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Supplementary Fig. 1 Comparable initial bacterial burden in Rsad2flox and Rsad2cko mice after aerosol Mtb infection.
Bacterial CFU in the lungs of Rsad2flox (n=5) and Rsad2cko (n=5) mice at Day 1 post-infection with 1 × 10⁶ Mtb by aerosol inhalation.
Data are presented as mean ± SEM; ns, not significant. Statistical significance was determined using unpaired Student’s t-test. Data are representative of three independent experiments.
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Supplementary Fig.2 Viperin deficiency does not alter Th2, Th17, or Treg frequencies in vivo but attenuates Th2-polarization signaling in vitro.
(A–C) Representative flow cytometry histograms/plots and quantification of IL-4⁺ (A), IL-17⁺ (B), and Foxp3⁺ (C) CD4⁺ T cells in the lungs of Rsad2flox (n=5) and Rsad2cko (n=5) mice at 4 weeks post-Mtb infection. (D) Representative Western blots of p-STAT1, STAT1, p-STAT6, STAT6, GATA3, Viperin, and β-actin in Rsad2flox and Rsad2cko CD4⁺ T cells under Th0, Th1, and Th2 polarization conditions. 
Statistical significance was determined using unpaired Student’s t-test (A-C). Data are presented as mean ± SEM; ns = not significant, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001. Data are representative of at least three independent experiments.
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Supplementary Fig. 3 Viperin regulates the JAK-STAT pathway, influencing the Th1/Th2 differentiation balance.
(A) Phosphorylation levels of JAK1, (B) Phosphorylation levels of JAK2, (C) Phosphorylation levels of STAT4, (D) Protein levels of the transcription factor T-bet, (E) Phosphorylation levels of STAT6, (F) Protein levels of the transcription factor Gata-3, and (G) Phosphorylation levels of STAT1, were detected by Western blot assay in Rsad2flox and Rsad2cko CD4⁺ T cells differentiated under Th0, Th1, or Th2 conditions for 5 days (stimulated with IL-2; IL-2 plus IL-12; or IL-2 plus IL-4, respectively). The protein bands were quantified and statistically analyzed through grayscale measurement. 
Statistical significance was determined by two-way ANOVA followed by Sidak's multiple-comparison test. Data are presented as mean ± SEM; ns = not significant, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001. Data are representative of at least three independent experiments.
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Supplementary Fig. 4 Viperin deficiency alters pro-survival and activation signaling in CD4⁺ T cells
(A) Phosphorylation levels of AKT, (B) PI3K, (C) p70S6K, (D) PKC-θ, (E) Phosphorylation levels of NF-κB p65 in Rsad2flox and Rsad2cko CD4⁺ T cells stimulated with anti-CD3/CD28 for 0 or 24 hours, as detected by Western blot assay. The protein bands were quantified and statistically analyzed through grayscale measurement. 
Statistical significance was determined by two-way ANOVA followed by Sidak's multiple-comparison test. Data are presented as mean ± SEM; ns = not significant, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001. Data are representative of at least three independent experiments.
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Supplementary Fig.5 Viperin functions as a context-dependent rheostat for IFN-γ signaling in antiviral and antimycobacterial immunity.
Left: During acute viral infection, IFN-γ induces Viperin as an interferon-stimulated gene. In this antiviral context, Viperin amplifies IFN-γ-mediated antiviral effector programs, thereby promoting viral clearance. Right: During chronic Mycobacterium tuberculosis (Mtb) infection, IL-12 drives Viperin expression in CD4⁺ T cells. In this CD4⁺ T cell-intrinsic context, Viperin suppresses the JAK2/JAK1-STAT4-T-bet axis, leading to reduced IFN-γ production, impaired bactericidal capacity, and ultimately enhanced Mtb survival. Bottom: The same Viperin molecule therefore acts as a bidirectional rheostat: it amplifies IFN-γ antiviral responses during viral infection but suppresses IFN-γ bactericidal responses during chronic Mtb infection. The regulatory direction is dictated by the infection context and the local cytokine milieu rather than by intrinsic differences in Viperin itself. Arrows denote activation; the flat-headed line denotes inhibition.


Supplementary Tables
Supplementary Table 1. List of antibodies for flow cytometry analysis
	Antibody Name (Target)
	Fluorochrome Conjugate
	Clone No.
	Host Species
	Reactivity
	Dosage
	Supplier	

	CD4
	PerCP-Cyanine5.5
	RM4-5
	Rat IgG2a, κ
	Mouse
	0.25 µg/test
	TONBO 65-0042

	CD8a
	eFluor™ 450
	53-6.7
	Rat IgG2a, κ
	Mouse
	0.25 µg/test
	eBioscience 48-0081-82

	I-Ab ESAT-61-20 Tetramer-PE
	PE
	-
	Mouse
	Mouse
	-
	MBL TS-M707-1

	CD45.1
	APC-eFluor™ 780
	A20
	Mouse IgG2a, κ
	Mouse
	1 µg/test
	eBioscience 47-0453-82

	CD45.2
	APC
	104
	Mouse IgG2a, κ
	Mouse
	0.25 µg/test
	TONBO 20-0454

	CD62L
	APC
	MEL-14
	Rat IgG2a, κ
	Mouse
	0.25 µg/test
	BioLegend 104412

	CD44
	FITC
	IM7
	Rat IgG2b, κ
	Mouse, Human
	0.25 µg/test
	BioLegend
103006

	CCR7
	APC
	4B12
	Rat IgG2a, κ
	Mouse
	1 µg/test
	eBioscience 17-1971-82

	CXCR3
	PE
	
CXCR3-173
	Armenian hamster IgG
	Mouse
	0.5 µg/test
	eBioscience 17-1831-82

	IFN-γ
	FITC
	XMG1.2
	Rat IgG1, κ
	Mouse
	1 µg/test 
	BioLegend 505806 

	IL-4
	PE
	11B11
	Rat IgG1, κ
	Mouse
	0.25 µg/test
	BioLegend
504104

	IL-17a
	APC
	eBio17B7
	Rat  IgG2a, κ
	Mouse,
Rat
	0.125 µg/test
	eBioscience 17-7177-81

	Foxp3
	FITC
	3G3

	Mouse IgG1, κ
	Mouse
	1 µg/test
	TONBO 35-5773

	PD-1
	PE
	RMP1-30
	Rat IgG2b, κ
	Mouse
	0.25 µg/test
	TONBO 50-9981





Supplementary Table 2. List of mouse genes and corresponding primers for qRT-PCR assay.
	No.
	Gene symbol
	Full Name
	Primers (5’ - 3’)

	1
	ACTB
	ACTIN
	F: CATGTGGAGTGAGTGAGTGG
R: CATCACTGAGTGGAGTGAGT

	2
	GAPDH
	GAPDH
	F: CATCACCATCGGAGTGAAGG
R: ATGGCAGGTTTTTCTAGACG

	3
	Rsad2
	Radical S-adenosyl Domain Containing 2
	F: GAAGTTTCATGGTGGCTGCT
R: CAGAGGACCTCTTGTGAGAGC

	4
	IFN-γ
	Interferon Gamma
	F: CAGCAGCGGAAAGAGTTACC
R: TTCCGCTTCCTGAGGCTGG

	5
	JAK1
	Janus Kinase 1
	F: CTCTCTGTCACAACCTCTTCGC
R: TTGGTAAAGTAGAACCTCATGCG

	6
	STAT1
	Signal Transducer and Activator of Transcription 1
	F: TCACAGTGGTTCGAGCTTCAG
R: GCAAACGAGACATCATAGGCA

	7
	STAT4
	Signal Transducer and Activator of Transcription 4
	F: TGGCAACAATTCTGCTTCAAAAC
R: GAGGTCCCTGGATAGGCATGT

	8
	CXCL9
	C-X-C Motif Chemokine Ligand 9
	F: TCCTTTTGGGCATCATCTTCC
R: TTTGTAGTGGATCGTGCCTCG

	9
	AKT1
	AKT Serine/Threonine Kinase 1
	F: ATGAACGACGTAGCCATTGTG
R: TTGTAGCCAATAAAGGTGCCAT

	10
	PKC-θ
	Protein Kinase C Theta
	F: TATCCAACTTTGACTGTGGGACC
R: CCCTTCCCTTGTTAATGTGGG

	11
	Gadd45a
	Growth Arrest and DNA Damage-inducible Protein 45 Alpha
	F: CCGAAAGGATGGACACGGTG
R: TTATCGGGGTCTACGTTGAGC


F: forward primer; R: reverse primer.


Supplementary Table 3. List of antibodies.
	Antibodies
	Antibody Type
	Dosage
	Supplier	

	JAK1
	Mouse 
	1:1000
	Proteintech 66466-1-Ig

	Phospho-JAK1 (Tyr1034/1035)
	Rabbit 
	1:1000
	CST #3331

	JAK2
	Rabbit 
	1:1000
	CST #3230

	Phospho-JAK2 (Tyr1007/1008)
	Rabbit 
	1:1000
	CST #3771

	STAT1
	Mouse 
	1:2000
	Proteintech 10144-2-AP

	Phospho-STAT1 (Ser727)
	Rabbit 
	1:1000
	CST #9167

	STAT4
	Mouse 
	1:5000
	Proteintech 67568-2-Ig

	Phospho-STAT4 (Tyr693)
	Rabbit 
	1:1000
	Affinity #AF3441

	STAT6
	Rabbit 
	1:5000
	Proteintech 82630-1-RR

	Phospho-STAT6 (Tyr641)
	Rabbit 
	1:5000
	Proteintech 86641-1-RR

	T-bet
	Rabbit 
	1:1000
	CST #97135

	Gata-3
	Mouse 
	1:1000
	Proteintech 66400-1-Ig

	PI3 Kinase p85
	Rabbit 
	1:1000
	CST #4292

	Phospho-PI3 Kinase p85(Y458)/P55(Y199)
	Rabbit 
	1:1000
	CST #4228

	AKT (pan)
	Rabbit 
	1:1000
	CST #4691

	Phospho-AKT
	Rabbit 
	1:2000
	CST #4060

	p70 S6 Kinase
	Rabbit 
	1:1000
	CST #34475

	Phospho-p70 S6 Kinase (Thr389)
	Rabbit 
	1:1000
	CST #9205

	PKC-θ
	Rabbit 
	1:1000
	Proteintech 26899-1-AP

	Phospho-PKC-θ (Thr538)
	Rabbit 
	1:1000
	CST #9377

	NF-κB p65
	Rabbit 
	1:1000
	CST #8242

	Phospho-NF-kB p65 (Ser536)
	Rabbit 
	1:1000
	Affinity #AF2006

	Rsad2
	Mouse 
	1:1000
	Proteintech 83563-2-RR

	β-actin
	Mouse 
	1:20000
	CST #4967

	Goat anti-Rabbit IgG (H+L) HRP-conjugated
	Goat anti-Rabbit secondary antibody
	1:2000
	Invitrogen C31460100

	Goat anti-Mouse IgG (H+L) HRP-conjugated
	Goat anti-Mouse secondary antibody
	1:2000

	Invitrogen C31430100


HRP = Horseradish Peroxidase; IgG = Immunoglobulin G, CST = Cell Signaling Technology, UK. 


Supplementary Table 4. Functional annotation of key differentially expressed genes in Rsad2-deficient CD4⁺ T cells
	Category
	Gene 
	Protein/Function
	Change
	Biological Implication

	T cell activation
	Icos
	Inducible T-cell costimulator
	up
	Enhances T cell activation and effector function

	
	Tnfrsf4 (OX40)
	TNF receptor superfamily member 4
	up
	Promotes T cell survival and memory formation

	T cell proliferation / cell cycle	
	Il12rb1
	IL-12 receptor β1 subunit (Th1 differentiation)	
	up
	Promotes Th1 effector differentiation

	
	Cdkn1a (p21)	
	Cyclin-dependent kinase inhibitor 1A	
	up
	Induces G1/S arrest, limits clonal expansion

	Cytokine production /inflammation	
	Tnfaip3 (A20)		
	Deubiquitinating enzyme; negative regulator of NF-κB	
	up
	Restrains excessive inflammatory responses

	
	Clcf1	
	Cardiotrophin-like cytokine factor 1        (IL-6 family)	
	up
	Modulates inflammatory microenvironment

	Apoptosis
	Bbc3 (PUMA)
	BH3-only pro-apoptotic protein	
	down
	Activates MOMP, initiates intrinsic apoptosis

	Mitochondrial metabolism	
	Hspd1 (HSP60)
	Mitochondrial heat shock protein 60	
	down
	Impairs mitochondrial protein folding; increases stress vulnerability
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