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Drug-free targeted thrombolytic strategy based on gold nanoparticles-
loaded human serum albumin fusion protein delivery system
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(School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: Thrombus is a major factor leading to cardiovascular diseases such as myocardial infarction and
stroke. Although fibrinolytic anti-thrombotic drugs have been widely used in clinical practice, they are still limited
by narrow therapeutic windows, short half-lives, susceptibility to inactivation, and abnormal bleeding caused by
non-targeting. Therefore, it is crucial to effectively deliver thrombolytic agents to the site of thrombus with minimal
adverse effects. Based on the long blood circulation and excellent drug-loading properties of human serum albumin
(HSA), we employed genetic engineering techniques to insert a functional peptide (P-selectin binding peptide,
PBP) which can target the thrombus site to the N-terminus of HSA. The fusion protein was expressed using Pichia
pastoris and purified by Ni-chelating affinity chromatography. After being loaded with gold nanoparticles (Au
NPs), the fusion protein formed homogeneous and stable nanoparticles (named as PBP-HSA@Au) with a diameter
of 17.7 £ 1.0 nm and a zeta potential of —11.3 + 0.2 mV. Cytotoxicity and hemolysis tests demonstrated the superb
biocompatibility of PBP-HSA@Au. Platelet-targeting experiments confirmed the thrombus-targeting ability
conferred by the introduction of PBP into PBP-HSA@Au. Upon near-infrared ray (NIR) irradiation, PBP-HSA@Au
rapidly converted light energy into heat, thereby disrupting fibrinogen and exhibiting outstanding thrombolytic
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efficacy. The designed HSA fusion protein delivery system provides a precise, rapid, and drug-free treatment

strategy for thrombus therapy. This system is characterized by its simple design, high biocompatibility, and strong

clinical applicability. All animal experiments involved in this study were carried out under the protocols approved
by the Animal Experiment Ethics Committee of Jiangnan University [JN. N020230915S50301015(423)].
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The schematic route of Au NPs-loaded HSA fusion
protein (PBP-HSA@Au) and its application in targeted thromboly-
sis. The HSA fusion protein (PBP-HSA) was fabricated using

genetic engineering technology, in which PBP was fused at the

Scheme 1

N-terminal of albumin and expressed by Pichia Pastoris strain
GS115. After being loaded with Au NPs, the PBP-HSA@Au
nanoparticles would undergo targeted accumulation at the site of
blood clots and play a role in thrombolytic therapy upon NIR laser
irradiation. NPs: Nanoparticles; HAS: Human serum albumin;

PBP: P-selectin binding peptide
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Figure 1 The construction and characterization of PBP-HSA fusion protein. A: The PCR bands of recombinant colonies (P: Plasmid empty

vector; M: GoldBand 5000 DNA marker; No.1-5: Different recombinant colonies); B: Screening of high copy recombinant transformants

reflected by SDS-PAGE (P: Plasmid empty vector; M: Protein marker; No. 1-5: Different recombinant colonies); C: Purification of PBP-
HSA fusion protein by Ni-NTA; D: SDS-PAGE analysis of PBP-HSA in GS115/pPICZaA- PBP-HSA (UF: Ultrafiltration sample before
purification; Ni: Ni-sepharose purified sample; M: Protein marker); E: The circular dichroism (CD) spectrum of PBP-HSA; F: Hydrody-
namic sizes of HSA (black) and PBP-HSA (red) protein in PBS solution. PDI: Polydispersity index
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Figure 2 The characterization of PBP-HSA@Au nanoparticles. A: Hydrodynamic size of Au NPs in aqueous solution detected by DLS

and the morphology of Au NPs imaged by TEM; B: The combination of PBP-HSA and Au NPs confirmed by agarose gel retardation assay;
C: The UV-Vis spectra of PBP-HSA, Au NPs and PBP-HSA@Au nanoparticles; D: Hydrodynamic size of PBP-HSA@Au in PBS solution;
E: The comparison of particle sizes among PBP-HSA, Au NPs and PBP-HSA@Au; F: The comparison of zeta potentials among PBP-HSA,

Au NPs and PBP-HSA@Au. n=3,x*s
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Figure 3 The biocompatibility and platelet-targeting capability of PBP-HSA @ Au nanoparticles. A: Relative cell viability of VSMCs cells;
B: HUVECs cells incubated with various concentrations of PBP-HSA and PBP-HSA@Au for 24 h; C: Hemolysis ratios of red blood cells
(RBCs) with the treatment of PBP-HSA and Au NPs for 4 h; D: The optical images of activated platelets after thrombin treatment (upper
panel); fluorescent images of rhodamine-labeled protein nanoparticles (PBP-HSA and HSA) accumulated on activated platelets (lower

panel); E: Positive cell rate; F: fluorescent intensities of activated platelets detected by flow cytometry with the treatment of rhodamine-
labeled PBP-HSA and HSA. n=3,x + s
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Figure 4 The in vitro evaluation of photothermal effect. A: Infrared thermal images of PBS and PBP-HSA@Au nanoparticles; B:
Photothermal curve of PBP-HSA@Au nanoparticles irradiated with NIR laser (808 nm, 2.5 W-cm™); C: Infrared thermal images of
PBP-HSA@Au under different power intensities (808 nm, 1,2,2.5 W-ecm?). n=3,x+s
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Figure 5 The in vitro evaluation of thrombolytic effect. A: Images of established in vitro thrombus model and thrombolytic effects of
PBP-HSA@Au and Au NPs irradiated with NIR laser (808 nm, 2.5 W-cm™); B: The fibrous protein level assayed by UV-Vis absorptiopho-
tometry after different concentrations of PBP-HSA@Au and Au NPs with laser treatment; C: The hemoglobin level assayed by UV-Vis

absorptiophotometry after different concentrations of PBP-HSA@Au and Au NPs with laser treatment; D: The fibrous protein level assayed

by UV-Vis absorptiophotometry during different irradiation duration; E: The hemoglobin level assayed by UV-Vis absorptiophotometry

during different irradiation duration. n=3,x+s. " P<0.001 "
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Figure 6 The in vivo evaluation of thrombolytic effect. A:

200

Thrombus model in left carotid artery of rats; B: Representative
histological analysis of blood vessels after photothermal treatment
with HSA@Au and PBP-HSA@Au nanoparticles. Scale bar:
200 pm
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