Supplementary Figures

[image: image8.png]Gene Direction Sequence 5’-to-3’

18S Forward CGGCTACCACATCCAAGGAA

18S Reverse GCTGGAATTACCGCGGCT
Mus-ZFP91 Forward AGCTCTAGGTCCAAGACTGGCT
Mus-ZFP91 Reverse CGGGAGACTGATGTTCTTCTGG
Human-ZFP91 Forward GCCATCGTGATACAGAGAACACC
Human-ZFP91 Reverse CTAATGCCACCTGGAGACTGATG
Human-PRDM9 Forward ACGAAGAGGCAGCCAACAATGG
Human-PRDM9 Reverse GCCACCAGGTTCTGCTCTTCAT
RSV-M2-1 Forward AAGTGGAGCTGCAGAGTTGG
RSV-M2-1 Reverse GTGAGGAGTTTGCTCATGGC
RSV-N Forward CATGTAGCAAATACACCATCCA
RSV-N Reverse TTCTGCACATCATAATTAGGAGTATCAA
RSV-B-M2-1 Forward TCCATCTGCTCAAACGATTACCA
RSV-B-M2-1 Reverse GACTCTTTTGGGTTGCTTATGGT
RSV-B-N Forward TATGGTTCAGGACAAGTAATGC
RSV-B-N Reverse CTTGCTCCATTTCTGCTTGGA





Fig. S1. PRDM9 contributes to the RSV-induced upregulation of ZFP91.
(A) PRDM9 mRNA levels in Hep2 cells infected with RSV at the indicated time points were measured by RT-qPCR. Expression levels were normalized to 18S rRNA and are presented as fold change relative to the 0 h group, which served as the uninfected control. (B) Western blot analysis of PRDM9 protein levels in Hep2 cells infected with RSV at the indicated time points. The 0 h group served as the uninfected control. (C) HEK293T cells were co-transfected with the ZFP91 promoter-driven luciferase reporter plasmid (pZFP91-Luc), an empty vector or the PRDM9 expression plasmid (pPRDM9), and the pRL-TK Renilla control plasmid. ZFP91 promoter activity was measured 24 h after transfection using a dual-luciferase reporter assay. (D) PRDM9 and ZFP91 mRNA levels were measured by RT-qPCR in Hep2 cells transfected with control siRNA or siPRDM9 for 24 h, followed by RSV infection for 48 h. Expression levels were normalized to 18S rRNA and are presented as fold change relative to the siCon without RSV infection group. (E) Western blot analysis of PRDM9 and ZFP91 protein levels in Hep2 cells transfected with control siRNA or siPRDM9 for 24 h, followed by RSV infection for 48 h. Statistical significance in (A) was determined by one-way ANOVA followed by Dunnett’s multiple comparisons test. Statistical significance in (C) was determined by an unpaired, two-tailed Student’s t-test. Statistical significance in (D) was determined by two-way ANOVA followed by Sidak’s multiple comparisons test. ns: not significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Data are representative of three independent experiments.
[image: image2.png]Relative RSV-B M2-1 mRNA level

Relative RSV-B M2-1 mRNA level

(fold change)

(fold change)

o
&
1

N
[&)]
1

N
o
1

Hep2
3k %k %k k

Vector ZFP91

2.0

1.5

Hep2
%k %k

r

siCon siZFP91

Relative RSV-B N mRNA level

Relative RSV-B N mRNA level

(fold change

N
o

)
o

°
o
1

—

(fold change

-
o
1

e
(6]
1

Hep2
3k % %k %k

Vector ZFP91

2.5
2.0 4
1.5 1
1.0 H
0.5 1

0.0 -

Hep2
%k %k

r.

siCon siZFP91

Flag-ZFP91 - +
RSV-B + +

ZFP91 —

—70

M2-1 |- -

—25

N | s

|40

B-actin EI_ 40

Hep2

SiZFPO1 -+
RSV-B + +

ZFP91[e= =] 79
M2-1 [88}—25
N[(==]-40

B-actin El_m

Hep2




Fig. S2. ZFP91 regulates RSV subtype B replication.
(A) Hep2 cells transfected with vector or Flag-ZFP91 for 24 h were infected with RSV subtype B for 48 h. RSV-B M2-1 and N mRNA levels were measured by RT-qPCR, normalized to 18S rRNA, and expressed as fold change relative to the vector group. (B) Western blot analysis of RSV-B M2-1 and N protein levels in Hep2 cells transfected with vector or Flag-ZFP91 for 24 h, followed by RSV subtype B infection for 48 h. (C) Hep2 cells transfected with control siRNA or siZFP91 for 24 h were infected with RSV subtype B for 48 h. RSV-B M2-1 and N mRNA levels were measured by RT-qPCR, normalized to 18S rRNA, and expressed as fold change relative to the siCon group. (D) Western blot analysis of RSV-B M2-1 and N protein levels in Hep2 cells transfected with control siRNA or siZFP91 for 24 h, followed by RSV subtype B infection for 48 h. Statistical significance in (A) and (C) was determined by an unpaired, two-tailed Student’s t-test; ns: not significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Data are representative of three independent experiments.
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Fig. S3. Additional validation of ZFP91-mediated regulation of M2-1 and substrate specificity.

(A) HEK293T cells were co-transfected with Myc-RSV-B-M2-1 and increasing amounts of Flag-ZFP91 for 48 h, and RSV-B M2-1 protein levels were analyzed by Western blotting. (B) HEK293T cells were co-transfected with Myc-RSV-B-M2-1 and control siRNA or siZFP91 for 48 h, and RSV-B M2-1 protein levels were analyzed by Western blotting. (C) HEK293T cells were co-transfected with Myc-M2-1 or Myc-M together with Flag-ZFP91 for 48 h; corresponding vector-only controls were included. Cell lysates were immunoprecipitated with anti-Flag magnetic beads and immunoblotted with the indicated antibodies to assess whether ZFP91 associates with RSV M2-1 and the RSV M protein. (D) HEK293T cells were co-transfected with Myc-M and increasing amounts of Flag-ZFP91 for 48 h, and M protein levels were analyzed by Western blotting. (E) HEK293T cells were co-transfected with Myc-N together with Flag-ZFP91 for 48 h, with the corresponding vector-only control groups included. Cell lysates were immunoprecipitated with anti-Flag magnetic beads and then immunoblotted with the indicated antibodies to examine whether ZFP91 associates with the RSV N protein. (F) HEK293T cells were co-transfected with Myc-N and increasing amounts of Flag-ZFP91 for 48 h, and N protein levels were analyzed by Western blotting. Data are representative of three independent experiments.
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Fig. S4. ZFP91 associates with RSV-B M2-1 and promotes its ubiquitination.
(A) HEK293T cells were co-transfected with Myc-RSV-B-M2-1 and Flag-ZFP91 for 48 h, with the corresponding vector-only control groups included. Cell lysates were immunoprecipitated with anti-Myc magnetic beads and then immunoblotted with an anti-Flag antibody to examine the association between ZFP91 and RSV-B M2-1. (B) HEK293T cells were co-transfected with Myc-RSV-B-M2-1, Flag-ZFP91, and HA-Ub for 48 h. Cell lysates were immunoprecipitated with anti-Myc magnetic beads and then immunoblotted with an anti-HA antibody to assess the ubiquitination of RSV-B M2-1. Data are representative of three independent experiments.
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Fig. S5. Generation and validation of the ZFP91flox/flox Scgb1a1-IRES-Cre mouse model.

(A) Construction strategy of ZFP91flox/flox mice. (B) Mouse tail DNA PCR identification of ZFP91flox/flox Scgb1a1-IRES-Cre mice. WT: wild-type mice, cKO: ZFP91flox/flox Scgb1a1-IRES-Cre mice. (C) ZFP91 mRNA levels in lung tissues from WT and cKO mice were measured by RT-qPCR, normalized to 18S rRNA, and expressed as fold change relative to the WT group. (D) Western blot analysis of ZFP91 protein levels in lung tissues from WT and cKO mice. Statistical significance in (C) was determined by an unpaired, two-tailed Student’s t-test; ns: not significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Data are representative of three independent experiments.
[image: image5.png]+

Flag-ZFP91 + - + B Flag-ZFP91

Myc-RSV-B-M2-1 - + + Myc-RSV-B-M2-1 + +
. HA-UB + +
2|'® Flag —__==1100 B: _
s 05 : _'|—180
I -
- >
Fog @Bl 100 = 100
5 Q
£ Myc 25
. vo [l
“—180
—130
HA 100

Input

Myc [ ej—25
B-actin [we we] 4o




Table S1. E3 ubiquitin ligases identified by IP-MS in Myc-M2-1 and empty-vector control groups.
[image: image6.png]Myc-M2-1 Vector
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Coverage (%) | Peptides Coverage (%) | Peptides

ZFP91 33 15 0 0
STUBI 10 3 0 0
ARIH2 6 2 0 0
RNF149 6 2 0 0
TRIM25 5 3 0 0
TRIM21 4 1 39 22
ZNF598 3 2 4 3
RING1 3 1 0 0
ARIH1 3 1 0 0
UHRF1 1 1 0 0
RNF20 1 1 0 0
UHREF2 1 1 0 0
MID1 1 1 0 0
RNF114 0 0 31 8
RNF138 0 0 30 7
HERC2 0 0 1 4
MKRN2 0 0 11 4
MEX3C 0 0 1 1
RBBP6 0 0 1 2




Table S2. Sequences of human ZFP91 and PRDM9 siRNAs.
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siZFP91 Forward GAACUCAGAUAUACUCGGUTT
siZFP91 Reverse ACCGAGUAUAUCUGAGUUCTT
siPRDM9 Forward GAGUGACAGCGUAACACCTT
siPRDM9 Reverse GGUGUUACGCUGUCACUCTT




Table S3. Sequences of primers used in RT-qPCR.

