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S| Materials and Methods

Reagents and Antibodies. Recombinant IFNy (R&D Systems);
D-galactosamine hydrochloride (p-Gal) (Sigma); peptidoglycan
(PGN) (Sigma); TNFoa and IL-1p (R&D Systems); mouse
monoclonal antibodies against Flag (Sigma), HA (Origene), and
B-actin (Sigma); rabbit monoclonal antibodies against JAKI,
JAK?2 (Abcam), pan phosphotyrosine, IKKf, phosphoserine177-IKKp
(Cell Signaling), phosphotyrosine701-STAT1, phosphoserine727-
STAT1, and STAT1 (Santa Cruz) were purchased from the in-
dicated companies. Rabbit and mouse anti-SNX8 sera were raised
against a recombinant human SNXS8 protein.

Expression Screens. Approximately 10,000 individual human
cDNA expression clones were obtained from Origene, Inc. The
clones (0.1 pg) were individually transfected into 293 cells (1 X
10%) together with the IRF1 promoter reporter plasmid (0.1 pg)
by calcium phosphate precipitation method. Twenty hours after
transfection, cells were left untreated or treated with IFNy
(100 ng/mL) for 12 h, and then dual-specific luciferase assays
were performed.

Constructs. Mammalian expression plasmids for HA- or Flag-
tagged SNX8 and its mutants were constructed by standard
molecular biology techniques.

Transfection and Reporter Assays. The 293 cells were seeded in 24-
well dishes and transfected the following day by standard calcium
phosphate precipitation method. To normalize for transfection
efficiency, pRL-TK (Renilla luciferase) reporter plasmid was
added to each transfection. Luciferase assays were performed
using a dual specific luciferase assay kit (Promega). Firefly lu-
ciferase activities were normalized on the basis of Renilla lucif-
erase activities. All reporter assays were repeated at least three
times. Data shown were average values + SD from one repre-
sentative experiment.

Real-Time PCR. Total RNA was isolated from cells using TRIzol
reagent (TAKARA), reverse transcribed, and subjected to real-
time PCR analysis to measure mRNA levels of tested genes. Data
shown are the relative abundance of the indicated mRNA nor-
malized to that of GAPDH. Gene-specific primer sequences were
as follows:

GAPDH: GACAAGCTTCCCGTTCTCAG (forward) and
GAGTCAACGGATTTGGTGGT (reverse); SNXS: GGTAAG-
CAGGAAGAGAACGACG (forward) and CATCAGGCTG-
TACTTGTGCAGG (reverse); GBPI: TAGCAGACTTCTGT-
TCCTACATCT (forward) and CCACTGCTGATGGCATT-
GACGT (reverse); STATI: ATGGCAGTCTGGCGGCTGAA-
TT (forward) and CCAAACCAGGCTGGCACAATTG (reverse);
CXCL9: CTGTTCCTGCATCAGCACCAAC (forward) and
TGAACCATTCTTCAGTGTAGCA (reverse); CXCL10: GGTGA-
GAAGAGATGTCTGAATCC (forward) and GTCCATCCITG-
GAAGCACTGCA (reverse); IRFI: GAGGAGGTGAAAGACCA-
GAGCA (forward) and TAGCATCTCGGCTGGACTTCGA (re-
verse); SOCSI: TTCGCCCTTAGCGTGAAGATGG (forward) and
TAGTGCTCCAGCAGCTCGAAGA (reverse); Gapdh: ACGGC-
CGCATCTTCTTGTGCA (forward) and ACGGCCAAATCCGT-
TCACACC (reverse); Ghpl: AGATGCCCACAGAAACCCTCCA
(forward) and AAGGCATCTCGCTITGGCTACCA (reverse); Statl:
GCCTCTCATTGTCACCGAAGAAC (forward) and TGGCTGA-
CGTTGGAGATCACCA (reverse); Socsl: AGTCGCCAACG-
GAACTGCTTCT (forward) and GTAGTGCTCCAGCAGCTCG-
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AAA (reverse); Irfl: TCCAAGTCCAGCCGAGACACTA (forward)
and ACTGCTGTGGTCATCAGGTAGG (reverse); Cxcl9: CCTA-
GTGATAAGGAATGCACGATG (forward) and CTAGGCA-
GGTTTGATCTCCGTTC (reverse); Cxcll0: ATCATCCCTGC-
GAGCCTATCCT (forward) and GACCTITTTTTGGCTAAAC-
GCTTTC (reverse); Cxclll: CCGAGTAACGGCTGCGACAAAG
(forward) and CCTGCATTATGAGGCGAGCTTG (reverse); Tnf:
GGTGATCGGTCCCCAAAGGGATGA (forward) and TGGT-
TTGCTACGACGTGGGCT (reverse); 1l6: TCTGCAAGAGACT-
TCCATCCAGTTGC (forward) and AGCCTCCGACTTGTGA-
AGTGGT (reverse); and Il1: AAAGCCTCGTGCTGTCGGACC
(forward) and CAGGGTGGGTGTGCCGTCIT (reverse).

Coimmunoprecipitation and Immunoblot Analysis. The 293 cells or
THP1 cells were lysed in 1 mL Nonidet P-40 lysis buffer (20 mM
Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1% Nonidet P-40, 10 pg/mL
aprotinin, 10 pg/mL leupetin, and 1 mM phenylmethylsufonyl
fluoride). For each immunoprecipitation, a 0.4-mL aliquot of ly-
sate was incubated with 0.5-2 pg of the indicated antibody or
control IgG and 25 pL of a 1:1 slurry of Protein-G Sepharose (GE
Healthcare) for at least 2 h. The Sepharose beads were washed
three times with 1 mL of lysis buffer containing 500 mM NaClL
The precipitates were fractionated on SDS/PAGE, and immuno-
blot analysis was performed following standard methods.

RNAi. Double-stranded oligonucleotides corresponding to the
target sequences were cloned into the pSuper-Retro RNAi
plasmid (Oligoengine). The following sequences were targeted
for human SNX8 cDNA: no. 1 (5'-CGGCAGATCTTCTCA-
TATT-3") and no. 2 (5'-CGGCAGATCTTCTCATATT-3).

RNAi-Transduced THP1 Cells. The 293 cells were transfected with
two packaging plasmids, pGag-Pol (10 pg) and pVSV-G (3 pg)
and control or SNX8-RNAI retroviral plasmid (10 pg) by calcium
phosphate precipitation. Cells were washed 12 h after trans-
fection and new medium without antibiotics was added for an
additional 24 h. The recombinant virus-containing medium was
filtered and used to infect THP1 cells in the presence of poly-
brene (4 pg/mL). The infected THP1 cells were selected with
puromycin (0.5 pg/mL) for 2 wk before additional experiments
were performed.

CRISPR-Cas9 Knockout. Double-stranded oligonucleotides corre-
sponding to the target sequences were cloned into the lenti-
CRISPR-V2 vector and cotransfected packaging plasmids into
293 cells. Lentiviral particles were collected and used to transduce
HelLa cells. The infected HeLa cells were selected with puromycin
(1 pg/mL) for 2 wk before additional experiments were per-
formed. The following sequences were targeted for human
SNX8 c¢DNA: no. 1 (5'-GGGCAGGCACCATACGGTAG-3")
and no. 2 (5'-GACCTGCTGCACGATGGCCT-3’); human JAK1
c¢DNA: no. 1 (5-GCTGCCTCGAAGAAGGCCTG -3’) and no. 2
(5'-GAGGTACACGATGTGTTTGT-3’); and human IKKp
cDNA: no. 1 (5-GGCTGCCCGAGATGTCCCTG -3’) and no. 2
(5’-GCCCCCGGAACCGAGAGCGG-3).

RNA-Seq. Cells were left untreated or treated with IFNy for 6 h
then RNAs were extracted using standard methods and cDNA
libraries were prepared using the Illumuna TruSeq RNA Sample
Preparation Kit. Sequencing was carried out by Illumina HiSEq.
4000. Following sequencing, BAM files were converted to
merged, demultiplexed FASTQ files and mapped to the Uni-
versity of California Santa Cruz (hgl9) human transcriptome.
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Fragments per kilobase of transcript per million mapped reads
(FPKM) scores were computed in our analysis. The cutoff for
significant changes of mRNA levels was set for twofold.

ELISA. BMDMs and BMDCs were stimulated with IFNy for 18 h.
The culture media were collected for measurement of CXCL9
and CXCL10 by ELISA.

Flow Cytometry. The spleen, thymus, and peripheral lymph nodes
were obtained from Snx8** and Snx8~'~ mice, and single-cell
suspensions were prepared. After depletion of red blood cells
by ammonium chloride, cells were subject to staining with the
indicated antibodies for 30 min followed by flow analysis. The
antibodies used in this study were CD4-PerCP (1:200, 553052;
BD), CD8-PB (1:200, 558207; BD), CD3-FITC (1:500, 561801,
BD), B220-APC (1:200, 553092; BD) and CD25-FITC (1:500,
553072; BD).

Listeria monocytogenes Infection in Mice. Mice were infected with
L. monocytogenes i.p. The viability of the infected mice was
monitored for 12 d. The mouse sera were collected at 6 h after
infection to measure cytokine production by ELISA. All animal
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experiments were performed in accordance with the Wuhan
University Medical Research Institute animal care and use
committee guidelines.

Mouse PGN Injection. Mice were injected intraperitoneally with
PGN (15 pg/g body weight) plus p-galactosamine (1 mg/g body
weight). The mouse sera were collected at 3 h after injection to
measure cytokine production by ELISA.

Cell Fractionation Assays. HeLa cells (4 x 107) left untreated or
treated with IFNy for the indicated times were washed with PBS
and lysed by douncing 20 times in 2 mL. homogenization buffer
[10 mM Tris-HCl (pH 7.4), 2 mM MgCl2, 10 mM KCl, and
250 mM sucrose]. The homogenate was centrifuged at 500 X g
for 10 min, and the pellet was saved as crude nuclei. The su-
pernatant was saved as cytosol.

Statistical Analysis. Student’s ¢ test was used for statistical analysis
with Microsoft Excel and GraphPad Prism Software. For the
mouse survival study, Kaplan—-Meier survival curves were gen-
erated and analyzed by log-rank test; P < 0.05 was considered
significant.
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Generation and analysis of SNX8-deficient mice. (A) Schematic representation of wild-type Snx8 locus shows its exons (boxes) and introns (lines). The

Snx8 locus was disrupted by the indicated targeting vector. Ten nucleotides were deleted in the second exons of Snx8, resulting in the loss of SNX8 expression.
(B) Immunoblot analysis of SNX8 protein levels in MLFs and MEFs of Snx8*"* and Snx8~~ mice. (C) Genotypes of the offspring from the breeding of Snx8
heterozygous mice. (D) Cells from thymus, spleen, and peripheral lymph nodes were analyzed by FACS after staining with the indicated antibodies.
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Fig. S2. SNX8 is essential for IFNy-triggered signaling in murine cells. (A) Effects of SNX8 deficiency on IFNy-induced transcription of the indicated genes in
BMDMs and BMDCs. The indicated cells were untreated or treated with IFNy (100 ng/mL) for the indicated times before qPCR experiments were performed
(**P < 0.01, *P < 0.05). (B) Effects of SNX8 deficiency on IFNy-induced secretion of CXCL9 and CXCL10 in BMDMs and BMDCs. The cells were untreated or
treated with IFNy (100 ng/mL) for 18 h. The culture media were collected for quantization of the indicated chemokines by ELISA (**P < 0.01, *P < 0.05).
(C) Effects of SNX8 deficiency on IFNy-induced phosphorylation of STAT1 in BMDMs and BMDCs. The cells were untreated or treated with IFNy (100 ng/mL) for
the indicated times, and immunoblots were performed with the indicated antibodies.
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Fig. $3. SNX8 and IKKB mediate transcription of overlapping genes induced by IFNy. (A) IKKp is required to activate a subset of IFNy-stimulated genes. The
IKKp~'~ cells reconstituted with IKKp or empty vector were left untreated or treated with IFNy for the indicated times before qPCR experiments were per-
formed (**P < 0.05). (B) Effects of IKKp deficiency on the phosphorylation of STAT1 induced by IFNy. The IKKj5~'~ cells reconstituted with IKKp or empty vector
were left untreated or treated with IFNy for the indicated times before immunoblot analysis was performed. (C) Immunoblot analysis of JAK1, IKKg, and
SNX8 protein levels in the wild-type and knockout cells. JAK1-, IKKf-, and SNX8-deficient HelLa cells were constructed by CRISPR-Cas9 procedures. (D) Venn
diagram schematic of JAK1-, SNX8-, and IKKB-mediated genes induced by IFNy (E) Heat map of hierarchical clustering analysis of RNA-sequencing data from
IFNy-induced JAK1-deficient, SNX8-deficient, IKKp-deficient, or wild-type Hela cells. Cells were left untreated or treated with IFNy for 6 h before RNA-
sequencing analysis. Fold induction is based on relative level to that in unstimulated wild-type cells. Data were clustered by Euclidean distance algorithm.
(F) Select list of IFNy-induced genes. A subset of IFNy-induced genes was down-regulated in all three groups, whereas a part of IFNy-induced genes were down-
regulated in JAK1-deficient but not SNX8- and IKKp-deficient cells.
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Fig. S4.

Effects of p65-deficiency on IFNy-triggered signaling. (A) Effects of p65 deficiency on TNFa-induced transcription of downstream genes. MEFs were
left untreated or treated with TNFa for 3 h before qPCR experiments were performed. (B) Effects of p65 deficiency on IFNy-induced transcription of down-
stream genes. MEFs were left untreated or treated with IFNy for the indicated times before qPCR experiments were performed. (C) Effects of p65 deficiency on
IFNy-induced phosphorylation of STAT1. MEFs were left untreated or treated with IFNy for the indicated times before immunoblot analysis was performed.
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Fig. S5.

Effects of SNX8 deficiency on PGN-induced signaling. (A) Effects of SNX8 deficiency on PGN-induced transcription of downstream genes. BMDCs were

left untreated or treated with PGN (50 pg/mL) for the indicated times before qPCR experiments were performed. (B) Effects of SNX8 deficiency on PGN-induced
phosphorylation of IKKB and IkBa. BMDCs were left untreated or treated with PGN (50 ug/mL) for the indicated times before immunoblot analysis was per-
formed. (C) Effects of SNX8 deficiency on serum levels of TNFa and IL-6 induced by i.p. injection of mice with PGN plus p-gal for 3 h.
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Fig. S6. Effects of SNX8 or JAK1 deficiency on the phosphorylation of STAT1 induced by IFNy. (A) Effects of JAK1 deficiency on the phosphorylation of
STAT1 induced by IFNy. Hela cells were left untreated or treated with IFNy (100 ng/mL) for the indicated times before cell fractionation assays and immunoblot
analysis were performed. (B) Effects of SNX8 deficiency on the phosphorylation of STAT1 induced by IFNy. HelLa cells were left untreated or treated with IFNy
(100 ng/mL) for the indicated times before cell fractionation assays and immunoblot analysis were performed.

Wei et al. www.pnas.org/cgi/content/short/1713462114 70f7


www.pnas.org/cgi/content/short/1713462114

