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Abstract
Body Protection Compound-157 (BPC-157) is a synthetic pentadecapeptide derived from

human gastric juice with regenerative and cytoprotective effects reported across diverse tissues.
Despite extensive preclinical study, the precise molecular mechanism underlying BPC-157's
pleiotropic pro-repair effects remains incompletely understood. A key unresolved question is
whether BPC-157 acts through extracellular receptor engagement, via intracellular interactions,
or through a combination of both. Drawing on preclinical literature, structural modeling, and in
silico docking, | propose that BPC-157 adopts a polyproline Il helix that engages the Src
homology 3 (SH3) domains of Src family kinases (SFKs; c-Src, Yes, Fyn). This interaction
relieves SH3 domain-mediated autoinhibition of SFKs, resulting in focal adhesion kinase
(FAK)-extracellular signal-regulated kinase (ERK) and phosphoinositide 3-kinase (PI3K)-protein
kinase B (Akt) signaling cascades. To enable future experimental validation, a custom
baculovirus encoding an engineered mCherry-BPC157, fusion protein was generated and used
to transduce Spodoptera frugiperda (Sf9) cells. Expression of mCherry-BPC157, was validated
by fluorescent imaging and confirmed by western blot at the expected molecular weight (~31
kDa). Collectively, this work proposes a novel structural and functional mechanism for BPC-157,
provides in silico docking support, and introduces a molecular tool to probe the BPC-157

interactome.



1.0

Introduction

1.1
BPC-157 Pro-Repair Signaling: Biological Effects and Mechanistic Insights

Body Protection Compound-157 (BPC-157) is a synthetic 15-amino-acid peptide
(sequence: Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val), originally derived
from a protein fragment found in human gastric juice [1]. Over the past three decades,
preclinical research has demonstrated its regenerative and cytoprotective effects across diverse
tissues [2,3]. Despite these promising findings, BPC-157 remains investigational, with regulatory

concerns stemming from limited pharmacokinetic data and issues related to peptide purity.

At the cellular level, BPC-157 activates two primary signaling cascades: the focal
adhesion kinase (FAK)—extracellular signal-regulated kinase (ERK) pathway and the
phosphoinositide 3-kinase (PI3K)—protein kinase B (Akt) pathway [2—10]. Both pathways are
initiated by Src family kinases (SFKs), with c-Src, Fyn, and Yes among the most widely
expressed [17—-13]. Pharmacological inhibition of SFKs abolished BPC-157—induced
angiogenesis in vitro, underscoring their mechanistic relevance [5]. Likewise, ERK inhibition
blocked BPC-157—driven migration, proliferation, and tube formation in endothelial cells [8]. In
addition, Dynasore, an inhibitor of dynamin-dependent endocytosis, prevented
BPC-157-induced angiogenesis by impairing vascular endothelial growth factor receptor 2

(VEGFR2) internalization and downstream signaling [4].

In vitro, BPC-157 is active at nanomolar to micromolar concentrations, initiating
SFK-FAK-ERK and Src—PI3K—Akt signaling across multiple cell types. In tendon fibroblasts,
100 nM-1 pM enhanced migration and stress resistance, with maximal FAK/paxillin
phosphorylation observed at 1 uM [6]. In endothelial cells, 500 nM—1 uM promoted
Src-dependent endothelial nitric oxide synthase (eNOS) phosphorylation and nitric oxide (NO)
production [5]. In myoblasts, 70 nM—1.4 uM increased spreading and paxillin phosphorylation
[10]. In fibroblasts, co-treatment with growth hormone (GH) upregulated GH receptor expression

and proliferative signaling beginning at 100 nM [7].

Collectively, in vitro studies demonstrate that BPC-157 promotes migration, collagen

deposition, angiogenesis, and survival under stress through ERK and Akt signaling



(Supplementary Table S1) [2-10]. In vivo, these mechanisms translate into accelerated repair of
tendon, muscle, skin, gastrointestinal mucosa, brain, and spinal cord, with consistent hallmarks
including nitric oxide synthase (NOS) activation, enhanced angiogenesis, resolution of

inflammation, and rapid wound closure (Supplementary Table S2) [2—3,14—19].

Notably, ERK signaling in response to BPC-157 treatment appears to be
context-dependent. While ERK activity supports tissue repair, excessive or unregulated ERK
signaling is a well-established oncogenic driver [20]. Skiret et al. [21] reported that BPC-157
suppressed ERK phosphorylation and inhibited tumor growth in melanoma cells, in contrast to
its stimulatory effects on ERK and proliferation in regenerative models. How BPC-157
differentially modulates ERK activity, activating in regenerative contexts while suppressing ERK

signaling in a melanoma model, remains to be determined.

At the transcriptional level, BPC-157 orchestrates coordinated gene expression
programs downstream of SFK—FAK—ERK and Src-PI3K—Akt signaling. In rat skin wounds,
BPC-157 upregulated repair-associated genes including Akt1 (Akt), Braf, Egfr, Egr1, Grb2,
Hdac7, Kras, Mapk1/3 (ERK-2/1), Mapk14, Nos3, Pik3cd (PI3K), Ptk2 (FAK), Pxn (paxillin), Src,
Srf, and Vegfa [9]. In hippocampal ischemia, BPC-157 increased Akt1, Egr1, Foxo, Nos1/3, Src,
Srf, and Vegfr2 while suppressing Nos2 and Nfkb1, correlating with improved neurological
outcomes [16]. In spinal cord injury, BPC-157 rapidly induced Nos1/2/3 and Ptgs2 (COX-2),
reducing edema and hematoma [717]. Collectively, these transcriptional profiles implicate both
the VEGF-Akt—hypoxia-inducible factor 1a (HIF-1a) pathway and FAK-ERK signaling. HIF-1a
promotes pro-angiogenic transcriptional programs (Vegfa, Ptgs2, Nos isoforms) [256—27], while
activated ERK drives immediate-early gene expression (Fos, Jun, Egr1, Srf) [27]. Thus, the
FAK-ERK and PI3K—Akt axes connect extracellular cues to pro-repair gene expression
programs, supporting cell survival, proliferation, migration, and angiogenesis — mechanistic
effects consistent with those observed following BPC-157 treatment [9,16,17,22-27].

Despite these mechanistic insights, the receptor(s) and direct binding partners of
BPC-157 remain unidentified. To address this gap, a structural model was developed to guide
screening for receptor domains associated with its known cellular effectors. In parallel, a novel
fluorescent fusion protein, mCherry—BPC157., was engineered and validated, providing a

versatile tool for future functional assays aimed at mapping the BPC-157 interactome.



1.2

Src Family Kinase Structure, Expression Patterns and Functional Roles

SFKs are non-receptor tyrosine kinases that integrate extracellular and intracellular
signals to promote proliferation, migration, angiogenesis, and tissue repair through two
converging cascades: FAK—ERK and PI3K—Akt [171-13,22—24]. ERK activation drives
keratinocyte migration and fibroblast activation, with fibroblasts remodeling the extracellular
matrix via increased matrix metalloproteinase activity and collagen secretion, thereby initiating
wound healing [23,24]. In peripheral nerves and related tissues, ERK signaling further supports
axon outgrowth, anti-apoptotic survival, and epigenetic reprogramming during regeneration [28].
Importantly, c-Src overexpression accelerates wound closure via ERK-dependent mechanisms,

whereas inhibition of either c-Src or ERK impairs tissue healing and cell proliferation [29,30].

In parallel, SFKs, predominantly c-Src, initiate the Src—PI3K—Akt cascade, a critical
pathway governing cytoprotection and tissue regeneration [23,24,37-33]. Upon activation, c-Src
phosphorylates scaffold and adaptor proteins, enabling PI3K recruitment and activation at the
plasma membrane. PI3K then catalyzes the conversion of phosphatidylinositol 4,5-bisphosphate
(PIP2) into phosphatidylinositol 3,4,5-trisphosphate (PIP3), a lipid second messenger that
recruits Akt to the membrane [34—38]. Akt is subsequently phosphorylated by upstream kinases,
including c-Src, and in turn phosphorylates diverse downstream effectors that collectively
enhance cell survival, proliferation, and angiogenesis [34—-38]. A pivotal Akt substrate is eNOS,
whose phosphorylation stimulates nitric oxide NO production, promoting vasodilation, increased

blood flow, and improved oxygen and nutrient delivery to regenerating tissues [25,36-39].

c-Src is broadly expressed in epithelial cells, fibroblasts, and endothelial cells, where it
coordinates adhesion dynamics, motility, and growth factor responses; its dysregulation is tightly
linked to tumor progression [171—13,40]. Fyn, while also widely distributed, is strongly enriched in
the central nervous system (CNS), where it governs neuronal differentiation, synaptic plasticity,
and myelination. Beyond the CNS, Fyn contributes to integrin-dependent signaling in fibroblasts
and mast cells, driving cytoskeletal remodeling and motility [13,47]. Yes, similarly ubiquitous,
exerts specialized vascular functions by modulating endothelial junctional stability and barrier
integrity through VE-cadherin phosphorylation and endocytosis, thereby shaping vascular
remodeling [13,42]. In contrast, lineage-restricted SFK members such as Hck are confined to
hematopoietic cells, including monocytes, macrophages, and neutrophils, where Hck mediates

proliferation and immune-specific signaling [17,43].



SFKs exhibit a conserved modular architecture consisting of an N-terminal SH4 domain,
an intrinsically disordered region, tandem SH3 and SH2 domains, and a C-terminal kinase
domain [11-13,44,45]. This arrangement supports regulation through both intramolecular and
membrane-associated interactions. For instance, caveolin-1 (Cav-1) sequesters SFKs at the
plasma membrane in their inactive state, positioning them adjacent to Cav-1-bound eNOS
[46,47]. This arrangement enables rapid NO production once activated SFKs phosphorylate
eNOS directly [48-50].

Activation by SH2 or SH3 domain ligands enables SFKs to phosphorylate FAK, forming
SFK-FAK complexes at integrin-rich adhesion sites [22]. FAK autophosphorylation generates a
high-affinity docking site for the SFK SH2 domain, reinforcing kinase recruitment and promoting
adaptor protein phosphorylation, which initiates the ERK signaling cascade [23,24]. SFK
activation can precede FAK phosphorylation as seen in growth factor receptor—driven contexts,
whereas in adhesion-driven signaling, phosphorylated FAK often recruits and activates SFKs,

highlighting bidirectional regulation [11,22,24].

Beyond receptor-coupled signaling, SFKs also mediate ligand-independent receptor
transactivation. For example, SFKs phosphorylate epidermal growth factor receptor and human
epidermal growth factor receptor 2 cytoplasmic tails during extracellular matrix rigidity sensing, a
mechanotransduction pathway driven by SH3 domain—mediated SFK activation [561,59]. This
event promotes cell spreading, migration, and proliferation independent of external growth
factors. Similarly, VEGFR2 can undergo ligand-independent transactivation through
SFK-dependent phosphorylation [32,52].

In summary, SFKs serve as central regulators of cellular stress responses, integrin
activation, and growth factor signaling, shaping outcomes following tissue injury and stimulation.
Positive cross-talk between the SFK-FAK-ERK and Src—-PI3K—-Akt pathways act synergistically
to promote tissue protection, repair, and remodeling—mechanisms that parallel those observed
with BPC-157 treatment [2—10,14—19,23-25,28-30,37].



1.3
Src Family Kinase Autoinhibition, Regulation and SH3 Domain-Mediated

Activation by Proline-Rich Ligand

SFKs maintain autoinhibition through two intramolecular clamps: the SH2 domain binds
a phosphorylated tyrosine on the C-terminal tail, while the SH3 domain engages a polyproline Il
(PPII) helix formed within the SH2—kinase linker region, together constraining kinase activity
[13,563-56]. Activation occurs when proline-rich ligands—such as B-arrestin1, integrin 3
cytoplasmic tails, p130Cas, or viral proteins like HIV-1 Nef—bind the SH3 domain, displace the
intramolecular clamp, and induce an open, catalytically active kinase conformation [57-64]. In
FAK signaling, SFK SH3 domain binding to the p130Cas PPIl motif both anchors and activates
SFKs, enabling rapid multisite phosphorylation of p130Cas and other adaptor proteins, thereby
reinforcing FAK signaling [68,62]. Notably, p130Cas contains both PPII helix motifs and SH3

domains, positioning it as a significant central adapter in FAK-related pathways.

In the context of SH3 domain ligands, PR-39—a 39-residue proline-rich peptide originally
isolated from porcine intestine—provides a compelling precedent. A 15-amino acid N-terminal
fragment, PR-39(15) (RRRPRPPYLPRPRPP), was shown to associate with the plasma
membrane, penetrate endothelial cells, and selectively bind intracellular SH3 domain-containing
proteins [65]. Detailed characterization revealed that PR-39(15) engaged the SH3 domain of
p130Cas and altered its subcellular distribution in a state consistent with activation of
p130Cas-dependent pathways [65]. This example underscores how short proline-rich ligands
can be internalized and subsequently engage SH3 domains, thereby activating downstream

intracellular signaling cascades.

Activation of SFKs via their SH2 domains occurs when the intramolecular inhibitory
interaction between the SH2 domain and the phosphorylated C-terminal tail is displaced by an
external phosphotyrosine-containing ligand. Such ligands are commonly presented by activated
receptor cytoplasmic tails or integrins [17—13,24]. Importantly, the binding of a ligand to either
the SH2 or SH3 domain can partially or fully relieve autoinhibition, thereby inducing SFK
autophosphorylation at Tyr419 (in human c-Src) [63-55]. This autophosphorylation event further

stabilizes the active SFK conformation, supporting downstream signaling [53].

In addition to the intramolecular clamps, SFK activity is tightly regulated by C-terminal
Src kinase (Csk), a cytoplasmic tyrosine kinase that phosphorylates a conserved tyrosine

residue on the SFK C-terminal tail (Tyr530 in human c-Src) [66]. This phosphorylation event
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initiates the SH2—tail binding reaction, reinforcing the inactive, closed conformation. Csk activity
is initiated by recruitment to the plasma membrane via adaptor proteins, providing spatial and
temporal control of SFK inhibition [66]. One intriguing possibility is that BPC-157 could interfere
with Csk localization by competing for the Csk SH3 domain, thereby disrupting adaptor protein
interactions and reducing Csk-mediated phosphorylation of SFKs. However, direct cellular
evidence of SH3-mediated Csk inhibition is lacking, and in silico modeling suggests a weaker
association of BPC-157 with the Csk SH3 domain (data not shown).

In summary, SH3 domain ligands are capable of relieving SFK autoinhibition, with SH2
and SH3 domain ligands often acting cooperatively to potentiate SFK localization and activation
[65,56]. Within this mechanistic framework, BPC-157 may act as a proline-rich SH3 domain
ligand, competitively disrupting the autoinhibitory SH3-linker interaction to enhance membrane
targeting and trigger downstream signaling (Figure 1). Activated SFKs then initiate parallel
healing cascades, including FAK—-ERK and PI3K-Akt pathways, while also prompting NO
production from eNOS via SFK phosphorylation of the Cav-1-eNOS complex (Figure 2).
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Figure 1. Mechanism of Src family kinase activation by proline-rich ligand. (1) Autoinhibition: In the
inactive state, the SH3 domain binds the SH2—kinase linker, and the SH2 domain binds a C-terminal tail
phosphotyrosine residue, keeping Src family kinases (SFKs) autoinhibited. (2) Ligand Binding: A
proline-rich ligand binds to the SH3 domain, disrupting the autoinhibited conformation and allowing for
SH2 domain interaction with phosphotyrosines on partially activated receptors. (3) Membrane Activation:
Binding of the SH2 domain facilitates recruitment of SFKs to the membrane. Upon SH2 domain binding,
autophosphorylation within the activation loop fully activates SFKs, initiating downstream signaling
cascades via the focal adhesion kinase (FAK)—extracellular signal-regulated kinase (ERK) and the
phosphoinositide 3-kinase (PI3K)—protein kinase B (Akt) pathways. Abbreviations: Akt, protein kinase B;
ERK, extracellular signal-regulated kinase; FAK, focal adhesion kinase; PI3K, phosphoinositide 3-kinase;
SFK, Src family kinase; SH2/SH3, Src homology 2/3 domains.
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Figure 2. Proposed mechanism of BPC-157-induced Src activation and parallel healing pathways.
(A) BPC-157 is proposed to bind the SH3 domain of Src (Src family kinases; c-Src, Fyn, and Yes),
disrupting the autoinhibitory conformation and facilitating autophosphorylation of the catalytic domain.
Phosphorylated Src subsequently displaces the inhibitory caveolin-1—endothelial nitric oxide synthase
(eNOS) complex via direct phosphorylation of eNOS, leading to nitric oxide (NO) production. This model
is based on the findings reported by Hsieh et al. [5]. (B) Src activation by BPC-157 triggers focal adhesion
kinase (FAK) and protein kinase B (Akt) signaling pathways. FAK activation reinforces Src signaling via a
positive feedback loop and promotes extracellular signal-regulated kinase (ERK) activation. Activated
FAK can also initiate Akt signaling. Involvement of phosphoinositide 3-kinase is not shown. Arrows
indicate activation. Abbreviations: Akt, protein kinase B; ERK, extracellular signal-regulated kinase;
eNOS, endothelial nitric oxide synthase; FAK, focal adhesion kinase; NO, nitric oxide; SH3, Src homology

3 domain; Src, Src family kinase (c-Src, Fyn, and Yes).



1.4
Affinity Ranges for SH3 Domain—Mediated Src Family Kinase Autoinhibition

Binding of SH3 domains to proline-rich PPII ligands typically occurs with moderate
affinity, displaying dissociation constants (K;) in the low- to mid-micromolar range (~3—20 uM)
[65,566,67,68]. In SFKs, however, autoinhibition is preserved through a higher-affinity
intramolecular interaction between the SH3 domain and the PPII helix within the SH2—kinase
linker region. Biophysical measurements and structural modeling indicate that this SH3—linker
interaction exhibits K values in the nanomolar to low-micromolar range (~0.3—1 uM) [69—71].
Having a naturally stronger autoinhibitory interaction is essential for stabilizing the closed,
inactive state of SFKs, thereby preventing premature kinase activation and aberrant proliferative

signaling.

Several viral and cellular ligands can outcompete this autoinhibitory interaction through
high-affinity SH3 domain binding. As mentioned in Section 1.3, the HIV-1 accessory protein Nef
binds the Hck SH3 domain with submicromolar affinity (Kp ~0.14-0.44 uM) [69]. This binding
event displaces the intramolecular SH3—linker clamp and promotes kinase activation without
requiring SH2-tail release [60]. Nef also activates other SFKs through SH3 displacement, such
as c-Src, albeit with lower affinity (Ky ~5 uM) [63,64]. Similarly, integrin B3 cytoplasmic tails,
p130Cas PPII motifs, and synthetic peptides have been shown to engage SFK SH3 domains
with affinities in the low-micromolar range, sufficient to trigger FAK signaling and downstream
ERK activation [55,58,61,67]. For example, the synthetic peptide VSL12 (VSLARRPLPPLP)
binds c-Src, Fyn, Hck, and Lyn SH3 domains with low-micromolar to submicromolar affinity,
displaces the native SH3-linker clamp, and fully activates all four SFKs in vitro [55]. Notably,
even autophosphorylated c-Src and Hck remained susceptible to further activation by SH3
domain displacement, underscoring SH3 domain engagement as an independent and potent

regulatory axis for some SFK members [55,56].

Collectively, these findings demonstrate that SH3 domain ligands at sub-micromolar
concentrations can override intramolecular SFK autoinhibition, establishing a precedent for
proline-rich peptides to function as SH3 domain agonists and initiate SFK-dependent signaling

cascades.
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1.5

Molecular and Structural Basis of SH3 Domain Interactions

SH3 domains are compact protein modules of ~60 amino acids, commonly present in
adaptor proteins and signaling molecules [70]. They recognize proline-rich ligands that
traditionally adopt a PPII helix motif. Two canonical ligand classes are defined: Class |
(R/K—=x—x—P—x—x—P) and Class Il (P-x—x—P-x—R/K), where “x” denotes any amino acid. These
motifs bind the SH3 groove in opposite orientations, thereby contributing to both affinity and
specificity [70-74].

BPC-157 contains a lysine residue within its core PPIl motif (PPPGKP). This feature,
together with the peptide’s compact size, may permit recognition by SH3 domains that
accommodate either Class | or Class Il ligands. Such dual-class compatibility aligns with
proteome-wide screening data indicating that nearly half of SH3 domains can engage
noncanonical sequences [73]. Among Src family kinases, c-Src exemplifies this versatility,

binding ligands from both classes [75].

Structurally, SH3 domains adopt a conserved B-sandwich fold composed of five or six
B-strands arranged into two orthogonal, antiparallel B-sheets. This architecture stabilizes a
hydrophobic core and generates a ligand-binding surface defined by three flexible loops: RT,
n-Src, and distal [72]. Together, these loops form a groove that accommodates PPII helices
through interactions with aromatic SH3 domain residues such as tryptophan and tyrosine.
Binding specificity is further refined by charged residues flanking the ligand’s PxxP motif, which
engage the RT, n-Src, and distal loops to fine-tune recognition [70-75].

Consistent with this structural framework, Hou et al. [87] computationally demonstrated
that van der Waals (vdW) contacts provide the dominant energetic contribution to ligand affinity
within the Abl kinase SH3 domain. Specifically, hydrophobic residues located in the RT loop,
groove floor, and distal loop (analogous to Tyr0, Trp28, and Tyr46 SH3 domain residues) form a
tightly packed, non-bonded contact interface against the ligand’s PPII helix. In contrast,
hydrogen bonding and electrostatic forces were found to primarily orient the ligand rather than
drive binding affinity [87].
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1.6
Comparative Analysis of SH3 and Other Proline-Rich Ligand Binding Domains

The proposed affinity of BPC-157 for SH3 domains is consistent with the permissive
binding characteristics and broader sequence tolerance of this receptor module. In contrast,
other PPII-recognition domains, such as WW and Ena/VASP Homology 1 (EVH1), display more
stringent sequence requirements [76,77]. WW domains preferentially recognize proline- and
aromatic-rich motifs centered on PPxY consensus sequences, which are distinct from canonical
SH3-binding motifs [76]. EVH1 domains exhibit even greater specificity, binding FP4 motifs
(FPPPP) [77].

Collectively, structural and biochemical analyses indicate that the N-terminal PPII
segment of BPC-157 lacks the consensus motifs required for high-affinity binding to WW or

EVH1 domains, thereby reinforcing SH3 domains as the most plausible interaction partners.

2.0

Results

2.1
BPC-157 Structural Model

The N-terminal segment of BPC-157 (GEPPPGKP) is notably proline-rich, containing
50% proline residues, a composition that favors adoption of a PPII helical conformation. In silico
modeling supported this structural tendency (Figure 3), predicting a left-handed helix
conformation with approximately three residues per turn and characteristic backbone dihedral
angles (¢ =—75°, y = 150°) [74]. The predicted structural ensembles of the peptide displayed
minimal conformational variability, particularly within the proline-rich region (Supplementary

Image S1), indicating a stable and conserved PPII structure.
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Figure 3. Predicted three-dimensional structure of BPC-157. (Top panel) Predicted BPC-157 tertiary
structure indicating a polyproline Il helix conformation. (Bottom panel) Structure annotated with the
BPC-157 amino acid sequence GEPPPGKPADDAGLYV. Atom colors are carbon (grey), oxygen (red), and

nitrogen (blue).

2.2
SH3 Domain Binding Models

In silico docking revealed biologically plausible binding conformations wherein
BPC-157’s PPII helix was accommodated within the SH3 domain binding groove (Figure 4). To
initially validate the binding prediction workflow, a 15-residue peptide segment from the
SH2-linker region of full-length c-Src was similarly modeled and docked to the c-Src SH3
domain. Comparative analysis revealed this method accurately recapitulated the established
binding orientation and key residue contacts observed in full-length, autoinhibited c-Src
[64,55,75,78-80], lending support to the predicted BPC-157 binding models.

13



Figure 4. In silico docking of BPC-157 and c-Src SH2-linker peptide within SFK SH3 domain
binding grooves. (A) Predicted autoinhibited conformation of c-Src SH3 domain bound to SH2-linker
peptide. (B) Predicted BPC-157 binding to c-Src SH3 domain, oriented N- to C-terminus. (C) Predicted
BPC-157 binding to Yes SH3 domain, oriented C- to N-terminus. (D) Predicted BPC-157 binding to Fyn
SH3 domain, oriented N- to C-terminus. SH3 domains are shown as green ribbons, peptides in atom
colors (carbon, grey; oxygen, red; nitrogen, blue; sulfur, yellow). Interacting SH3 residues are depicted as
sticks. Dotted lines indicate predicted interactions: red, cation—1r; blue, TT—Tr stacking; green, hydrogen
bonds. PDB identifiers of SH3 domains analyzed: c-Src (1SRL), Yes (2HDA), Fyn (1NYF). Abbreviation:
SH3, Src homology 3 domain.
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23

Interaction Analysis

Docking orientation and interaction analysis revealed that the modeled SH2-linker
sequence engages the c-Src SH3 domain in a manner that recapitulates residue-contact
patterns observed in autoinhibited c-Src. Conserved SH3 domain analogues, including TyrO,
Tyr2, Asp9, Asp27, Trp28, and Pro43, were involved in the predicted binding interface
[54,55,57,74,75,78-80].

Binding models of BPC-157 with SFK SH3 domains demonstrated conserved contacts
within the canonical SH3 binding groove as well, notably Tyr0, Tyr2, Trp28, and Tyr46
analogues. Stabilizing polar interactions were observed with residues in the RT loop (Asp1,
Glu3, Arg5, Thr6, Asp9, Lys14) and the n-Src loop (Asn23, Glu25, Asp27), while Pro43 and
Asn45 in the distal loop contributed to the binding interface in select models. Collectively, the
RT, n-Src, and distal loops, together with the Trp28 analogue on the groove floor, have been
previously identified as key determinants of ligand specificity and affinity for SFK SH3 domains
[64,565,567,70-75,78-81]. Accordingly, the predictive binding models presented indicate that both
SH2-linker—c-Src SH3 domain and BPC-157-SFK SH3 domain interactions conform to

canonical SH3 domain binding modes (Table 1).
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Table 1. Comparative predicted contacts of BPC-157 and Src SH2-linker peptide to SFK SH3
domains. Conserved SH3 domain residues are listed under “Residue #,” with numbering referencing
groove-entry tyrosine (Tyr0). Each row denotes the analogous amino acid by residue number from
corresponding SH3 domain Protein Data Bank files. Amino acids listed are predicted to exhibit
non-bonded contacts with the peptide ligand. Total interaction contacts (TIC) represent the sum of all
non-bonded contacts. Interaction score (IS) was calculated using a heuristic weighting scheme:
non-bonded contacts were counted, with additional weights assigned for m—r stacking (+3), cation—1r
(+4), and hydrogen bonds (+5), reflecting relative energetic contributions reported in literature [84-86].
Additional interaction types are abbreviated as: -S, — stacking; m-C, cation—; HB, hydrogen bond.

An asterisk (*) indicates multiple interactions at that residue.

SH3 Domain SH2 BPC157-cSrc BPC157-Yes = BPC157-Fyn Structural
Residue # Linker-cSre (Fig 5-B) (Fig5-C) (Fig5-D) Location
(Fig 5-A)
Tyr0 Tyr14H8 Tyr14 Tyr100 Tyr91™s RT loop
Asp1 Asp15 Asp101 RT loop
Tyr2 Tyr16 Tyr16 Tyr102 Tyr93 RT loop
Glu3 Glu17 Glu103® RT loop
Arg5 Arg19 Arg105 "8 Arg96 RT loop
Thré Thr20 Thr20 RT loop
Asp9 Asp23 Asp23 Asp100 RT loop
Lys14 Lys28 Lys105™¢ RT loop
Asn23 Asn37 Asn37HE n-Src Loop
Glu25 Glu39 Glu125 n-Src Loop
Asp27 Asp4 182 Asp41HB Asp127 Asp118H n-Src Loop
Trp28 Trp42t® Trp42t® Trp128™S2 Trp119H8™2 Groove floor
Pro43 Pro57 Pro143 Pro134 Distal loop
Asn45 Asn59+8 Asn145 Distal loop
Tyr46 Tyr6QHems Tyr146H82 Tyr137 Distal loop
TIC 107 118 129 90
IS 132 141 160 112

16



24

Interaction Analysis Summary

Interaction analysis across SH3 domain regions, including the RT loop (TyrO—Lys14),
n-Src loop (Asn23—Asp27), groove floor (Trp28), and distal loop (Pro43—Tyr46), revealed
consistent patterns of peptide engagement across all models. To quantify these interactions, an
interaction score (IS) was derived using a heuristic weighting scheme: non-bonded contacts
were enumerated, with additional weights assigned for T—1 stacking (+3), cation—1r interactions
(+4), and hydrogen bonds (+5), reflecting their relative energetic contributions [84-86]. While not
expressed in kcal/mol, these scores provide a comparative framework for identifying potentially

relevant interactions.

Predicted binding of the SH2-linker to the c-Src SH3 domain showed strong engagement
across all key SH3 domain regions, forming hydrogen bonds with Tyr0, Trp28, Asn45, and a
double hydrogen bond with Asp27. Additional non-bonded contacts with the Tyr2, ThrG, Asp9,
Lys14, Asn37, and Pro57 analogues align with the known autoinhibited conformation of c-Src
[64,55,75,78-80].

Similarly, docking predictions for BPC-157 to the c-Src SH3 domain revealed extensive
interactions, particularly within the RT loop (Tyr0, Asp1, Tyr2, Glu3, Arg5, Thr6, Asp9), as well
as hydrogen bonds with Asn23, Asp27, Trp28, and Tyr46. Both BPC-157 and the SH2-linker
model shared hydrogen bonding with the Asp27 and Trp28 analogues, underscoring conserved
engagement at the groove floor and n-Src loop. Despite forming one fewer hydrogen bond
overall, BPC-157 achieved a higher interaction score, driven by its broader engagement across

RT loop residues.

In the BPC-157-Yes SH3 model, BPC-157 adopted a reversed C- to N-terminal
orientation relative to c-Src, yet maintained extensive RT loop engagement, including a double
hydrogen bond with Arg5. This complex contacted 60% of SH2-linker—c-Src residues and 75%
of BPC-157—c-Src residues. Double —1r stacking with Trp28 and hydrogen bonds with Glu3,

Arg5, and Tyr46 analogues contributed to the highest interaction score observed (160).

BPC-157 predicted interaction with the Fyn SH3 domain involved fewer contacts but
retained engagement with key functional regions. In the N- to C-terminal orientation, the model
formed a 17— stacking interaction with Tyr0, a cation—r interaction with Lys14, and hydrogen
bonds with Asp27 and Trp28. Additional non-bonded contacts included Tyr2, Arg5, Asp9, Pro43,

17



and Tyr46. Though the interaction score was lower (112), the distributed nature of contacts

supports a plausible binding mode.

In summary, modeled interactions between BPC-157 and SFK SH3 domains, as well as
SH2-linker binding to the c-Src SH3 domain, consistently engaged essential ligand recognition
residue analogues—Tyr0 and Tyr2 in the RT loop, Asp27 in the n-Src loop, and Trp28 at the
groove floor—supporting a shared recognition motif. Collectively, these comparative insights

support BPC-157’s potential to engage SH3 domains via biologically relevant binding modes.

25
mCherry—-BPC157. Validation

Validation of the mCherry—BPC157. fusion construct was assessed by fluorescent
imaging and immunoblotting. Spodoptera frugiperda (Sf9) cells displayed robust,
time-dependent mCherry fluorescence over 7 days post-baculovirus infection, confirming

successful expression of a fluorescent fusion protein.

Immunoblot analysis of lysates harvested 5 days post-infection revealed bands migrating
below the 39 kDa marker, consistent with the predicted molecular weights of mCherry—-BPC157.
(30.7 kDa processed; 33.1 kDa unprocessed with N-terminal melittin sequence). The strongest
signal was observed between ~31-34 kDa, accompanied by less concentrated bands
corresponding to truncated species at ~29 kDa (single-tail mCherry—BPC-157) and ~26.6 kDa
(mCherry domain). A weaker band at ~85 kDa was also detected, likely reflecting
oligomerization (Supplementary File S27). Collectively, these findings demonstrate robust
expression of full-length mCherry—BPC157., accompanied by processing intermediates and

truncated products (Figure 5).
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Figure 5. Validation of mCherry—BPC157. expression in Sf9 cells: fluorescence imaging, structural
prediction, and immunoblot analysis. (A) Time course of mCherry fluorescence in Sf9 cells following
baculovirus transduction. Brightfield and corresponding fluorescence images (530-550 nm Hg lamp
excitation) were captured at days 1, 2, 4, and 7 post-infection. Scale bar = 100 ym, consistent across all
panels. (B) Schematic representation of the mCherry—BPC157: fusion protein. (C) Predicted 3D structure
of mCherry—-BPC157. generated with AlphaFold3. (D) Immunoblot of transduced Sf9 cell lysates probed
with a polyclonal anti-mCherry antibody. Lane 2 shows a band cluster at ~31-34 kDa, consistent with the
predicted full-length fusion (30.7 kDa). Higher-migrating species correspond to ER-processing variants
retaining the N-terminal secretory sequence (33.1 kDa) and putative post-translationally modified forms.
Additional bands at ~29 kDa (single-tail mCherry—BPC157) and ~26.6 kDa (mCherry domain) indicate
truncated fragments. Prestained molecular weight markers (22, 27, 39 kDa) are shown in Lanes 1 and 3.
Abbreviation: Sf9, Spodoptera frugiperda cells.
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3.0

Discussion

Despite extensive preclinical studies supporting its regenerative capacity, the precise
molecular mechanisms underlying BPC-157’s pleiotropic pro-repair effects remain undefined. A
central unresolved question is whether BPC-157 acts through an extracellular receptor, via
direct intracellular interactions, or through a combination of both. The robust regenerative and
cytoprotective phenotypes observed across diverse cell types and tissues suggest the existence
of a conserved molecular interaction linking BPC-157 to canonical ERK and Akt signaling

cascades.

Here, an integrative approach combining computational modeling, in silico docking, and
interaction analysis supports a model in which the proposed PPII helix motif of BPC-157
engages the SH3 domains of SFKs, notably c-Src, Yes, and Fyn. Occupation of the SH3 domain
interaction surface by BPC-157 destabilizes the autoinhibitory SH3-linker clamp, increases SH2
domain sampling, and thereby primes SFKs for activation. Upon SH2 domain engagement with
phosphotyrosine motifs, primed SFKs undergo activation-loop autophosphorylation and initiate
FAK-ERK and PI3K—-Akt signaling. Notably, in some cellular contexts, SH3 domain engagement

alone is sufficient to fully activate SFKs [55-62].

Once activated, SFKs disrupt the inhibitory Cav-1-eNOS complex by phosphorylating
eNOS, resulting in NO production [46-49]. Simultaneously, activated SFKs initiate the FAK—-ERK
and PI3K-Akt signaling pathways to promote cell survival, proliferation, migration, and tissue
repair [11,12,23,24,30-33]. Activated Akt similarly phosphorylates eNOS, which results in
additional NO production [35], and SFK-driven ERK/Akt-mediated gene transcription programs
further support tissue regeneration [25-27]. Taken together, direct SFK activation by BPC-157
provides a coherent explanation for the broad cytoprotective, angiogenic, and reparative effects

observed across preclinical models (Supplementary Tables S1, S2) [2-10,14-19].

A strong precedent for this mechanism is provided by the HIV-1 accessory protein Nef,
which activates SFKs by engaging SH3 domains through a PPII helix motif [63,64]. Similarly,
integrin B3 cytoplasmic tails activate c-Src via SH3 domain binding [67]. Most relevant to the
present hypothesis, PR-39—a 39-amino acid proline-rich peptide originally isolated from
digestive tissues and structurally reminiscent of BPC-157—has demonstrated intracellular SH3

domain binding and angiogenesis effects in vivo [65,82]. As discussed in Section 1.3, a
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15-amino acid N-terminal fragment of PR-39 was shown to interact with the plasma membrane,
enter endothelial cells via non-specific endocytosis, and bind to intracellular SH3
domain-containing proteins [65]. Notably, Li et al. [82] demonstrated that PR-39 stabilizes
HIF-1a by inhibiting proteasomal degradation, leading to sustained VEGF expression and robust
angiogenesis in vitro and in vivo. Taken together, these findings suggest that short proline-rich
peptides can engage SH3 domains intracellularly and modulate cell signaling pathways. Indeed,
the nanomolar-to-micromolar activity of BPC-157 observed in preclinical cellular assays raises
the possibility of similar SH3 domain-mediated engagement; however, its intracellular trafficking,

kinetic profile, and subcellular localization remain undefined and warrant further investigation.

At 15-amino acids, BPC-157 exceeds the typical substrate length for proton-coupled
peptide transporters, and no receptor has been identified [2,3]. Nevertheless, by analogy to
PR-39, it remains plausible that BPC-157 engages multiple surface components, such as
integrins, heparan sulfate proteoglycans, or a yet unidentified receptor, to facilitate
internalization via dynamin-dependent pathways [65,87]. As mentioned in Section 1.1, Hsieh et
al. [4] demonstrated that dynasore, a dynamin inhibitor, blocks BPC-157—-induced VEGFR2
internalization and signaling. However, because dynasore broadly inhibits both clathrin- and
caveolin-mediated uptake [88], these findings indicate that endocytosis in general is essential
for BPC-157 activity. As discussed in Section 1.2, VEGFR2 can signal ligand-independently
through SFK transactivation, which drives clathrin-mediated endocytosis to initiate PISK—Akt
and ERK signaling from internalized endosomes [29,52]. Such a pathway may underlie
BPC-157’s activation of VEGFR2 signaling in a VEGFA-independent manner, requiring
endocytic machinery for the peptide to first engage SFK SH3 domains to transactivate VEGF2R.

The computational workflow—comprising OmegaFold for de novo peptide structural
modeling, DynamicBind for generating biochemically plausible binding orientations, and ICn3D
for browser-based interaction analysis—provides an intuitive, modular pipeline for peptide
modeling, docking, and residue-level contact assessment. Furthermore, the ability to
recapitulate the canonical SH2-linker interaction with the c-Src SH3 domain in its autoinhibited
conformation lends credibility to the predicted binding poses. Docking analyses were conducted
using an earlier release of DynamicBind (v1.0), which accepted OmegaFold-derived PDB files
as ligand inputs. In contrast, current versions available through the Neurosnap platform require
SDF file ligand inputs, introducing slight algorithmic and conformer-sampling differences. To
ensure transparency and reproducibility, the binding model results are provided in

Supplementary Files S7-S10, with archived job links included in Supplementary File 31. The
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reported interaction score offers a quantitative metric but should be interpreted as a structural
hypothesis rather than a direct measure of binding affinity. Moreover, SH3 domain engagement
represents only one potential route to SFK activation; alternative mechanisms include

high-affinity extracellular receptor binding or modulation of Csk activity.

An important future consideration is how BPC-157 differentially engages ERK and Akt
pathways in regenerative versus oncogenic contexts. As noted in Section 1.1, BPC-157
promotes cytoprotective and pro-growth signaling following injury, supporting tissue survival and
repair. However, Skiret et al. [27] demonstrated that BPC-157 suppressed VEGF-driven
MAPK/ERK activation and growth in melanoma cells, suggesting a selective inhibition of
malignant signaling. This context-dependent regulation extends to angiogenesis: in the chick
chorioallantoic membrane (CAM) assay, BPC-157 consistently enhanced vascular branching
and density, reflecting pro-angiogenic activity via VEGFR2 signaling and endothelial migration
[4]. In contrast, in corneal perforation models, BPC-157 accelerated epithelial repair while
attenuating pathological neovascularization, thereby maintaining tissue integrity without
promoting excessive vessel invasion [83]. Together, these findings underscore BPC-157’s dual
capacity to stimulate angiogenesis where physiologically beneficial, yet restrain aberrant
vascular growth in tissues where neovascularization is detrimental, such as the eye. This
selective regulation highlights BPC-157’s potential as a therapeutic agent uniquely capable of

balancing regenerative repair with oncogenic transformation.

Figure 5 provides strong evidence for robust intracellular expression of
mCherry—BPC157,, demonstrated by fluorescent imaging and immunoblot analysis of Sf9
manufacturing cell cultures. Because the culture supernatant was discarded prior to analysis,
these data reflect intracellular protein levels and associated production products rather than the
abundance or composition of secreted forms. The fusion construct includes an N-terminal insect
cell-specific secretion signal peptide (22 amino acids; see Section 4.1), intentionally
incorporated to facilitate extracellular export. Accordingly, future analysis of the culture
supernatant will be essential to fully characterize secreted mCherry—BPC157. and evaluate the

efficiency of post-translational processing.

Immunoblot signals at ~29 kDa (single-tail mCherry—BPC157) and ~26.6 kDa (mCherry
domain) correspond to truncated fragments or pre-processed intermediates of fusion protein.
The ~85 kDa band witnessed was absent in negative controls and consistent with SDS-resistant

oligomerization or possible membrane-associated complexes. Together, these findings validate
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the production of a fluorescent fusion protein incorporating C-terminal BPC-157 repeat

sequences, establishing a platform for subsequent interaction analysis and localization studies.

Future work will focus on purification and functional validation. Affinity-based strategies,
such as mCherry- or BPC-157-specific antibody bead capture or column chromatography can
facilitate recovery of the fusion protein from cell culture supernatant. To confirm
mCherry—BPC157. recapitulates the biological activity of monomeric BPC-157, phosphorylation
assays targeting SFKs, FAK, ERK, and Akt should be initially incorporated to validate target

pathway engagement.

In summary, the proposed model of BPC-157 as an SH3 domain-binding peptide
provides a unifying framework linking BPC-157—induced pro-repair effects to SFK activation and
downstream ERK/Akt signaling. The mCherry—BPC157. fusion protein represents a powerful
experimental tool to interrogate this mechanism across biochemical and cellular models. Future
studies aimed at elucidating the precise molecular mechanism of action, identifying potential
receptors, and defining the potential intracellular activity of BPC-157 will be critical for clinical

translation.
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4.0

Materials and Methods

411

Fusion Protein Construction

A modular fusion protein was designed to incorporate a cleavable secretion signal, a fluorescent
reporter, structured linkers, and tandem repeats of the therapeutic peptide BPC-157. The
N-terminal domain consisted of mCherry, a red fluorescent protein chosen for its high
photostability, monomeric nature, FRET compatibility, and reliable performance in fusion
constructs [89]. To facilitate secretion in insect cells, the native start codon of mCherry was
replaced with the melittin signal peptide from Apis mellifera, which directs co-translational
translocation into the endoplasmic reticulum and is subsequently cleaved, enabling secretion of
the processed protein into the culture medium during expression [90]. A rigid a-helical linker was
positioned between mCherry and the therapeutic segment to maintain domain independence,
reduce steric hindrance, and support proper folding of both domains [97]. The C-terminal region
comprised two tandem repeats of BPC-157, separated by a flexible glycine—serine linker to
improve solubility and provide conformational flexibility, potentially enhancing target
engagement. Both nucleotide and amino acid sequences are provided in FASTA format in

Supplementary File S25.

41.2

Docking Simulation Overview

To assess the potential of BPC-157 to adopt biochemically relevant orientations within SH3
domains, both BPC-157 and a 15-residue autoinhibitory SH2-linker peptide from c-Src
(NVCPTSKPQTQGLAK; residues 243-257; UniProt ID: P00523) were modeled using
OmegaFold v2 (released December, 2022) [92,93,103]. Predicted peptide structures were
exported in PDB format. The resulting PDB files were docked to representative SH3 domain
crystal structures using DynamicBind v1.0 (December, 2023) [94,95], and docking outputs were
validated and analyzed in iCn3D v3.45.3 (September, 2025) [96,97]. Structural PDB files for
SH3 domains were obtained directly from the RCSB Protein Data Bank and are provided in

Supplementary Files S1-S3.

41.3
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Structure Prediction and Visualization

The sequences of BPC-157 (GEPPPGKPADDAGLYV) and the c-Src SH2-linker region
(NVCPTSKPQTQGLAK; residues 243-257; UniProt ID: P00523) were submitted individually to
OmegaFold (Model version 2, 10 cycles) for de novo folding [92,93]. Resulting 3D models were
exported in PDB format for subsequent docking analyses. The full translated sequence of the
processed mCherry—BPC157. fusion protein was submitted to IntelliFold (AlphaFold 3) [98,99].
Model #1 was selected using the following parameters: MSA mode = mmseqs2_uniref_env, no
custom MSA, six recycles, 205 sampling steps, and five diffusion samples. SH3 binding models
were visualized and annotated in iCn3D, while three-dimensional structures of BPC-157 and the
fusion protein were rendered in the RCSB Mol* Viewer [100, 701]. Atomic coordinates and PDB
files of the modeled peptides, together with the PDB file of mCherry—BPC157-, are provided in
Supplementary Files S4-S6.

41.4
Peptide—-SH3 Domain Docking

DynamicBind [94,95], a deep learning—based docking platform, was used to predict binding
conformations between peptide ligands and SH3 domains. Input ligand structures for BPC-157
and the SH2-linker control were generated with OmegaFold in PDB format. SH3 domain
structures were retrieved from the Protein Data Bank [107] (PDB IDs: 1SRL for c-Src, 1NYF for
Fyn, 2HDA for Yes). Docking was performed with the following parameters: interference steps =
20, Model Version 2, Relax Structure and Noise options enabled, and random seed = 20. The
top 10 ranked conformations were analyzed in iCn3D. Specific models selected for detailed
analysis were: Rank 1 (c-Src SH2-linker control), Rank 3 (c-Src—BPC-157), Rank 2
(Fyn—-BPC-157), and Rank 10 (Yes—BPC-157), corresponding to Supplementary Files S7-S10.

All docking analyses were performed using an earlier version of DynamicBind (v1.0 December
2023, GitHub: https://github.com/luwei0917/DynamicBind) that accepted peptide ligands directly
in PDB format, with atomic coordinates used as the basis for docking. Current builds of
DynamicBind accessed through the Neurosnap platform require ligands to be supplied in SDF
format, which are parsed as chemical graphs rather than raw coordinates. As a result, even
when the same peptide structure is converted from PDB to SDF, the conformer ensemble
generated by DynamicBind differs slightly from that produced in earlier runs when using the
Neurosnap interface. To ensure transparency, all original PDB-based jobs and outputs are

archived on the Neurosnap website (Supplementary File S31), and the outputs from the original
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DynamicBind runs are provided as Supplementary Files S7-S10. Converted SDF files
generated from OmegaFold PDB outputs are provided in Supplementary Files S29 and S30.
Please note that SDF input files were not used for analysis for this manuscript. Full completed

DynamicBind jobs are archived as Supplementary Files S32-S35.

41.5
Interaction Analysis

Supplementary Files S11-S14 contain ICn3D PNG state files, which can be reopened directly in
ICn3D with the interaction analyses pre-computed. Predicted peptide—protein complexes
(Supplementary Files S7-S10) were imported into iCn3D (version 3.45.3; build date: September,
2025) [96,97] for interaction mapping. Contacts were defined as follows: hydrogen bonds

(3.8 A), salt bridges (<6.0 A), hydrophobic contacts (< 4.0 A), and mr-stacking interactions
(£5.5A). Interaction maps were generated using the “Analysis” tab, with receptor and ligand
specified in designated boxes. For comparative analysis, an interaction score (IS) was
calculated using a weighted heuristic: T—1T stacking (+3), cation—1t (+4), hydrogen bonds (+5)
[84-86]. This metric was used to highlight stabilizing features rather than absolute binding
energies. Control docking of the ¢c-Src SH2—-linker to its SH3 domain was included for reference.
Results and Interaction Analysis are summarized in Figure 4 and Table 1 and provided as a
PDF and XLSX in Supplementary Files S15 and S16.

41.6

Mechanistic Model Construction

Mechanistic diagrams depicting BPC-157—induced signaling pathways and SH3-mediated
activation of Src family kinases were constructed based on published literature. Modeled
pathways included Src—Caveolin~eNOS, Src—FAK, Src—-Akt, and FAK-Akt. These diagrams
integrate current understanding of SFK regulation, SH2/SH3 autoinhibition, caveolin-dependent
eNOS repression, and angiogenic signaling cascades triggered by BPC-157
[2-8,11,24,33,35,42,50,51]. Figures were generated using Google Draw (Google LLC, Mountain
View, CA, USA) and PicsArt (PicsArt LLC, Miami, FL, USA).

4.1.7

Fusion Protein Sequences

The coding sequence for the mCherry—BPC157: fusion protein was codon-optimized for
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Spodoptera frugiperda (Sf9) expression using the VectorBuilder Online Design Studio
(VectorBee, VectorBuilder, Chicago, IL, USA). Both nucleotide and amino acid sequences are

provided in FASTA format in Supplementary File S25.

41.8
Baculovirus and Protein Expression Vector Construction

A custom recombinant baculovirus expression vector encoding the mCherry—BPC157. fusion
construct was designed by the author and synthesized by VectorBuilder (Chicago, IL, USA). The
open reading frame (ORF) was placed under the control of the Autographa californica multiple
nucleopolyhedrovirus polyhedrin promoter to drive high-level expression. A Simian Virus 40
early polyadenylation signal was included downstream of the ORF to ensure efficient
transcriptional termination. The transfer vector incorporated Tn7 left and right terminal elements
for site-specific transposition into a bacmid attTn7 site in the presence of Tn7 transposase. For
propagation and selection in E. coli, the plasmid contained an ampicillin resistance gene and a
pUC origin of replication. A gentamicin resistance marker enabled selection of recombinant
bacmid clones following transposition. Vector design was managed through VectorBuilder’s

online platform (https://en.vectorbuilder.com/design/pBV.html).

41.9

Generation of Recombinant Baculovirus and Fluorescent Imaging

A custom recombinant baculovirus encoding the mCherry—BPC157: fusion construct was
generated by VectorBuilder (Chicago, IL, USA) using a bacmid shuttle vector system. Briefly,
bacmid DNA was transfected into Sf9 cells to produce viral particles, which were amplified
through multiple infection rounds to obtain high-titer stocks [90,702]. During amplification, Sf9
cells were infected and imaged daily over a 7-day period using brightfield and epifluorescence
microscopy to monitor mCherry expression. Imaging was performed on an Olympus IX73 laser
scanning confocal microscope equipped with an Hg arc lamp (530-550 nm excitation) and a
TRITC/mCherry filter set. Images were acquired at 100x total magnification (objective 10x,
eyepiece 10x). Red channel exposure times were 80 ms on days 1, 2, and 4, and 10 ms on day
7. Brightfield images from days 4 and 7 were uniformly adjusted for brightness and contrast to
compensate for inter-day exposure variation. All unprocessed image files are provided in

Supplementary Files S17-S24.
4.2.0

Sf9 Cell Culture, Infection, Protein Expression
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Sf9 insect cells (Expression Systems, Davis, CA, USA) were cultured in ESF921 medium
(Expression Systems, Davis, CA, USA) at 28 °C in a T75 flask (Thermo Scientific, Waltham, MA,
USA). Upon reaching a density of approximately 5 x 10° cells per flask, recombinant custom
baculovirus (VectorBuilder, Chicago, IL, USA) was added at a multiplicity of infection (MOI) of 2.
After 48 hours, the culture medium was replaced. At 120 hours post-infection, cells were
harvested by centrifugation at 400 x g for 10 minutes, washed once with fresh ESF921 medium,
and centrifuged again under the same conditions. The supernatant was discarded, and the
resulting cell pellet was briefly air-dried before flash-freezing in a dry ice—isopropanol (99%)
bath.

4.21

Western Blot Analysis

Western blotting was conducted by Boster Bio (Pleasanton, CA, USA). Frozen pellets of
transduced Sf9 cells were lysed, denatured, and separated on 4—12% Bis-Tris Plus gel (Thermo
Scientific, Waltham, MA, USA), with protein loading standardized to 10 ug per lane. Proteins
were transferred to PVDF membranes using Tris-Glycine buffer overnight. Membranes were
incubated for 16 h at 8 °C with a rabbit polyclonal anti-mCherry antibody (Abcam ab167453)
diluted 1:1000. Detection was performed using fluorophore-conjugated secondary antibodies,
and imaging was carried out with the Odyssey CLx fluorescent imaging system. Supporting
controls, including a secondary-only blot, original blot image, BCA assay (Thermo Scientific,
Waltham, MA, USA) protein concentration determination, and a replicate probed at 1:500, are

provided in Supplementary Files S26-S8.

*All data supporting the conclusions of this study are included in the article and its
supplementary information files. Supplementary Files are also available online at:
https./drive. le.com/drive/folders/1bdzCHSisj9Z Ry8uYnSJMO032¢cl
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Figure 1

Figure 1. Mechanism of Src family kinase activation by proline-rich ligand. (1) Autoinhibition: In the
inactive state, the SH3 domain binds the SH2-kinase linker, and the SH2 domain binds a C-terminal tail
phosphotyrosine residue, keeping Src family kinases (SFKs) autoinhibited. (2) Ligand Binding: A proline-
rich ligand binds to the SH3 domain, disrupting the autoinhibited conformation and allowing for SH2
domain interaction with phosphotyrosines on partially activated receptors. (3) Membrane Activation:
Binding of the SH2 domain facilitates recruitment of SFKs to the membrane. Upon SH2 domain binding,
autophosphorylation within the activation loop fully activates SFKs, initiating downstream signaling
cascades via the focal adhesion kinase (FAK)-extracellular signal-regulated kinase (ERK) and the
phosphoinositide 3-kinase (PI3K)—protein kinase B (Akt) pathways. Abbreviations: Akt, protein kinase B;
ERK, extracellular signal-regulated kinase; FAK, focal adhesion kinase; PI3K, phosphoinositide 3-kinase;
SFK, Src family kinase; SH2/SH3, Src homology 2/3 domains.
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Figure 2

Figure 2. Proposed mechanism of BPC-157-induced Src activation and parallel healing pathways. (A)
BPC-157 is proposed to bind the SH3 domain of Src (Src family kinases; c-Src, Fyn, and Yes), disrupting
the autoinhibitory conformation and facilitating autophosphorylation of the catalytic domain.
Phosphorylated Src subsequently displaces the inhibitory caveolin-1-endothelial nitric oxide synthase
(eNOS) complex via direct phosphorylation of eNOS, leading to nitric oxide (NO) production. This model
is based on the findings reported by Hsieh et al. [5]. (B) Src activation by BPC-157 triggers focal adhesion
kinase (FAK) and protein kinase B (Akt) signaling pathways. FAK activation reinforces Src signaling via a
positive feedback loop and promotes extracellular signal-regulated kinase (ERK) activation. Activated
FAK can also initiate Akt signaling. Involvement of phosphoinositide 3-kinase is not shown. Arrows
indicate activation. Abbreviations: Akt, protein kinase B; ERK, extracellular signal-regulated kinase; eNOS,
endothelial nitric oxide synthase; FAK, focal adhesion kinase; NO, nitric oxide; SH3, Src homology 3
domain; Src, Src family kinase (c-Src, Fyn, and Yes)



Figure 3

Figure 3. Predicted three-dimensional structure of BPC-157. (Top panel) Predicted BPC-157 tertiary
structure indicating a polyproline Il helix conformation. (Bottom panel) Structure annotated with the BPC-
157 amino acid sequence GEPPPGKPADDAGLYV. Atom colors are carbon (grey), oxygen (red), and
nitrogen (blue).



Figure 4

Figure 4. In silico docking of BPC-157 and c-Src SH2-linker peptide within SFK SH3 domain binding
grooves. (A) Predicted autoinhibited conformation of c-Src SH3 domain bound to SH2-linker peptide. (B)
Predicted BPC-157 binding to c-Src SH3 domain, oriented N- to C-terminus. (C) Predicted BPC-157
binding to Yes SH3 domain, oriented C- to N-terminus. (D) Predicted BPC-157 binding to Fyn SH3
domain, oriented N- to C-terminus. SH3 domains are shown as green ribbons, peptides in atom colors
(carbon, grey; oxygen, red; nitrogen, blue; sulfur, yellow). Interacting SH3 residues are depicted as sticks.
Dotted lines indicate predicted interactions: red, cation—T; blue, m—Tt stacking; green, hydrogen bonds.
PDB identifiers of SH3 domains analyzed: c-Src (1SRL), Yes (2HDA), Fyn (1NYF). Abbreviation: SH3, Src
homology 3 domain.
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Figure 5

Figure 5. Validation of mCherry—BPC157, expression in Sf9 cells: fluorescence imaging, structural
prediction, and immunoblot analysis. (A) Time course of mCherry fluorescence in Sf9 cells following
baculovirus transduction. Brightfield and corresponding fluorescence images (530—-550 nm Hg lamp
excitation) were captured at days 1, 2, 4, and 7 postllinfection. Scale bar = 100 um, consistent across all
panels. (B) Schematic representation of the mCherry—BPC157, fusion protein. (C) Predicted 3D structure
of mCherry-BPC157, generated with AlphaFold3. (D) Immunoblot of transduced Sf9 cell lysates probed
with a polyclonal antiémCherry antibody. Lane 2 shows a band cluster at ~31-34kDa, consistent with the
predicted fullllength fusion (30.7 kDa). Higherlimigrating species correspond to ERlprocessing variants
retaining the NEiterminal secretory sequence (33.1kDa) and putative postlitranslationally modified forms.
Additional bands at ~29kDa (singlelitail mCherry—BPC157) and ~26.6 kDa (mCherry domain) indicate
truncated fragments. Prestained molecular weight markers (22, 27, 39 kDa) are shown in Lanes 1 and 3.
Abbreviation: Sf9, Spodoptera frugiperda cells.
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BPC-157 Binding to SH3 Domains and Activation of Src Family Kinases: In Silico Modeling and
Fluorescent Fusion Protein Production
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