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ABSTRACT Porcine epidemic diarrhea virus (PEDV), a member of the Alphacorona-
virus genus, causes severe enteric disease with up to 100% mortality in suckling
piglets. Iron is an essential micronutrient for the replication of various pathogens,
including viruses, which hijack host iron resources to support their proliferation.
SLC40A1 encodes ferroportin (FPN), the only known iron exporter in mammals and
a key target for pathogens to manipulate host iron homeostasis. However, whether
coronaviruses exploit this mechanism remains unknown. Here, we demonstrate that
PEDV infection disrupts host iron homeostasis through the KLF15-FPN regulatory
axis, resulting in suppressed FPN expression, intracellular iron accumulation, and
enhanced viral replication. Mechanistically, the PEDV envelope (E) protein induces
cytoplasmic aggregation of Kruppel-like factor 15 (KLF15) through its PDZ-binding motif
(PBM), promoting tripartite motif-containing protein 28 (TRIM28)-dependent K63-linked
ubiquitination and autophagy-lysosomal degradation of KLF15 at lysine 339 (K339),
thereby suppressing KLF15-mediated transcriptional activation of SLC40A1. Our findings
uncover a novel iron hijacking strategy by which PEDV remodels host iron homeostasis
through the KLF15-FPN regulatory axis, providing new insights into coronavirus-host
interactions and potential antiviral intervention strategies.

IMPORTANCE Porcine epidemic diarrhea virus (PEDV) causes a highly contagious enteric
disease, posing a persistent threat to global swine production. Iron serves as a critical
cofactor in numerous host and viral enzymatic processes, and profoundly influences
viral infection outcomes. Ferroportin (FPN) is currently the only known iron excretory
protein in mammals and has emerged as a key regulator of host iron homeostasis that
can be exploited by pathogens. However, whether and how coronaviruses employ host ~ EditorTom Gallagher, Loyola University Chicago -
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iron regulatory pathways to remodel iron homeostasis remains unclear. Here, we reveal
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C oronaviruses (CoVs) are major zoonotic pathogens that affect both humans and

animals and comprise four genera: Alphacoronavirus, Betacoronavirus, Gammacor-
onavirus, and Deltacoronavirus. Representative members include porcine epidemic Received 8 August 2026
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CoV-2, beta), infectious bronchitis virus (gamma), and porcine deltacoronavirus (delta)
(1). Of these, PEDV contains a single-stranded, positive-sense RNA genome of approxi- Copyright © 2026 Hu et al. This is an open-access
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Dear Prof. Mingjun Zhu:

Your manuscript has been accepted, and I am forwarding it to the ASM production staff for publication. Your paper
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Subscriber Benefits:If your institution is a subscriber, you are eligible for exclusive benefits such as guaranteed
open access publication and discounts on page charges. Find more information https://journals.asm.org/s2o0-

https://mail.163.com/js6/read/viewmail.jsp?mid=748:xtbC7AT+qGqE6CTjdwAA3I&type=1&t=1787095009000 12


https://journals.asm.org/s2o
https://journals.asm.org/publication-fees
https://mail.163.com/js6/read/%3Ca%20href=

Veterinary Microbiology 321 (2026) 111205

Contents lists available at ScienceDirect

Veterinary Microbiology

e 4

ELSEVIER

journal homepage: www.elsevier.com/locate/vetmic

Targeting viral Fe-S clusters with TEMPOL confers broad-spectrum

anti-coronavirus activity

Leyu Hu*™%%! Lexi Gao™"“%"  Xingwei Fu™" ",
Zesheng Rong *™““, Yue Cheng *"*“, Yuhan Hou*"“¢,
Lu Han *”%“ Xin Ran*"“Y, Guiwen Guan *”%,
Ting Zhou™"““, Lingling Chang *-"**“, Xiaomin Zhao

Qian Du®"““ Yong Huang *""“"-", Dewen Tong *-"*%",
Mingjun Zhu "%

a,b,c,d

@ College of Veterinary Medicine, Northwest A&F University, Yangling, China

Y Engineering Research Center of Efficient New Vaccines for Animals, Ministry of Education, Yangling, China

¢ Key Laboratory of Ruminant Disease Prevention and Control (West), Ministry of Agriculture and Rural Affairs, Yangling, China
9 Engineering Research Center of Efficient New Vaccines for Animals, Universities of Shaanxi Province, Yangling, China

ARTICLE INFO ABSTRACT

Keywords:

Coronavirus

Iron-sulfur clusters
RNA-dependent RNA polymerase
TEMPOL

Cellular iron metabolism

Virus replication

Coronaviruses (CoVs) can cause severe respiratory and enteric diseases, posing major threats to human health
and the livestock industry. However, the host metabolic mechanisms underlying viral replication remain unclear.
Using porcine epidemic diarrhea virus (PEDV) as the primary model, this study investigated the role of iron
metabolism in CoV replication and its mechanisms. Our results showed that PEDV infection markedly induced
intracellular iron accumulation, while exogenous iron supplementation enhanced viral replication and iron
chelation suppressed it. Mechanistically, iron enhances viral replication by promoting the formation of iron-
sulfur (Fe-S) clusters, essential cofactors for the viral RNA-dependent RNA polymerase (RdRp). Based on these
findings, we further evaluated the antiviral activity of TEMPOL, a small molecule targeting viral Fe-S clusters.
TEMPOL reduced RdRp activity and effectively inhibited PEDV replication. Moreover, TEMPOL exhibited broad-
spectrum antiviral activity against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), infectious
bronchitis virus (IBV), and porcine deltacoronavirus (PDCoV). Importantly, TEMPOL effectively reversed FAC-
promoted viral pathogenesis, alleviating tissue lesions and clinical symptoms across multiple CoV animal
models. Collectively, this study reveals a key role of iron metabolism in CoV replication and suggests that tar-
geting viral Fe-S clusters may provide a novel strategy for anti-CoV therapy against diverse CoVs.

1. Introduction

CoVs are RNA viruses of major public health and economic impor-
tance that infect humans and a wide range of animal species, causing
severe respiratory, enteric and systemic diseases (Jackson et al., 2022;
Miller et al., 2020; V’kovski et al., 2021). The recent global outbreak of
SARS-CoV-2 has further underscored the profound threat posed by CoVs
to human health (Trougakos et al., 2021; Yang and Rao, 2021). In
addition, animal CoVs, including PEDV, IBV, and PDCoV, continue to
cause substantial economic losses to the livestock and poultry industries

worldwide (Bande et al., 2017; Jung et al., 2016; Wang et al., 2016). Due
to their high mutation rates and potential for cross-species transmission,
there is still a lack of broad-spectrum antiviral drugs targeting diverse
CoVs (Huang et al., 2026; Kung et al., 2022; Liang et al., 2024; Malone
et al., 2022). Therefore, the identification of targets conserved across
diverse CoVs is essential for the development of broad-spectrum anti-
viral therapeutics and preparedness against emerging CoVs.

Viral infection extensively reprograms host cellular metabolism to
meet the energy and biosynthetic demands required for efficient viral
replication (Dai et al., 2024; Thaker et al., 2019). In addition to glucose
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Dear Prof. Zhu,
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I am pleased to inform you that your manuscript has been accepted for publication.
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Your accepted manuscript will now be transferred to our production department. We will create a proof which you
will be asked to check, and you will also be asked to complete a number of online forms required for publication. If
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future submissions.

We encourage authors of original research papers to share the research objects - including raw data, methods,
protocols, software, hardware and other outputs - associated with their paper. More information on how our open
access Research Elements journals can help you do this is available at https://www.elsevier.com/authors/tools-
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