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Abstract

Peptides can be used as reagents in enzyme-linked immunosorbent assays (ELISA), in which the
sample is immobilized on a solid support, usually a polystyrene plate. Polystyrene-binding peptides allow
site-specific immobilization of proteins or antibodies directly onto polystyrene (PS) plates with minimal
conformational change. Additionally, micro- and nanoplastics pose a significant threat to all life forms in
the environment, and the development of biosensors for their detection is considered a pressing need in the
field. PS is also used as a support in solid-phase peptide synthesis. In this brief report, we analyzed 3505
marine-derived peptides using machine-learning algorithms to introduce novel and putative PS-binding
peptides. Seven strong candidates, mainly derived from Conus species, were the most optimal PS-binders.
PS-binder peptides were cationic or cationic amphipathic, composed of helical structures. n-n stacking,
hydrophobic, and electrostatic interactions were involved in the attachment of peptides to plastics. Some
PS-binding peptides were identified to be active against pathogenic bacteria, making them promising can-
didates as biomaterials to prevent medical device-related infections. Taken together, the novel identified
peptides are suggested as a capturing reagent on PS surfaces for biomedical applications.
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1. Introduction issues associated with nanoplastic sampling

Microplastics, fragmented from ev-
eryday human waste, have been recognized
as a serious threat to biological systems and
the global environment (1-3). The most harm-
ful microplastics are typically smaller than
one millimeter in size and have the potential
to bind toxic substances that are likely to be
mistaken for food by marine animals. Further-
more, nano-sized microplastics or nanoplas-
tics have been reported to pose a significant
risk to human health (4,5). In addition to the
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methods, there are also other problems with
nanoplastic and microplastic detection sys-
tems using fluorescent staining or Raman
spectroscopy (6,7). Surface/polymer-binding
peptides (SBPs) can efficiently functionalize
polymer surfaces offering numerous applica-
tions, including the oriented immobilization
of catalytic enzymes, antigens, and bioactive
peptides. SBPs are applicable in biosensors.
Reports describe screening for oligopeptides
that can selectively bind to the surfaces of
microplastics, such as polystyrene, polyeth-
ylene, and polypropylene (8-10). Polystyrene
(PS) has long been used as a support for solid-
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Figure 1. A schematic representation of a polystyrene-plate surface and its interaction with a polystyrene-

binding peptide.

phase peptide synthesis (SPPS) (11). PS has
been used exclusively as a solid surface for
protein immobilization in enzyme-linked im-
munosorbent assay (ELISA) and animal cell
culture. Chemical conjugation of PS-binding
peptides with target proteins such as enzymes,
antibodies, and streptavidin allows for efficient
immobilization of target proteins while main-
taining higher biological activity than physi-
cally adsorbed proteins (Figure 1). In this brief
report, we introduce novel PS-binding tags
derived from a library of marine-derived pep-
tides applicable to biomaterials. Antimicrobial
characteristics of the identified PS-binding
peptides against selected Gram-positive and
Gram-negative pathogenic bacteria are also
investigated.

2. Materials and Methods

To introduce putative PS-binding pep-
tides, 3505 available bioactive peptides from a
library of 82 marine species in our previously
published investigation have been screened
(12). In this study, PS-binding peptides were
identified using the PSBinder tool, consider-
ing the SVM algorithm, which is available
on the SAROTUP program (13) (Accessed
October 2025). This program has a sensitiv-
ity, specificity, accuracy, and the Matthews
correlation coefficient (MCC) of 88.46%,
85.58%, 87.02%, and 0.74, respectively.
PS19-1 (RAFIASRRIRRP), reported by Ku-
mada et al., was used as an experimentally
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validated positive control. It binds antibodies
to a PS fixed plate (14). Conformational and
modeling analyses were conducted using the
i-TASSER program (15). The helical wheel of
amphipathic peptides was analyzed by the He-
liQuest program (16). Strain-specific antimi-
crobial characteristic of PS-binding peptides
against bacterial species, including Esche-
richia coli ATCC 25922, Pseudomonas aeru-
ginosa ATCC 27853, Klebsiella pneumoniae,
and Staphylococcus aureus ATCC 25923 was
predicted using the DBAASP tool based on
ML approaches (17). Annotation of peptides
is composed of two sections, which show the
peptide length followed by its annotated num-
ber in the library. For example, PEP10-963 is
a 10-mer PS-binding peptide.

3. Results and Discussion

The development of methods for im-
mobilizing proteins on surfaces is important
for the construction of high-throughput pro-
tein-based bioassay systems, such as antibody
microarrays and micrototal analysis systems.
Several immobilization methods have been
developed that enable proteins to be attached
to various solid supports while maintain-
ing their maximum biological functionality
(18). In conventional physical adsorption and
chemical coupling methods, protein molecules
are often immobilized on the surface in an un-
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Table 1. Polystyrene-binding peptides from marine sources, their secondary structure, and physiochemi-
cal properties. C-score: confidence score; TM-score: template modeling score.

ID Seq Structure  C-score
PEP10-963 ~ KNFWKRNLYL  CCCCHH- -0.06
HCCC
PEP10- KRLANLYLKA CCCHHHH- 0.09
1679 HCC
PEP10- RLANLYLKAR ~ CCCHHHH-  -0.50
1680 HCC
PEP10-962  LKNFWKRNLY  CCCHHH- 0.21
HCCC
PEP15-101 WCFSTRVVLKM- CCCCCCH- -0.76
KQRA HHHHHCCC
PEP15-539 RRSLKNFWKRN- CCCCHHH-  -0.71
LYLR HHHHHCCC
PEP15-560 RRSLKDFWKRH- CCCCHHH-  —0.15
FYLR HHHHHCCC

TM- Helix Coil  Charge pl Species
score (%) (%)
0.71£0.12 30 70 3 10.30 Conus betu-
linus
0.73+0.11 50 50 3 10.30 Conus pen-
naceus
0.65+0.13 50 50 3 11.01 Conus pen-
naceus
0.74+0.11 40 60 3 10.30 Conus betu-
linus
0.62+0.14 40 60 4 11.02 Synanceia
verrucosa
0.62+0.14 53.33 46.67 6 12.02 Conus betu-
linus
0.69+0.12 53.33 46.67 5.5 11.57 Conus betu-
linus

favorable orientation and are likely to be de-
natured during the immobilization process. In
contrast, site-specific immobilization methods
that use affinity peptides for binding appear to
effectively preserve biological activity and al-
low control over the orientation of adsorbed
protein molecules (14).

To identify peptides that bind to poly-
styrene surfaces, we screened 3505 marine-
derived bioactive peptides using the PSBinder
program. At a threshold of 0.5, a total of 47
peptides were identified as PS-binders. How-
ever, only seven peptides with scores higher

than 0.9 were submitted for further analysis
(Table 1). PS19-1, as the positive control, dis-
played a score of 0.81. All seven peptides were
cationic, with pl values in the range of 10-12.
Structurally, all peptides showed a mixture
of coil and helical conformations. I-TASSER
reliability metrics, such as confidence score
(C-score) and template modeling score (TM-
score), were in the acceptable range. The C-
score (ranging from —5 to +2) quantifies the
overall confidence of the predicted model
based on threading quality and structural con-
vergence. Higher values indicate more reliable
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Figure 2. Helical conformation and helical wheel representation of amphipathic peptides A) PEP10-963
and B) PEP10-1617. The red dotted line delineates the spatial segregation between the cationic face of
the peptide, composed of K and R residue blue circles, and the hydrophobic face, comprising L, W, and

F yellow residues.
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predictions. The estimated TM-score (0-1)
evaluates how closely the predicted fold is ex-
pected to match the true native structure, with
scores above 0.5 suggesting a correct global
topology (Table 1).

Some peptides, such as PEP10-963
and PEP10-1679, displayed secondary am-
phipathic structure according to the segrega-
tion of the cationic and hydrophobic faces
(Figure 2). The presence of Trp, Phe, and Tyr
residues in PEP10-962, PEP10-963, PEP15-
539, and PEP15-560, which harbor aromatic
rings, is responsible for forming n-r stacking
interactions with the polystyrene benzene ring
(19). The side chain of hydrophobic residues,
such as Val and Leu, forms strong hydropho-
bic interactions with polystyrene. Charged
basic residues such as Arg, Lys, and His, as
well as Asp, an acidic amino acid residue, can
be observed in PS-binding peptides. Charged
residues, Asn and Gln, can be ionized at acidic
and basic pH environments and bind to the
polymer through electrostatic interactions
(19). Therefore, the novel identified peptides
are suggested for immobilization of catalytic
enzymes, antigens, and antibodies in an aque-
ous environment.

Polystyrene has been the standard sub-
strate for adherent mammalian cell culture for
decades because of its optical clarity and ame-
nability to surface treatment (20). Medical-

grade PS is a valuable biomaterial to prevent
bacterial colonization and medical device-re-
lated infections (21). While E. coli, P. aerugi-
nosa, and K. pneumoniae are Gram-negative
rod bacteria that cause device-associated and
hospital-acquired infections, S. aureus is a
Gram-positive coccus, a principal cause of
surgical-site and implant infections. The Data-
base of Antimicrobial Activity and Structure of
Peptides (DBAASP) was used to introduce bi-
functional peptides with both PS-binding and
antimicrobial characteristics (Table 2). Except
for PEP10-962 and PEP10-1680, other candi-
dates were active against both Gram-positive
and Gram-negative bacteria. Longer peptides
(15-mer) showed broader-spectrum activity
than shorter decapeptides, as evidenced by the
predicted MIC values lower than 25 pg/ml.
Peptide labelling, adsorption and ki-
netic analysis, antimicrobial assays, and cy-
tocompatibility testing can be proposed to
experimentally validate the in silico results.
Peptides should be labelled with FITC using
established dye-coupling protocols to enable
fluorescence adsorption assays (22). Polysty-
rene binding and real-time interaction kinet-
ics can then be quantified by quartz crystal
microbalance with dissipation (QCM-D) or
surface plasmon resonance (SPR) spectros-
copy. Surface chemistry can be confirmed
by X-ray photoelectron spectroscopy (XPS)
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Figure 3. The most significant interactions between polystyrene (PS) and PEP10-962. A) Schematic
representation of n—m interactions between the indole ring of tryptophan (Trp) and the aromatic ring of
polystyrene B) Schematic depiction of hydrophobic interactions between the leucine (Leu) side chain
within the peptide LKNFWKRNLY and the polystyrene surface. On the right, the leucine residue is
shown in the context of the peptide backbone, highlighting its isobutyl side chain. A dashed line indi-
cates the proposed hydrophobic interaction between the nonpolar leucine side chain and the hydrophobic

polystyrene surface.
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Table 2. Strain-specific antimicrobial potency of polystyrene-binding peptides. Active peptides are de-

fined as having an MIC<25 pg/ml.

__________________________ D B CONBgeruginosa K pneumonide | .S QUICUS .
PEP10-963 X \ \ \
PEP10-1679 X X \ \
PEP10-1680 X X X X
PEP10-962 X X X X
PEP15-101 \ \ X \
PEP15-539 \ X X \
PEP15-560 \ X X \

and contact-angle analysis will be verified
for immobilization (23). Antimicrobial activ-
ity of peptides can be determined by standard
broth microdilution and time-kill assays, such
as MIC and MBC. The surface activity can
be defined by direct CFU-recovery assays or
staining with confocal laser scanning micros-

copy (24).

4. Conclusion

Developing machine-learning and
deep-learning algorithms is now a prerequi-
site for high-throughput analysis, facilitating
efficient wet-lab studies. This report intro-
duced seven highly potent polystyrene-bind-
ing peptides that predominantly exhibit helical
and cationic structural features. PEP15-101
(WCFSTRVVLKMKQRA), which, besides
PS-binding capacity, shows putative antimi-
crobial potency against resistant pathogenic
species, such as E. coli, P. aeruginosa, and S.
aureus, is recommended as an optimal candi-
date to formulate biomaterials used in medical
devices. Peptide labelling, adsorption analy-

sis, and antimicrobial assays are required for
experimental validation of predictions.
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