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visualization of lipid droplet dynamics in metabolic stress and ferroptosis
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ARTICLEINFO ABSTRACT
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Aggregation-induced emission

Red fluorescence

Lipid droplets (LDs), central to lipid homeestasis and implicated in metabolic disorders, cancer, and neurode-
generative diseases, urgently require advanced imaging probes to overcome limitations of conventional
tools—such as small Stokes shifts, low photostability, and complex washing steps. To address these challenges,
we engineered three ESIPT-active fluorescent probes (HBT-CF3, Al-HBT-CFs, In-HBT-CF3) through systematic
melecular design. By progressively integrating stronger electron-withdrawing groups into the HBT scaffold, we
achieved In-HBT-CF3, a red-emitting probe (Aep: 620 nm) with a 8038 cm ™1 Stokes shift, 41 % quantum yield,

and negligible phototoxicity. Its performance stems from synergistic action between restricted intramolecular
rotation and hydrophobic shielding, which reinforce intramolecular hydrogen bonds and suppress non-radiative
decay. Demonstrating rapid (<2 min), wash-free LD labeling, In-HBT-CF3 enabled real-time tracking of LD
dynamics under metabolic stress (starvation/oleic acid) and during ferroptosis, revealing erastin-induced LD
accumulation and Fer-1-mediated suppression. This work not only resolves critical drawbacks of existing probes
but also establishes a design framework for next-generation imaging tools, advancing mechanistic studies of LD-
related pathologies and oxidative stress-driven diseases.

1. Introduction

Lipid droplets (LDs), dynamic organelles central to lipid storage and
energy homeostasis [1,2], are characterized by a unique phospholipid
monolayer membrane decorated with regulatory proteins and encap-
sulating neutral lipids. Dysregulation of intracellular lipid metabolism
has been increasingly implicated in the pathogenesis of metabolic dis-
orders [3,4], underscoring the critical need for advanced tools to
investigate LD-associated biological processes. Fluorescent probes have
emerged us indispensable tools for real-time visualization of subcellular
dynamics, owing to their non-invasive nature, high sensitivity, and
exceptional spatial resolution [5,6]. While existing probes such as Nile
Red and BODIPY 493/503 have facilitated LD imaging, their limitations
hinder broader applications. Nile Red suffers from poor selectivity and
significant background interference [7], whereas BODIPY 493/503 ex-
hibits a narrow Stokes shift (~403 em™Y), leading to spectral crosstalk

* Corre.;sponding author.
E-mail address: zhangyr@nwsuaf.edu.cn (Y. Zhang).
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and compromised imaging fidelity [8]. These drawbacks highlight the
demand for probes with large Stokes shifts, which minimize
excitation-emission overlap and enable multiplexed imaging of organ-
elle crosstalk-a critical feature for studying LD interactions with mito-
chondria or endoplasmic reticulum [¢-13].

Red-emitting fluorophores are particularly desirable due to reduced
autofluorescence interference and deeper tissue penetration [14].
Although donor-r-acceptor (D-n-A) architectures can achieve red-shifted
emissions, their spatially separated HOMO-LUMO distributions often
promote reactive oxygen species (ROS) generation, inducing cytotox-
icity [15,16]. Furthermore, conventional hydrophobic LD probes with
aggregation-caused quenching (ACQ) effects face
concentration-dependent photobleaching, limiting their utility in
long-term tracking. In contrast, aggregation-induced emission (AIE)
luminogens exhibit enhanced emission in aggregated states, offering
superior photostability for sustained imaging [17,18].
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Supercapacitor Performance of Activated Carbon from Eucommia
Ulmoides Oliver Wood Optimized by the Activation Method
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ABSTRACT: Amid the growing demand for sustainable energy
storage, biomass-derived porous carbons have emerged as eco-
friendly alternatives to conventional electrode materials. This study
shows that activated carbon prepared by one-step activation
exhibits an enhanced specific surface area and pore volume. The
optimum parameter for ameliorating the structural and electro-
chemical properties is 60 min of microwave heating. The specific

surface area, pore volume, and mesopore volume of the resulting il G T D | e ]
activated carbon (EUACI—60) achieve 1589.0 m*/g, 0.82 cm®/g,  wwamn e WL R E
and 0.28 cm®/g, respectively. EUAC1—60 exhibits an exceptional  saicainrmon St ot ctrochericat prforre e
defect degree with an I,/I; value of 0.92 and can provide ample

active sites for jon storage. The electrochemical investigation shows that the EUAC1—60 electrode has the highest specific
capacitance of 232.92 F/g at a current density of 0.2 A/g. In addition, continuous cycling performance at a current density of 1 A/g
validates its exceptional stability with capacitance retention of 89.90% and Coulombic efficiency of 117.21% after 10,000 cycles. The
zinc ion hybrid supercapacitor with the EUAC1—60 cathode and Zn foil anode displayed an excellent energy density performance of
95.58 W h/kg at a power density of 64,800 W/kg. This research presents an innovative approach to the fabrication of high-
performance activated carbon electrode materials from Eucommia Ulmoides Oliver, demonstrating its promising potential in
supercapacitor applications.

1. INTRODUCTION element of supercapacitors, electrode materials play a pivotal
role and directly influence the electrochemical behavior of
supercapacitors. Nevertheless, the exploration of novel
electrode materials exhibiting superior performance, eco-
friendly attributes, and low cost is an imperative issue to be
addressed, which has considerably impeded the industrial
development of supercapacitor devices.”

In the context of supercapacitor applications, an optimal
electrode material is required to possess an appreciable specific
surface area to absorb more electrolyte ions and augment its
electrochemical functionality. Furthermore, the electrode
material must also exhibit superior conductivity and rapid
charge—discharge efficiency within a short duration. In light of
these prerequisites, porous carbon, due to its adjustable
morphology and superior conductivity, is deemed a promising
supercapacitor electrode material.'® Carbon-based electrode

Given the pressing global need for energy, dwindling fossil fuel
reserves, and deteriorating environmental conditions, consid-
erable attention should be given to enhancing the efficiency of
energy storage and conversion app.';,raf:l.ls.1 Among the various
energy storage devices available, rechargeable batteries (e.g,,
nickel metal hydride batteries and lithium ion batteries),
conventional capacitors, and supercapacitors comprise the
three primary categories. While rechargeable batteries
commonly exhibit high energy density, their inferior power
density znd limited life prevent them from meeting the
requirements for high power output and fast charging/
discharging scenarios. Conventional capacitors, by contrast,
were unable to satisfy the practical requirements due to their
significantly low energy density.” Supercapacitors, in contrast,
are swiftly evolving into potential energy storage technologies
and are atiracting considerable interest. These devices exhibit

rapid charge—discharge velocity, exceptional circulation Received: December 23, 2024
stability, and the ability to bridge the gap® between high- Revised:  February 24, 2025
energy density cells* and traditional power density capacitors,” Accepted: March 28, 2025
rendering them applicable in a broad array of sectors, Published: April 10, 2025

encompassing telecommunications gear, hybrid vehicles,®

smart grids, high-speed rail,” and spau:ecraft8 As a fundamental
2025 The Authors. Publi
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