydrogelation because Nap-FFS/K with similar CMC values to
Nap-FFG could not bind to platelet and form hydrogels around
the platelet. Since the ζ potentials of all solutions of peptides
were negative (Figure S-17), the thin layer of hydrogel of Nap-
FFG around the platelet could make the ζ potential of treated
platelets more negative (Figure S-18), thus preventing the
aggregation of platelet by negative charge repulsion.

■ CONCLUSION
In summary, we have demonstrated that the tripeptide gelator
of Nap-FFG could selectively self-assemble and form a thin
layer of hydrogel at the surface of platelets, thus preventing the
human platelet aggregation induced by different kinds of
agonists. The binding of Nap-FFG to platelets was very tight,
and Nap-FFG could not be washed off from the surface of the
platelets even by washing 10 times with PBS or by washing 3
times with PBS containing 10 wt % of bovine serum albumin
(BSA), 1 wt % of FFG or 1 wt % of FG. This study broadens
the application of molecular hydrogelators in biological field. By
improving the selectivity of the binding of gelators, it also
provides a novel strategy to inhibit thrombus formation and
may counteract infection diseases through selective surface-
induced hydrogelation around the different kinds of pathogens,
such as bacteria and virus.

■ EXPERIMENTAL SECTION
Chemicals and Materials. Fmoc amino acids were obtained from

GL Biochem (Shanghai). All the other starting materials were obtained
from Alfa. Commercially available reagents and solvents were used
without further purification, unless noted otherwise. The synthesized
compounds were characterized by 1H NMR (Bruker ARX-300) using
DMSO-d6 as the solvent. HPLC was conducted at LUMTECH HPLC
(Germany) system using a C18 RP column with MeOH (0.05% of
TFA) and water (0.05% of TFA) as the eluents. LC-MS was
conducted at the LCMS-20AD (Shimadzu) system, HR-MS was
performed at the Agilent 6520 Q-TOF LC/MS using ESI-L low-
concentration tuning mix (lot no. LB60116 from the Agilent Tech.).

Peptide Synthesis. The peptide derivative was prepared by solid-
phase peptide synthesis (SPPS) using 2-chlorotrityl chloride resin and
the corresponding N-Fmoc-protected amino acids with side chains
properly protected by a tert-butyl group or Pbf group. During
deprotection of Fmoc group, 20% piperidine in anhydrous N,N′-
dimethylformamide (DMF) was used. Then the next Fmoc-protected
amino acid was coupled to the free amino group using O-
(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluroniumhexafluorophos-
phate (HBTU) as the coupling reagent. The growth of the peptide
chain was according to the established Fmoc SPPS protocol. After the
last coupling step, excessive reagents were removed by a single DMF
wash for 5 min (5 mL per gram of resin), followed by five steps of
washing using DCM for 2 min (5 mL per gram of resin). The peptide
derivative was cleaved using 95% of trifluoroacetic acid with 2.5% of
trimethylsilane (TMS) and 2.5% of H2O for 30 min. Twenty mL per
gram of resin of ice-cold diethylether was then added to cleavage
reagent. The resulting precipitate was centrifuged for 10 min at 4 °C at
10 000 rpm. Afterward the supernatant was decanted, and the resulting
solid was dissolved in DMSO for HPLC separation using MeOH and
H2O containing 0.1% of TFA as eluents.

Characterization of the Peptides. The assignment of 1H NMR
peaks was in the ESI.

Nap-FFG. 1H NMR (300 MHz, DMSO-d6): δ 8.50−8.05 (m, 3H,
N−H), 7.99−7.65 (m, 3H, Ar−H), 7.57 (s, 1H, Ar−H), 7.51−7.34
(m, 2H, Ar−H), 7.31−7.03 (m, 11H, Ar−H), 4.53 (m, 2H), 3.78 (d, J
= 5.8 Hz, 2H), 3.52 (dd, J = 28.0, 14.0 Hz, 2H), 3.10−2.92 (m, 2H,
−CH2Ph), 2.76 (ddd, J = 28.9, 13.7, 9.8 Hz, 2H, −CH2Ph). HR-MS:
calcd M+ = 537.2336, obsvd (M + H)+ = 538.2332.

Nap-FFA. 1H NMR (300 MHz, DMSO-d6): δ 8.52−8.06 (m, 3H,
N−H), 7.93−7.68 (m, 3H, Ar−H), 7.57 (s, 1H, Ar−H), 7.50−7.35
(m, 2H, Ar−H), 7.32−6.95 (m, 11H, Ar−H), 4.55 (m, 2H), 4.26−
4.14 (m), 3.52 (dd, J = 28.4, 14.0 Hz, 2H), 3.01 (dd, J = 26.1, 10.5 Hz,
2H, −CH2Ph), 2.85−2.65 (m, 2H, −CH2Ph), 1.29 (d, J = 7.2 Hz, 3H,
CH3−). HR-MS: calcd M+ = 551.2493, obsvd (M + H)+ = 552.2491.

Nap-FFS. 1H NMR (300 MHz, DMSO-d6): δ 8.38−8.08 (m, 3H,
N−H), 7.91−7.66 (m, 3H, Ar−H), 7.56 (s, 1H, Ar−H), 7.51−7.37
(m, 2H, Ar−H), 7.27−7.13 (m, 11H, Ar−H), 4.64 (dd, J = 10.5, 7.0
Hz, 1H), 4.50 (m, 1H), 4.30 (dd, J = 8.0, 4.4 Hz, 1H), 3.69 (ddd, J =
14.8, 10.8, 4.5 Hz, 2H, CH2OH), 3.60−3.46 (m, 2H), 3.02 (ddd, J =
17.1, 14.0, 3.8 Hz, 2H, −CH2Ph), 2.75 (ddd, J = 32.4, 13.7, 10.1 Hz,
2H, −CH2Ph). HR-MS: calcd M+ = 567.2442, obsvd (M + H)+ =
568.2439.

Nap-FFK. 1H NMR (300 MHz, DMSO-d6): δ 8.30 (d, J = 6.0 Hz,
2H, N−H), 8.15 (d, J = 9.0 Hz, 1H, N−H), 7.85−7.71 (m, 3H, Ar−
H), 7.56 (s, 1H, Ar−H), 7.51−7.40 (m, 2H, Ar−H), 7.34−7.06 (m,
11H, Ar−H), 4.54 (m, 2H), 4.20 (d, J = 4.6 Hz), 3.52 (dd, J = 30.4,
14.0 Hz, 2H), 3.09−2.92 (m, 2H, −CH2Ph), 2.76 (ddd, J = 31.0, 18.9,
11.4 Hz, 4H), 1.62 (ddd, J = 25.6, 22.1, 7.3 Hz, 4H, −CH2CH2−),
1.36 (m, 2H, −CH2−). HR-MS: calcd M+ = 608.3071, obsvd (M +
H)+ = 609.3064.

Nap-FFE. 1H NMR (300 MHz, DMSO-d6): δ 8.25 (m, 3H, N−H),
7.88−7.64 (m, 3H, Ar−H), 7.56 (s, 1H, Ar−H), 7.45 (m, 2H, Ar−H),
7.33−6.97 (m, 11H, Ar−H), 4.53 (m, 2H), 4.26 (m, 1H), 3.51 (dd, J =
29.9, 11.2 Hz, 2H), 3.09−2.92 (m, 2H,-CH2Ph), 2.85−2.65 (m, 2H,
−CH2Ph), 2.29 (d, J = 7.4 Hz, 2H, −CH2COOH), 2.00 (m, 1H), 1.82
(m, 1H). HR-MS: calcd M+ = 609.2548, obsvd (M + H)+ = 610.2542.

Figure 6. A possible mechanism of surface-induced hydrogelation of
Nap-FFG to inhibit platelet aggregation by negative charge repulsion.
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Hydrogel Formation. 1.0 mg of each peptide and equal molar of
sodium carbonate to the peptide were first suspended in PBS buffer
(pH = 7.4); the sodium carbonate was used to neutralize the terminal
carboxylic acid of peptides. The suspensions were then heated to 80
°C to form clear solutions. The gels would form after cooling back to
room temperature within 3 min.
CMC. CMC values of peptides in PBS buffer solutions were

determined by dynamic light scattering (DLS). Solutions containing
different concentration of peptides were tested, and the light scattering
intensity was recorded for each concentration analyzed. DLS was
performed on a laser light scattering spectrometer (BI-200SM)
equipped with a digital correlator (BI-9000AT) at 532 nm under
room temperature (22−25 °C).
Preparation of Platelet-Rich Plasma (PRP) for Platelet

Aggregation Inhibition Study. Briefly, fresh blood obtained from
healthy donors was centrifuged at 175g for 10 min at 22 °C, and PRP
was obtained. Fresh platelet preparations could be used for aggregation
studies for as long as 6−8 h. The concentration of fresh PRP was 107/
mL.
Platelet Aggregation Inhibition Studies. Aggregation was

measured at 37 °C by a turbidimetric method in a Chrono-Log
platelet aggregometer (Chrono-Log Corporation, Havertown, PA). A
450 μL aliquot of PRP was stirred at 1100 rpm and activated by
addition of different agonists (10 μM of ADP, 2 μg/mL of collagen,
0.5 mM of arachidonic acid, or 1 U/mL of thrombin), in the presence
or absence of peptides, in a final volume of 500 μL with different
incubation times (1, 5, and 30 min). The extent of aggregation was
estimated quantitatively by measuring the maximum curve height
above baseline level. The sample of the suspending medium without
any platelets (PPP) was present to serve as a 100% aggregation
standard. Concentrations of peptides ranged from 0.01 to 0.2 mg/mL.
PRP sample with PBS was used as control to calculate relative
magnitude. When thrombin was used, to inhibit fibrin polymerization,
5 μL of 2.0 mmol/L (final concentration) of the peptide glycyl-L-
prolyl-L-arginyl-L-prolin (GPRP) was added.
Commercially Available Platelet Concentrate (PRP) from

Tianjin Blood Bank. The platelet concentrate was used within its
validity period (24 h). The concentration of platelets in platelet
concentrate was 108/mL. This PRP was used in the experiments that
follow.
Preparation of Platelet-Poor Plasma (PPP) from Commercial

Available PRP. The PRP was centrifuged at 1570g for 10 min at 22 °C
to acquire PPP.
Determination of Peptide Concentration in Centrifuged Pellet of

Platelets by LC-MS. Solutions containing different concentrations of
peptides were prepared in PBS with equal molar of sodium carbonate.
To 450 μL PRP, 50 μL of peptide solution was added and then
incubated at 37 °C for 5 min (final peptide concentrations were 0.035,
0.1, and 0.2 mg/mL). After being centrifuged at 1570g for 10 min, the
precipitate was washed 3 times by PBS and then dissolved into 200 μL
of DMSO by sonication. The amount of peptides in the platelet
precipitate was characterized by LC-MS.
Laser Scanning Confocal Microscopy. The solutions containing

100 mg/mL of Nap-FFG and other peptides were prepared in DMSO
and diluted to 2 mg/mL by PBS with equal molar of sodium
carbonate. Thioflavin T was added into different peptide solution with
100 μM of the final concentration. The platelets without peptides and
peptide solutions without platelets were also stained with equal
Thioflavin T as negative controls. 450 μL PRP with or without 50 μL
peptide solutions was then incubated at 37 °C for 5 min. After
centrifuged at 1570g for 10 min, the solution was washed 3 times by
PBS, and resulting platelets were collected into 500 μL PBS. The
distribution of different peptides with platelets was observed under
laser scanning confocal microscopy (CLSM, Leica TCS SP5).
Cryo-TEM. Cryo-TEM samples (PRP with 0.2 mg/mL Nap-FFG

and NapFFA) were prepared at 22 °C and stored at 4 °C. A
micropipet was used to load 5 mL sample solution onto a lacey
support TEM grid, which was held by tweezers. The excess solution
was blotted with a piece of filter paper, resulting in the formation of
thin films suspended the mesh holes. After waiting for about 10 s to

relax any stresses induced during the blotting, the samples were
quickly plunged into a reservoir of liquid ethane at its melting
temperature (−183 °C). The vitrified samples were then stored in
liquid nitrogen until they were transferred to a cryogenic sample
holder (Gatan 626) and examined with a JEM 2200FS TEM (200
keV) at about −174 °C. The phase contrast was enhanced by under
focus. The images were recorded on a Gatan multiscan CCD and
processed with Digital Micrographs. TEM was performed on a
MODEL H-800 electron microscope operating at an acceleration
voltage of 100 kV.

ITC. ITC measurements were performed using a VP-ITC
microcalorimeter (MicroCal) in PBS (pH 7.4) at 20 °C. Nap-FFG
and four coagulants were dissolved in PBS and adjusted to pH 7.4,
then used directly in experiments. To measure the binding constants
of thrombin, ADP, AA, and collagen with Nap-FFG, 20 injections of
peptide (0.5 mM) into the calorimeter cell, which was completely
filled with coagulants solution (1468.5 μL; 0.05 mM), were collected
at 180 s intervals while being stirred at 307 rpm. The titration data and
binding plot were analyzed using MicroCal Origin software.

ζ Potential. The ζ potential of peptide solutions in PBS or in PRP
at 0.2 mg/mL concentration was measured using a BI-90 plus
Zetasizer. The measurements were performed automatically using an
aqueous dip cell. To prepare the samples of peptide in PRP, the
DMSO solution containing 100 mg/mL of peptide was first diluted to
2 mg/mL by PBS with equal molar of sodium carbonate. The solution
was then diluted with PRP to make the final peptide concentration to
be 0.2 mg/mL.

Determination of Peptide Concentration in Centrifuged
Pellet of 3T3 Cells by LC-MS. Solutions containing different
concentrations of peptides were prepared in PBS with equal molar of
sodium carbonate. To 450 μL Dulbecco’s modified Eagle’s medium
(DMEM) with 10% of FBS containing 3T3 cell (106 cells/mL), 50 μL
of peptide solution was added and then incubated at 37 °C for 5 min
(final peptide concentrations were 0.035, 0.1, and 0.2 mg/mL). After
being centrifuged at 1570g for 10 min, the precipitate was washed 3
times by PBS and then dissolved into 200 μL of DMSO by sonication.
The amount of peptides in the 3T3 cells precipitate was characterized
by LC-MS.
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