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(B MI(Objective)]
Hepatitis B virus (HBV), the causative agent of chronic hepatitis B, remains a major global health concern, affecting an
estimated 296 million people worldwide and leading to liver cirrhosis and hepatocellular carcinoma. HBV closely interacts
with host organelles and proteins to facilitate its replication and persistence. Understanding these virus—host interactions is
critical for identifying novel therapeutic targets. Our previous study identified the mitochondrial protein TIMM29 as a
negative regulator of HBV transcription through its interaction with the viral preS1 domain, part of the large envelope protein.
However, the precise molecular mechanisms by which the preS1-TIMM29 interaction mediates transcriptional repression
remain unclear. In this study, we sought to elucidate these mechanisms to better understand how HBV exploits mitochondrial
pathways for transcriptional control. Targeting such host-mediated suppression pathways could provide a promising strategy
for developing future HBV treatments with a reduced risk of antiviral resistance.

(FFiE72 b N AR (Methods/Results) )
Here, we established Halo-TIMM29wt (full-length), Halo-TIMM29: A99-192 (deleted preS1-binding domain), or Halo-
TIMM29: 92-194 (maintains preS1 binding but not mitochondria localization domains) expressing cells using TIMM29-
knockout HB611 (TIMM29KO/HB611; HB611KO) cells, a Huh6-derived line stably producing HBV using HBV. HBV
antigen expression and replication were markedly reduced in cells expressing TIMM29wt but not in those expressing deletion
mutants. This indicates that TIMM29’s anti-HBV function depends on the 99—-189 amino acid region that interacts with preS1.
The Halo-TIMM29: 92—-194 mutant, which failed to restore antiviral activity despite containing the preS1-binding region,
suggested that mitochondrial localization is essential for TIMM29-mediated HBV suppression. In TIMM29-knockout C4
cells (TIMM29KO/C4; C4KO), an NTCP-expressing HepG2 line supporting HBV infection, all constructs exhibited a potent
downregulation of HBeAg and HBsAg expression, intracellular core-associated and extracellular particle-associated HBV
DNA, without affecting cccDNA formation, indicating that TIMM?29 affects post-attachment/entry events of HBV. Gene
expression microarray analysis revealed reduced levels of ARRDC3 and BASP1 in both TIMM29KO/HB611 and
TIMM29KO/C4 cells, suggesting that mitochondrial TIMM29 functions as a signaling hub that promotes ARRDC3 and
BASP1 expression to restrict HBV transcription. ARRDC3 expression depended on the preS1-binding region (aa 99-189) of
TIMM29 in both cell types, whereas BASP1 regulation varied—being reduced in HB611KO cells but increased in C4KO
cells—indicating cell-type-specific control mechanisms. Forced expression of ARRDC3 and BASP1 levels suppressed HBV
gene expression and replication in both HB611 and C4 cells, supporting their antiviral roles.
Expression of HBV large surface protein (LS) facilitated the degradation of TIMM29, ARRDC3, and BASP1 via the ubiquitin—
proteasome pathway, while the middle surface protein (MS) had no effect. During HBV infection, their levels decreased in
parallel with increased LS expression.

(#  #&(Conclusion)]
In conclusion, TIMM29 suppresses HBV transcription and replication by activating ARRDC3 and BASP1. While ARRDC3
regulation is largely dependent on the TIMM29—preS1 interaction, BASP1 appears to be influenced by additional, cell-type-
specific factors. These findings uncover a novel TIMM29-centered antiviral axis that controls HBV replication and suggest

potential targets for the development of innovative antiviral strategies.
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