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Porcine reproductive and respiratory syndrome
virus upregulates SMPDL3B to promote viral
replication by modulating lipid metabolism

Huan-Huan Shen,’3 Qin Zhao," Yi-Ping Wen," Rui Wu," Sen-Yan Du," Xiao-Bo Huang," Xin-Tian Wen,'

San-Jie Cao," Lei Zeng,?” and Qi-Gui Yan'*

SUMMARY

Porcine reproductive and respiratory syndrome virus (PRRSV) poses a severe
threat to the health of pigs globally. Host factors play a critical role in PRRSV
replication. Using PRRSV as a model for genome-scale CRISPR knockout (KO)
screening, we identified a host factor critical to PRRSV infection: sphingomyelin
phosphodiesterase acid-like 3B (SMPDL3B). Our findings show that SMPDL3B
restricted PRRSV attachment, entry, replication, and secretion and that its deple-
tion significantly inhibited PRRSV proliferation, indicating that SMPDL3B plays a
positive role in PRRSV replication. Our data also show that SMPDL3B deficiency
resulted in an accumulation of intracellular lipid droplets (LDs). The expression
level of key genes (ACC, SCD-1, and FASN) involved in lipogenesis was increased,
whereas the fundamental lipolysis gene, ATGL, was inhibited when SMPDL3B
was knocked down. Overall, our findings suggest that SMPDL3B deficiency can
effectively inhibit viral infection through the modulation of lipid metabolism.

INTRODUCTION

Porcine reproductive and respiratory syndrome (PRRS) is a highly contagious viral disease that affects pig.'
PRRS is characterized by reproductive disorders in sows and respiratory diseases in pigs, especially piglets.
Reproductive disorders in sows manifest as premature delivery, abortion, stillbirth, mummified fetuses, and
weak litters.” Respiratory symptoms include cough, sneezing, and dyspnea.® © PRRS virus (PRRSV) is a mem-
ber of the arteriviridae family (Nidovirales) and is an enveloped, single-stranded RNA virus.” PRRSV can be
divided into two types based on antigenicity, genome, and pathogenicity: European type and American
type (also known as type 1 and type 2).“®7 PRRSV primarily infects pulmonary alveolar macrophages
(PAMs) in vivo due to its highly restricted cellular tropism.m'H The host factor, CD163, is essential for
PRRSV replication.'*'* While vaccine protection is currently the primary strategy for PRRSV defense, its
efficacy is limited."”

Sphingomyelin phosphodiesterase acid-like 3B (SMPDL3B) is an enzyme belonging to the sphingomyeli-
nase family known to play a critical role in the breakdown of sphingomyelin.'®'” Sphingomyelin phospho-
diesterase 1/acid sphingomyelinase is involved in the conversion of sphingomyelin to ceramide and
phosphorylcholine.'®'” Ceramide is known to regulate cellular responses, including growth arrest, senes-
cence, apoptosis, and, more recently, autophagy.””** It has been suggested that SMPDL3B may also be
involved in these cellular activities, and recent studies have confirmed that SMPDL3B promotes cellular
growth, invasion, and migration.”® As a glycosylphosphatidylinositol (GPI)-anchored lipid raft SMPD, it
comprises an N-terminal signal peptide (amino acid [aa] 1-18), a central metal phosphodiesterase domain
(aa 23-323), and a C-terminal GPI membrane anchor.”* SMPDL3B plays a key role in multiple essential
cellular processes. A defect in SMPDL3B has been shown to partially restore cell survival and confer radio-
protection,”” and its defects affect Toll-like receptor (TLR)-mediated innate immunity in macrophages.”
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Figure 1. Genome-wide CRISPR screening was used to identify genes associated with PRRSV replication

(A) PigGeCKO library was used to identify the PRRSV host factors in pig cells. 3D4/21-CD163 cells were transformed and
screened with puromycin (45 pg/ul). Transformed 3D4/21-CD163-Cas9 cells were challenged with PRRSV at an MOI =
0.01. Surviving cells from each round of viral challenge were isolated, amplified by PCR and sgRNA sequenced to identify
the genes associated with PRRSV replication.

(B) The enrichment of sgRNA. Enrichment analysis of high-ranking sgRNA from panel A.

(C) The knockdown efficiency of KCNC2, MGAT5B, FGF10, GPS2, and SMPDL3B was detected by RT-qPCR. RNA was
extracted from the cells and values were normalized to the mRNA levels of B-actin (ACTB). The data represent the
means +/— standard errors of the means from three independent experiments. **p < 0.01, ***p < 0.001 (by an unpaired
two-tailed t-test). The data represent the means +/— standard errors of the means from three independent experiments.
(D) Functional verification of candidate host factors. Fluorescent microscopy and FACS analysis of PRV-GFP (MOI = 10)
proliferation in 3D4/21-CD163 and deficient cells for 36 h. Scale bar: 400 um.

(E) GFP-positive cells from panel D.

(F) The levels of PRRSV-N protein expression were analyzed by immunoblotting in knockdown cells. Cells were infected
with PRRSV-JXA1-R at an MOI of 0.1. Antibodies used are indicated on the left.

PRV-GFP VSV-GFP

sh-SMPDL3B sh-control
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Figure 1. Continued

(G) Functional verification of SMPDL3B. Fluorescent microscopy analysis of PRV-GFP or VSV-GFP (MOI = 10) proliferation
in sh-SMPDL3B stably expressed cells for 36 h. Scale bar: 400 um.

(H) Fluorescence intensities of GFP from panel G.

Lipid metabolism comprises two distinct processes: fatty acid B-oxidation and lipid synthesis. Key lipogenic
genes, such as acetyl-CoA carboxylase 1 (ACC1), fatty acid synthase (FASN), and stearoyl-CoA
desaturase-1 (SCD-1),%” and key lipolysis genes including triglyceride lipase (ATGL), hormone-sensitive
lipase (HSL), and monoglyceride lipase (MGL)®*® are involved in these processes. Lipid droplets (LDs)
play a crucial role in various stages of the viral life cycle, including attachment, entry, replication, assembly,
and secretion.”’*? LDs facilitate the replication of PRRSV by downregulating the expression of N-myc
downstream-regulated gene 1.7 Additionally, lipid rafts are known to be involved in many vital intracellular
biochemical processes and play a significant role in PRRSV infection.®® Furthermore, fatty acids, essential
lipids, regulate PRRSV infection. Cholesterol 25-hydroxylase, another vital lipid, inhibits PRRSV

replication.®

In this study, genome-scale CRISPR screening identified the host factors associated with PRRSV infection.
SMPDL3B was identified as an essential candidate host factor for PRRSV replication. We demonstrated that
a deficiency in SMPDL3B inhibited PRRSV replication, whereas SMPDL3B overexpression promoted its
replication. Moreover, SMPDL3B deficiency inhibited PRRSV attachment, entry, replication, assembly,
and secretion. SMPDL3B deficiency increased cellular LDs by promoting lipid synthesis and inhibiting lipid
lipolysis. Intriguingly, SMPDL3B deficiency also inhibited the replication of vesicular stomatitis virus (VSV)
and pseudorabies virus (PRV).

RESULTS

Genome-scale CRISPR screening identified host factors associated with PRRSV infection

To identify the host factors involved in PRRSV replication, we generated a collection of porcine genome-
scale CRISPR-Cas9 knockout (PigGeCKO) cells on a PAM background and conducted genome-wide
loss-of-function genetic screening. Prior to screening, we isolated and identified nine strains of PRRSV,
all of which were found to be HP-PRRSV. We examined PRRSV-induced cell death following infection at
various multiplicity of infection (MOI) values (0.001, 0.01, 0.1, and 1) and identified the optimal titer for
PRRSV-induced cell death in PAM cells (MOl = 0.01). We then performed three rounds of screening to
identify predisposing factors that regulate PRRSV-induced host cell death. The overall PigGeCKO
screening strategy is shown in Figure TA. The number of sgRNA copies theoretically indicates that the
gene knockout confers strong resistance to PRRSV-induced 3D4/21-CD163 cell death without affecting
cell growth. Among the positive selection CRISPR screening, the sgRNA enrichment result shows that
SMPDL3B is the top enriched gene (Figure 1B). To assess the impact of highly enriched genes on PRRSV
replication, cells were infected with PRRSV-GFP for 36 h (MOI = 10). Our results demonstrated that five
candidate genes can be knocked down and the knocked-down cells can significantly inhibit the replication
of PRRSV (Figures 1C-1E), Oligonucleotides were shown in Table 1. Surprisingly, we observed that a
knockdown of SMPDL3B also inhibited PRRSV, VSV, and PRV replication (Figures 1F and 1G). Overall,
our CRISPR-based screening strategy successfully identified multiple candidate host factors involved in
PRRSV replication, and demonstrated that SMPDL3B was an essential host factor for PRRSV replication.

Expression profile of SMPDL3B

SMPDL3B is a lipid-modifying enzyme that converts sphingomyelin to ceramide in the cell membrane and
regulates signaling by altering cell membrane fluidity. In this study, we aimed to determine the presence of
SMPDL3B in different species by verifying the expression of the SMPDL3B protein in MARC-145, 293T/17,
PAM, and L929 cells through western blot analysis (Figure 2A). Our results demonstrate that SMPDL3B was
present in these cell lines, suggesting that it is widely distributed among different species.

PRRSV primarily infects the lung, which is the main phagocytic tissue of pigs. To investigate the level of
SMPDL3B mRNA expression in different pig tissues, we employed semiquantitative RT-PCR (RT-gPCR).
The analysis revealed that the white adipose tissue exhibited the highest level of SMPDL3B mRNA (Fig-
ure 2B), Oligonucleotides were shown in Table 2. This finding suggests that SMPDL3B may be associated
with lipogenesis and lipolysis. The lung tissue of the pigs exhibited the second-highest level of SMPDL3B
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A &) Figure 2. Analysis of SMPDL3B expression
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mRNA (Figure 2B), which may explain why PRRSV is more likely to infect the lungs and why the viral load is

higher in the lungs compared to that in other pig tissues and organs.>”

PRRSYV infection upregulates SMPDL3B expression

To investigate the impact of PRRSV infection on SMPDL3B expression, primary PAM and MARC-145 cells
were infected with HP-PRRSV and LP-PRRSV and treated for different time periods. HP-PRRSV infection of
MARC-145 cells led to a gradual increase in the level of SMPDL3B mRNA (Figure 3A), whereas HP-PRRSV
infection of PAM cells resulted in a similar increase in SMPDL3B mRNA expression (Figure 3B), Oligonucle-
otides were shown in Table 2. Using a SMPDL3B-specific antibody, the level of SMPDL3B protein expres-
sion was detected, revealing a gradual increase, consistent with the SMPDL3B mRNA results (Figure 3C).
LP-PRRSV was also inoculated into PAM and MARC-145 cells at different time points, leading to a gradual
increase in the level of SMPDL3B mRNA and protein expression compared to the blank control group
(Figures 3D-3F), Oligonucleotides were shown in Table 2. Overall, the results indicate that both HP-
PRRSV and LP-PRRSV infection of PAM and MARC-145 cells could promote an increase in the level of
SMPDL3B mRNA and protein expression. This phenomenon was also confirmed by immunofluorescence
using confocal microscopy, which revealed that the level of SMPDL3B protein expression in PRRSV-positive
cells (Figure 3G, white dotted line) was significantly increased compared to adjacent PRRSV-negative cells
(Figure 3G, asterisks), albeit this was not visible to the naked eye. These results are consistent with previous
studies that demonstrated that PRRSV infection could increase the level of SMPDL3B mRNA and protein
expression.

SMPDL3B knockdown reduces PRRSV replication

To investigate the impact of SMPDL3B on PRRSV replication and proliferation, lentivirus-mediated short
hairpin RNAs were employed to stably knock down SMPDL3B expression. RT-qPCR analysis revealed a
significant reduction in the level of SMPDL3B mRNA expression in the Stable Knockout Cell Line compared
to normal cells, indicating that the knockdown efficiency was successful (Figure 4A). The western blot re-
sults were consistent with RT-gPCR data, showing a marked decrease in SMPDL3B protein levels in the
stably knocked down SMPDL3B cell line (Figure 4B). Furthermore, cell viability assessed using a cell count-
ing kit demonstrated that the knockdown of SMPDL3B did not impact PAM cell growth within 96 h
(Figure 4C).
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Figure 3. PRRSV infection increases the level of SMPDL3B mRNA and protein expression

(A) The level of SMPDL3B mRNA expression was detected in MARC-145 cells for the indicated time points by RT-qPCR.
(MARC-145 cells infected with PRRSV-JXA1-R at an MOI of 0.1 for the indicated time points). RNA was extracted from
MARC-145 cells at the indicated times. Values were normalized to the level of B-actin (ACTB) mRNA. Data represent
means +/— standard errors of the means from three independent experiments. ***p < 0.001 (an unpaired two-tailed
t-test).

(B) SMPDL3B mRNA levels were detected in PAM cells for the indicated time points by RT-gPCR. (PAM cells infected with
PRRSV-JXA1-R at an MOl of 0.1 for the indicated time points). RNA was extracted from PAM cells at the indicated time
points. ***p < 0.001 (an unpaired two-tailed t-test). ***p < 0.001 (an unpaired two-tailed t-test).

(C) The levels of SMPDL3B and PRRSV-N protein expression were analyzed by immunoblotting in PRRSV-infected PAM
cells at different time points. Cells were infected with PRRSV-JXA1-R at an MOl of 0.1 and harvested at the indicated time
points. Antibodies used are indicated on the left. (SMPDL3B: Rabbit anti-SMPDL3B antibody; PRRSV-N: Rabbit anti-
PRRSV-N antibody; B-actin: Sheep anti-rabbit antibody).

(D) SMPDL3B mRNA levels were detected in MARC-145 cells for the indicated time points by RT-gPCR. Cells were
infected with PRRSV-VR2332 at an MOl of 0.1 and RNA was extracted at the indicated time points. *p < 0.05, ***p < 0.001
(an unpaired two-tailed t-test).
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Figure 3. Continued

(E) The expression of SMPDL3B mRNA was analyzed by RT-gPCR in PRRSV-infected PAM cells at different time points.
Cells were infected with PRRSV-VR2332 at an MOl of 0.1 and RNA was extracted at the indicated times. ns, not significant
*p < 0.05, ***p < 0.001 (an unpaired two-tailed t-test).

(F) The levels of SMPDL3B protein expression and PRRSV-N were analyzed by immunoblotting in PRRSV-infected PAM
cells at different time points. Cells were infected with PRRSV-VR2332 at an MOl of 0.1 and harvested at the indicated time
points. The used antibodies are indicated on the left (SMPDL3B: Rabbit anti-SMPDL3B antibody; PRRSV-N: Rabbit anti-
PRRSV-N antibody; B-actin: Sheep anti-rabbit antibody).

(G) SMPDL3B staining was increased in PRRSV-infected cells. MARC-145 cells were infected with PRRSV-JXA1-R atan MOI
of 0.01 for 48 h, fixed, and stained with antibodies against PRRSV-N (green) and SMPDL3B (red). Infected cells are
highlighted by white dotted lines, and uninfected cells are indicated by asterisks.

To confirm the effect of a SMPDL3B deficiency on PRRSV replication, we infected 3D4/21-CD163 and
SMPDL3B-deficient cells with HP-PRRSV for 48 h. RT-qPCR analysis of the isolated virus revealed that
SMPDL3B deficiency significantly reduced the level of PRRSV-ORF7 compared to the control group (Fig-
ure 4D), indicating that a SMPDL3B deficiency can significantly inhibit PRRSV replication. SMPDL3B serves
as an anti-inflammatory receptor, negatively regulating the innate immune response.*® In our experiment,
we validated that knocking down SMPDL3B can promote the expression of innate immune (Figures 4E-4H)
(Oligonucleotides were shown in Table 2) due to the enhanced cytokine expression, which resulted in sup-
pression of infection.?” This may also be one of the reasons why PRRSV replication is suppressed. Western
blot results further showed that the level of PRRSV-N protein expression in the SMPDL3B knockdown group
was significantly lower than that in the control group (Figures 41 and 4J), supporting the notion that PRRSV
replication was significantly inhibited in the SMPDL3B deficiency group. We measured the proliferation
curve of PRRSV in 3D4/21-CD163 and SMPDL3B deficiency cells and found that the proliferation of
PRRSV was significantly reduced in SMPDL3B-deficient cells (Figure 4K). The reduction in PRRSV produc-
tion was confirmed by measuring the viral titer in SMPDL3B-deficient cells (Figure 4L). These data collec-
tively suggest that SMPDL3B deficiency inhibits PRRSV replication in 3D4/21-CD163 cells. This being the
case, would that happen in MARC-145 cells? As shown in Figures 4M and 4N, the level of SMPDL3B and
PRRSV mRNA was significantly reduced in SMPDL3B-deficient MARC-145 cells sh-control cells, indicating
that SMPDL3B deficiency inhibits PRRSV replication in MARC-145 cells. Western blot results further showed
that the level of PRRSV-N protein expression in SMPDL3B-deficient MARC-145 cells was significantly lower
(Figure 40). There is no significant difference in the expression level of SmpdI3b mRNA in SMPDL3B-rescue
cell and sh-control cells (Figure 4P). Western blot results were consistent with RT-qPCR data (Figure 4Q),
suggesting that we performed a successful SMPDL3B rescue efficiency. There was no significant difference
in the mRNA level of PRRSV in SMPDL3B-rescue cell and sh-control cells (Figure 4R); western blot results
were consistent with RT-gPCR data (Figure 4S). These results suggested that SMPDL3B-rescue can restore
the promoting effect of SMPDL3B on PRRSV replication (Figures 4P-4S), and the FACS analysis result of
PRRSV-GFP in SMPDL3B-rescue cells or sh-control cells was consistent with this conclusion (Figure 4T).
These data collectively suggest that SMPDL3B knockout inhibits PRRSV replication and that SMPDL3B
plays a positive role in PRRSV replication.

SMPDL3B overexpression enhances PRRSV replication

The aforementioned results verified a positive regulatory role of SMPDL3B in PRRSV replication. To further
confirm this role, we transfected PAM cells with an empty or varying amounts of FLAG-SMPDL3B for 24 h
prior to PRRSV infection. The RT-qPCR and western blot analyses revealed that the increase in SMPDL3B
levels significantly enhanced PRRSY mRNA and N protein levels (Figures 5A and 5B). The same phenome-
non was observed in MARC-145 cells, where increasing levels of SMPDL3B led to a corresponding increase
in PRRSV mRNA and N protein levels (Figures 5D and 5E). The increase in PRRSV production was confirmed
by measuring the viral titer in SMPDL3B overexpression cells, which exhibited a dose-dependent effect
(Figure 5G). This phenotype was also confirmed by fluorescence confocal microscopy, in which PRRSV repli-
cation in SMPDL3B overexpression cells (Figure 5H, white dotted lines) was significantly higher than that in
the adjacent non-control cells (Figure 5H, arrowheads). These results strongly support a positive regulatory
role of SMPDL3B in PRRSV replication.

SMPDL3B deficiency restricts the attachment, entry, replication, and secretion of PRRSV but
not assembly

It has been previously established that SMPDL3B deficiency impedes PRRSV replication. Here, we investi-
gated the impact of SMPDL3B deficiency on various stages of the PRRSV life cycle. Cells were transfected
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Figure 4. SMPDL3B knockdown inhibits PRRSV infection

(A) TNF-a. mRNA levels were detected in the cells by RT-gPCR. Values were normalized to the level of B-actin mRNA (ACTB), and the data represent the
means +/— standard errors of the means from three independent experiments. ***p < 0.001 (by an unpaired two-tailed t-test).

(B) IL-4 mRNA levels were detected in the cells by RT-gPCR. Values were normalized to the level of B-actin mRNA (ACTB), and the data represent the
means +/— standard errors of the means from three independent experiments. ***p < 0.001 (by an unpaired two-tailed t-test).

(C) IL-6 mRNA levels were detected in the cells by RT-gPCR. Values were normalized to the level of B-actin mRNA (ACTB), and the data represent the
means +/— standard errors of the means from three independent experiments. ***p < 0.001 (by an unpaired two-tailed t-test).

(D) IL-1B mRNA levels were detected in the cells by RT-gPCR. Values were normalized to the level of B-actin mRNA (ACTB), and the data represent the
means +/— standard errors of the means from three independent experiments. ***p < 0.001 (by an unpaired two-tailed t-test).

(E) SMPDL3B mRNA levels in stably expressing sh-SMPDL3B or sh-control cells were detected by RT-gPCR. RNA was extracted from the cells and values were
normalized to the level of B-actin mMRNA (ACTB). The data represent the means +/— standard errors of the means from three independent experiments.
***n < 0.001 (by an unpaired two-tailed t-test).

(F) Immunoblot analysis of SMPDL3B expression in cells from panel A. The antibodies that were used are indicated on the left (SMPDL3B: Rabbit anti-
SMPDL3B antibody; B-actin: Sheep anti-rabbit antibody).

(G) Proliferation of cells in stably expressing sh-SMPDL3B or sh-control 3D4/21-CD163 cells was determined by a CCK assay. OD, optical density; ns, not
significant (by an unpaired two-tailed t-test).

(H) PRRSV mRNA levels were detected in the cells by RT-gPCR. (cells infected with PRRSV-JXA1-R at an MOI of 0.1 for 48 h). Values were normalized to the
level of B-actin mRNA (ACTB), and the data represent the means +/— standard errors of the means from three independent experiments. ***p < 0.001 (by an
unpaired two-tailed t-test).

(I) Immunoblot analysis of SMPODL3B expression in stably expressing sh-SMPDL3B or sh-control 3D4/21-CD163 cells. Antibodies that were used are
indicated on the left (SMPDL3B: Rabbit anti-SMPDL3B antibody; PRRSV-N: Rabbit anti-PRRSV-N antibody; B-actin: Sheep anti-rabbit antibody).

(J) A semiquantitative densitometric analysis of PRRSV-N from panel E was performed using ImageJ software. The protein content was normalized to the
corresponding B-actin content.

(K) Growth curve of PRRSV. The growth curve of PRRSV was determined in 3D4/21-CD163 cells stably expressing sh-SMPDL3B or sh-control, infected with
PRRSV (MOI = 0.1) for the indicated time points. Virus was harvested with three freeze-thaw cycles and the viral titer was determined by a TCID50 assay.
Values were normalized to the level of B-actin mRNA (ACTB). Data represent the means +/— standard errors of the means from three independent
experiments. ***p < 0.001 Statistical significance was determined by an unpaired two-tailed t-test.

(L) Viral titers of PRRSV. 3D4/21-CD163 cells stably expressing sh-SMPDL3B or sh-control were infected with PRRSV-JXA1-R (MOI = 0.1) for 48 h. Virus was
harvested with three freeze-thaw cycles and the viral titer was determined by a TCID50 assay. Values were normalized to the level of B-actin mRNA (ACTB).
Data represent the means +/— standard errors of the means from three independent experiments. ***p < 0.001. Statistical significance was determined by an
unpaired two-tailed t-test.

(M) SMPDL3B mRNA levels. The levels of SMPDL3B mRNA in stably expressing sh-SMPDL3B or sh-control cells were detected by RT-gPCR. RNA was
extracted from sh-SMPDL3B and sh-control MARC-145 cells. Values were normalized to the levels of B-actin mRNA expression (ACTB). Data represent the
means +/— standard errors of the means from three independent experiments. Statistical significance was determined by an unpaired two-tailed t-test
***p5 < 0.001.

(N) PRRSV mRNA levels. The levels of PRRSV mRNA were detected in cells stably expressing sh-SMPDL3B or sh-control MARC-145 cells infected with PRRSV-
JXA1-R (MOI = 0.1) for 48 h using RT-gPCR. RNA was extracted from cells and values were normalized to the levels of B-actin mMRNA expression (ACTB). Data
represent the means +/— standard errors of the means from three independent experiments. Statistical significance was determined by an unpaired two-
tailed t-test ***p < 0.001.

(O) Immunoblot analysis of SMPDL3B expression in cells from panel K was analyzed by immunoblotting. Antibodies used are indicated on the left (SMPDL3B:
Rabbit anti-SMPDL3B antibody; PRRSV-N: Rabbit anti-PRRSV-N antibody; B-actin: Sheep anti-rabbit antibody).

(P) SMPDL3B mRNA Levels. The levels of SMPDL3B mRNA in SMPDL3B-rescue or sh-control cells were detected by RT-gPCR. Values were normalized to the
levels of B-actin mMRNA expression (ACTB). ns, not significant. Statistical significance was determined by an unpaired two-tailed t-test.

(Q) Immunoblot analysis of SMPDL3B expression in cells from panel L was analyzed by immunoblotting. Antibodies used are indicated on the left (SMPDL3B:
Rabbit anti-SMPDL3B antibody; B-actin: Sheep anti-rabbit antibody.).

(R) PRRSV mRNA levels. The levels of PRRSY mRNA were detected in SMPDL3B-rescue or sh-control cells. Cells were infected with PRRSV-JXA1-R (MOl =0.1)
for 48 h using RT-qPCR. Statistical significance was determined by an unpaired two-tailed t-test. ns, not significant.

(S) Immunoblot analysis of PRRSV-N expression in SMPDL3B-rescue or sh-control cells. Antibodies used are indicated on the left (PRRSV-N: Rabbit anti-
PRRSV-N antibody; B-actin: Sheep anti-rabbit antibody.).

(T) Replication of PRRSV-GFP in SMPDL3B-rescue or sh-control cells. Fluorescent microscopy and FACS analysis of PRRSV-GFP (MOI = 10) proliferation in
3D4/21-CD163 and deficient cells for 36 h. Scale bar: 400 um.

with either empty sh-control (control group) or sh-SMPDL3B and subsequently incubated with a high
multiplicity of infection (MOI = 10) of PRRSV on ice for 1 h. RT-qPCR was performed to detect the adsorbed
PRRSV. RT-gPCR results showed that the level of PRRSV binding to SMPDL3B-deficient cells was signifi-
cantly lower than that of the control group (Figure 6A). This phenomenon was further confirmed with immu-
nofluorescence using confocal microscopy. Specifically, sh-SMPDL3B and sh-control cells were incubated
with a PRRSV-N-specific antibody and the green fluorescence of PRRSV-N protein in SMPDL3B-deficient
cells (Figure 6B white dotted line) was significantly lower than in the control cells (Figure 6B white dotted
line). We used RT-gPCR to determine if SMPDL3B deficiency affected the internalization of PRRSV. Knock-
down cells were incubated with PRRSV at 37°C for 1 h. The results showed that the level of viral entry into
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Figure 5. SMPDL3B overexpression increased PRRSV replication

(A) PRRSV mRNA levels were detected in cells by RT-gPCR. The cells were transfected with different amounts of p3xFlag-
CMV-14-SMPDL3B plasmids for 24 h, followed by an infection with PRRSV (PRRSV-JXA1-R MOI = 0.1) for 48 h. RNA was
extracted from cells, and the values were normalized to the level of B-actin (ACTB) mRNA expression. The data represent
the means +/—standard errors of the means from three independent experiments. Statistical significance was determined
using an unpaired two-tailed t-test with *p < 0.05 and ***p < 0.001.

(B) Immunoblot analysis of SMPDL3B expression in cells from panel A. Antibodies used in the experiments are indicated
on the left (PRRSV-N: Rabbit anti-PRRSV-N antibody; FLAG: Rabbit anti-FLAG antibody; B-actin: Sheep anti-rabbit
antibody).

(C) Semiquantitative densitometric analysis of PRRSV-N from panel B was performed using ImageJ software. Protein
content was normalized to the corresponding B-actin content.

(D) PRRSY mRNA levels were detected in cells by RT-qPCR. MARC-145 cells transfected with different amounts of
p3xFlag-CMV-14-SMPDL3B plasmids for 24 h, followed by infection with PRRSV (PRRSV-JXA1-R MOI = 0.1) for 48 h. RNA
was extracted from cells, and the values were normalized to the level of B-actin (ACTB) mRNA. The data represent the
means +/— standard errors of the means from three independent experiments. Statistical significance was determined
using an unpaired two-tailed t-test. ***p < 0.001.

(E) Immunoblot analysis of SMPDL3B expression in the cells from panel F. Antibodies used are indicated on the left
(PRRSV-N: Rabbit anti-PRRSV-N antibody; FLAG: Rabbit anti-FLAG antibody; B-actin: Sheep anti-rabbit antibody).

(F) Semiquantitative densitometric analysis of PRRSV-N from panel E was performed using ImageJ software. Protein
content was normalized to the corresponding B-actin content.

(G) Viral Titers of PRRSV. 3D4/21-CD163 cells were transfected with various amounts of p3xFlag-CMV-14-SMPDL3B
plasmids for 24 h followed by an infection with PRRSV-JXA1-R at an MOl of 0.1 for 48 h. The virus was harvested with three
cycles of freezing and thawing, and the viral titer was determined using the TCID50 assay.

(H) Staining for PRRSV-N was increased in the overexpressing SMPDL3B cells. Cells were infected with PRRSV-JXA1-R at
an MOI of 0.1 for 48 h, fixed, and then stained using antibodies against PRRSV-N (green) and SMPDL3B (red). Infected cells
were highlighted with white dotted lines, and uninfected cells were indicated with asterisks.
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Figure 6. SMPDL3B restricts the attachment, entry, replication, and secretion of PRRSV, but not assembly

(A) RT-gPCR analysis was performed to determine the number of PRRSV particles on the surface of stably expressing
sh-SMPDL3B or sh-control cells. The cells were incubated with PRRSV (MOI = 10) for 1 h on ice, and then washed three
times with precooled PBS. RNA was extracted from the cells, and the values were normalized to the level of B-actin (ACTB)
mRNA expression. The data represent the means +/— standard errors of the means from three independent experiments.
Statistical analysis was performed using an unpaired two-tailed t-test, and ***p < 0.001 was considered significant.

(B) Immunofluorescence of PRRSV-N on the surface of sh-SMPDL3B or sh-control cells. The cells were incubated with
PRRSV (MOI = 10) for 1 h on ice, and then washed three times with precooled PBS. The cells were fixed and stained with
antibodies directed against PRRSV-N (green). Infected cells were highlighted by white dotted lines.

(C) RT-gPCR analysis of PRRSV numbers in stably expressing sh-SMPDL3B or sh-control cells. The cells were incubated
with PRRSV (MOl = 10) for 1 h at 37°C and then washed twice with trypsin. RNA was extracted from the cells, and the values
were normalized to the level of B-actin (ACTB) mRNA expression. The data represent the means +/— standard errors of
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Figure 6. Continued

the means from three independent experiments. Statistical analysis was performed using an unpaired two-tailed
t-test, and ***p < 0.001 was considered significant.

(D) Immunofluorescence of PRRSV-N in sh-SMPDL3B or sh-control cells. The cells were incubated with PRRSV (MOI = 10)
for 1 h at 37°C and then washed twice with trypsin. The cells were fixed and stained with antibodies directed against
PRRSV-N (green). Infected cells were highlighted by white dotted lines.

(E) Fluorescence intensities of dsRNA in panel F were quantified in cells containing PRRSV dsRNA.

(F) The immunofluorescence of ds-RNA in sh-SMPDL3B or sh-control cells. The cells were incubated with PRRSV (MOI =
10) for 1 h and cultured for the indicated time points. The cells were then fixed and stained with antibodies directed
against dsRNA (green).

(G) The efficiency of viral assembly was determined by the ratio of the virus titer in the supernatant to the total PRRSV
genome. The cells were incubated with PRRSV (MOI = 10) for 1 h and cultured for 24 h. The data represent the means +/—
standard errors of the means from three independent experiments. Statistical analysis was performed using an unpaired
two-tailed t-test, and ***p < 0.001 was considered significant.

(H) The efficiency of viral secretion was determined by the ratio of intra- and extracellular infectivity relative to total
infectivity. The cells were incubated with PRRSV (MOI = 10) for 1 h and cultured for 24 h. The data represent the means +/—
standard errors of the means from three independent experiments. Statistical analysis was performed using an unpaired
two-tailed t-test, and ***p < 0.001 was considered significant.

SMPDL3B-deficient cells was significantly lower than that of the control group (Figure 4C). We also
confirmed that SMPDL3B deficiency reduces PRRSV internalization with immunofluorescence using
confocal microscopy (Figure 6D). To investigate the effect of SMPDL3B deficiency on PRRSV replication,
PRRSV-infected cells were fixed and stained for double-stranded RNA (dsRNA) at 6, 12, or 24 h, as a marker
of viral replication. The green fluorescence of the SMPDL3B-deficient group was significantly lower than
that of the control group at 6, 12, and 24 h (10 random fields of view; n > 100 cells each) (Figures 6E and
6F). This indicated that SMPDL3B deficiency can significantly inhibit PRRSV replication. To further verify
the impact of SMPDL3B on PRRSV assembly and release, the results confirmed that SMPDL3B deficiency
inhibited the release of PRRSV but not viral assembly (Figures 6G and 6H). In summary, our results indicate
that SMPDL3B deficiency inhibits the attachment, entry, replication, and secretion of PRRSV, but not its
assembly.

SMPDL3B plays a key role in lipid synthesis and lipid lipolysis

We hypothesized that SMPDL3B may affect PRRSV replication through LDs. To test this hypothesis, we
stained SMPDL3B-deficient cell lines with oil red O and BODIPY 493/503, as previously described by Qiu
and Simon.*® Under the microscope, we observed that the number of LDs was significantly increased in
SMPDL3B-deficient cells compared to the control cells (p < 0.0001) (Figures 7A and 7B). Additionally,
the fluorescence intensity of the SMPDL3B-deficient cells was over four times higher than that of the
sh-control group (p < 0.0001) (Figures 7C and 7D). Therefore, we concluded that a SMPDL3B deficiency
promotes LD accumulation. We speculated that the reason for the LD accumulation was due to the
SMPDL3B deficiency affecting lipid synthesis or lipolysis. We found that the level of mRNA expression of
the key genes involved in lipid synthesis, including fatty acid FASN, SCD1, and ACC1, was significantly
higher in SMPDL3B-deficient cells than in the sh-control cells (Figure 7E), Oligonucleotides were shown
in Table 2. Moreover, the mRNA levels of key lipolysis genes including ATGL, HSL, and MGL were signif-
icantly reduced (Figure 7F), Oligonucleotides were shown in Table 2. The results showed that a
SMPDL3B deficiency promoted lipid synthesis and inhibits lipolysis (Figures 7E-7G). To further verify our
conclusion, SMPDL3B-rescue cells were performed and stained with oil red O, as shown in (Figures 7H
and 71); the number of LDs per cell was significantly increased in SMPDL3B-rescue cells compared to the
SMPDL3B-deficient cells (p < 0.0001). Thus, our results demonstrate that SMPDL3B plays a critical role in
lipid synthesis and lipolysis.

DISCUSSION

PRRSV poses a severe threat to pig health worldwide. Additional studies are required to investigate the replica-
tion mechanisms of PRRSV, which can be conducive to the prevention and treatment of PRRSV, as well as the
research and development of new drug targets. Host functional factors play an important role in viral replication.
CRISPR-Cas? genome editing technology is easier to operate, cheaper, more efficient, more accurate, and less
off-target.*”~*' Moreover, it has also been successfully applied in a variety of organisms.*”*? In a genome-scale
CRISPR screening following three PRRSV challenges, SMPDL3B was identified as a functional factor. Currently,
the known PRRSV functional factors include CD163 (cluster of differentiation 163),'%** heparin sulfate, ™
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Figure 7. SMPDL3B plays a key role in lipid synthesis and lipid lipolysis
(A) Cells were stained with oil red O. Sh-SMPDL3B or sh-control cells were fixed with 4% paraformaldehyde, stained with
oil red O, and counterstained with hematoxylin. The bottom image corresponds to the boxed region marked in the upper
image. Each image is representative of three independent experiments.
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Figure 7. Continued

(B) Number of lipid droplets (LDS) per cell. The number of LDS per cell was quantified in each image. At least 80 cells were
counted. Data are representative of the means +/— standard errors of the means from three independent experiments.
**p < 0.01; ***p < 0.001 (by an unpaired two-tailed t-test).

(C) Cells were stained with BODIPY 493/503. Sh-SMPDL3B or sh-control cells were fixed and stained with BODIPY. The
bottom image corresponds to the boxed region marked in the upper image. Each image represents three independent
experiments.

(D) The LDS fluorescence intensities. The fluorescence intensities of LDS were analyzed using ImageJ software. Data are
representative of the means +/— standard errors of the means of three independent experiments. ***p < 0.001 (by an
unpaired two-tailed t-test).

(E) Levels of ACC1, FASN, and SCD were detected by RT-qPCR. RNA was extracted from stably expressing sh-SMPDL3B or
sh-control cells. Values were normalized to the level of B-actin (ACTB) mRNA expression. Data represent the means +/—
standard errors of the means from three independent experiments. *p < 0.05; ***p < 0.001 (by an unpaired two-tailed
t-test).

(F) Levels of ATGL, HSL, and MGL mRNA expression were detected by RT-gPCR. RNA was extracted from stably
expressing sh-SMPDL3B or sh-control cells. Values were normalized to the level of B-actin (ACTB) mRNA expression. Data
represent the means +/— standard errors of the means from three independent experiments. *p < 0.05; **p < 0.01; (by an
unpaired two-tailed t-test).

(G) Immunoblot analysis of protein expression in cells from panel 7E and F. Antibodies used in the experiments are
indicated on the left (FASN: Rabbit anti-FASN antibody; ACC: Rabbit anti-ACC antibody; ATGL: Rabbit anti-ATGL
antibody; B-actin: Sheep anti-rabbit antibody).

(H) SMPDL3B-rescue cells were stained with oil red O. Cells were fixed with 4% paraformaldehyde, stained with oil red O,
and counterstained with hematoxylin. The bottom image corresponds to the boxed region marked in the upper image.
Each image is representative of three independent experiments.

(I) Number of LDS per cell. The number of LDS per cell was quantified in each image. At least 80 cells were counted. Data
are representative of the means +/— standard errors of the means from three independent experiments. **p < 0.01; ns,
not significant (by an unpaired two-tailed t-test).

sialoadhesin,*® vimentin,*’ cluster of differentiation 151,* non-muscle myosin heavy chain 1A%’ and DC-SIGN
(CD209).°° A defect in any of these functional factors will affect the replication of PRRSV; however, the threat
of PRRSV to pigs has become increasingly more serious, indicating an urgent need for additional PRRSV
research. In this study, we showed that a SMPDL3B deficiency had a strong inhibitory effect on PRRSV replication
by regulating lipid metabolism.

We have shown that SMPDL3B is ubiquitously expressed in many species (Figure 2A). SMPDL3B is also
prevalent in various pig tissues, with the highest expression in white adipose tissue and lung (Figure 2B).
This finding suggests that SMPDL3B is related to lipid droplet storage (LDS) and the reason the lung
was used as a target organ. In this study, we have demonstrated that PRRSV (HP-PRRSV/LP-PRRSV) infec-
tion gradually increased the level of SMPDL3B mRNA and protein expression in MARC-145 and PAMs cells
(Figure 3). In addition, a SMPDL3B deficiency reduced the level of PRRSV mRNA and protein expression
(Figure 4), and SMPDL3B-rescue cells remove the inhibition of PRRSV replication due to SMPDL3B defi-
ciency (Figures 3L-30), suggesting that SMPDL3B knockout inhibits PRRSV replication and that
SMPDL3B plays a positive role in PRRSV replication. As is shown in Figure 5, SMPDL3B overexpression
promoted PRRSV replication (Figure 5), suggesting that SMPDL3B functions as a host factor to promote
PRRSV replication again. Currently, the mechanism by which SMPDL3B affects PRRSV proliferation remains
unclear. Viruses hijack hosts to perform numerous tasks during their replication cycles, and the role of virus
associated with LDS in the life cycle has not been well established.

Early research indicates that LDs are associated with Hepatitis C virus assembly®'>? and the assembly of the rota-
virus outer capsid, which is related to LDs.” In a recent study, it showed that PRRSV is related to lipophagy.”® In
this study, we show that a SMPDL3B deficiency reduces the attachment, entry, replication, and secretion of
PRRSV, but not assembly (Figure 6). These results are consistent with previous findings, suggesting that LDs
are important for viral replication. LDs participate in most cellular processes, including energy storage and sec-
ond messengers in signaling events.”> In addition, most cellular processes associated with LDs are closely
related to lipid rafts. Indeed, it has previously been reported that SMPDL3B plays an important role in lipid
rafts.”®> SMPDL3B has been implicated in many cellular functions, and recent evidence suggests that
SMPDL3B is involved in TLR signaling.”*®” Moreover, SMPDL3B mediates radiation-induced damage to renal
podocytes®® and is also involved in diabetic kidney disease.”®” Although studies have highlighted the signifi-
cance of SMPDL3B in maintaining normal lipid metabolism, the mechanism by which SMPDL3B functions as a
host factor during PRRSV infection remains unclear. Therefore, we assessed the impact of a SMPDL3B
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Figure 8. The knockdown of SMPDL3B promotes the expression of lipid synthesis genes and inhibits the

expression of lipid breakdown genes, leading to the accumulation of lipid droplets (LDS)
Due to the knockdown of SMPDL3B, the utilization of lipids is inhibited, resulting in the inhibition of PRRSV replication.

knockdown on LDs. Figure 6 shows that the expression of key lipid synthesis genes (FASN, ACC1, and SCD-1)
was significantly increased, whereas the expression of lipid lipolysis genes (ATGL, HSL, and HSL) was reduced.
We confirmed that SMPDL3B function is mediated jointly by the expression of these key genes (Figure 4).
Furthermore, the level of ATGL mRNA expression was significantly reduced (Figure 6). There results suggested
that SMPDL3B affects PRRSV replication by regulating lipid metabolism. As shown in Figure 7, the number of LDs
in SMPDL3B complemented cells was significantly lower than that in SMPDL3B-deficient cells, indicating that
SMPDL3B negatively regulates LD formation, consistent with previous experiments and verification tests.”*”’
These results confirm that PRRSV upregulates SMPDL3B to promote viral replication through modulation of lipid
metabolism (Figure 8).

In this study, we have shown that SMPDL3B positively regulates PRRSV replication. Additionally, PRRSV
replication can be blunted in SMPDL3B-deficient cells. This may be due to the defect of SMPDL3B, which
leads to an inhibition of ATGL activity and greatly inhibits PRRSV replication. Thus, we have identified
SMPDL3B as a novel host factor important for the replication of PRRSV. We have also identified a new func-
tion for SMPDL3B in regulating lipid metabolism. Further studies on the mechanism by which SMPDL3B
deficiency inhibits viral replication (PRV/VSV) are ongoing.

Limitations of the study

Although we employed multiple mature techniques and provided multiple perspectives to demonstrate
the regulation of PRRSV replication by SMPDL3B via lipids, some limitations still exist. (1) There have
been no reports on SMPDL3B gene-edited pigs, which prevented us from verifying the replication of
PRRSV in SMPDL3B gene-edited pigs. (2) The use of transfection reagents in constructing the knocked-
down cell line using CRISPR-Cas? technology may lead to some toxicity to the cells, which could result
in experimental deviations. Nevertheless, our experiments confirmed that SMPDL3B regulates PRRSV
replication via lipids, and we hope that our current research can promote the application of CRISPR-
Cas9 technology in virus research and animal health.
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O Viral titration
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O Flow cytometry
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REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
anti-PRRSV nucleocapsid (N) antibody SDOW17 Rural Technologies N/A

anti-FASN antibody

anti-ACC

anti-ATGL

mouse monoclonal anti-dsRNA antibody

anti-mouse IgG antibody labeled with
Alexa Fluor 555

anti-SMPDL3B antibody

anti-rabbit IgG antibody labeled
with Alexa Fluor 488

CST
CST
CST
CST

Thermo Fisher Scientific

Proteintech

Thermo Fisher Scientific

Cat# 3180; RRID:AB_2100796
Cat# 3662; RRID:AB_2219400
Cat# 2138; RRID:AB_2167955
Cat# 76651; RRID:AB_2936194
Cat# A-21424; RRID:AB_141780

Cat# 16552-1-AP; RRID:AB_2878276
Cat# A-11034;RRID:AB_2576217

Bacterial and virus strains

PRRSV-VR2332 Jiang wang gave a gift N/A
PRRSV-JXA1 Jiang wang gave a gift N/A
PRRSV-GFP En-Min Zhou gave a gift N/A
VSV-GFP Jiang wang gave a gift N/A
PRV-GFP Jiang wang gave a gift N/A
Chemicals, peptides, and recombinant proteins

TRIzol reagent TaKaRa Bio Inc D9108B
SYBR premix Ex Taq TaKaRa Bio Inc RR420A
PrimeScript™ RT reagent Kit with gDNA TaKaRa Bio Inc RRO47A
Eraser (Perfect Real Time)

SuperKine™ Maximum Sensitivity Cell Abbkine Scientific (Wuhan, China); BMU106-CN
Counting Kit-8 (CCK-8)

oil red O Sigma-Aldrich 1320-06-5
BODIPY 493/503 Thermo Fisher Scientific 121207-31-6
assay kit for free fatty acids APPLYGEN E1001
Tissue Cell Total Cholesterol (TC) Content APPLYGEN E1015-105
Enzymatic Determination Kit

Tissue Cell Triglyceride (TG) Content APPLYGEN E1013-50
Enzymatic Determination Kit

RIPA Lysis Buffer (strong) Beyotime Biotechnology P0013B
Lipofectamine 3000 Invitrogen 3000015
Deposited data

This study did not generate new

unique reagents

Porcine reproductive and respiratory https://data.mendeley.com/ Database:

syndrome virus upregulates SMPDL3B
to promote viral replication by modulating
lipid metabolism

https://doi.org/10.17632/3ctpx4kéjp.2

Experimental models: Cell lines

3D4/21-CD163
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MARC-145 ATCC HTX1894; RRID : CVCL_4540

PAM Jiang wang gave a gift N/A

2931/17 ATCC CRL-11268; RRID:CVCL_UEQ7

Experimental model and study participants

Qi-Gui Yan'#
Lei Zengz'#
Huan-Huan Shen

No animal models

52-year-old
34-year-old
34-year-old

male
male

male

Oligonucleotides

ShRNA-1 targeting SMPDL3B sequence:

Top Strand:
CCGGGGACTACAAGGTATCTCAAGACTC
GAGTCTTGAGATACCTTGTAGTCCTTTTTG
Bottom Strand: AATTCAAAAAGGACTACAA
GGTATCTCAAGACTCGAGTCTTGAGATACC
TTGTAGTCC

ShRNA-2 targeting SMPDL3B sequence:

Top Strand: CCGGGCTCATCAGAGAGG
TCTTTCCCTCGAGGGAAAGACCTCTCT
GATGAGCTTTTTG

Bottom Strand: AATTCAAAAAGCTCATCAG
AGAGGTCTTTCCCTCGAGGGAAAGACCTC
TCTGATGAGC

ShRNA-1 targeting GPS2-1 sequence:

Top Strand: CCGGGCCTCGACTCCGGAAGG
ATTCCTCGAGGAATCCTTC
CGGAGTCGAGGCTTTTTG

Bottom Strand: AATTCAAAAAGCCTCGACTC
CGGAAGGATTCCTCGAGGAATCCTTCCGGA
GTCGAGGC

ShRNA-1 targeting GPS2-2 sequence:

Top Strand:
CCGGGACAGCCTCGACTCCGGAAGGCTCG
AGCCTTCCGGAGTCGAGGCTGTCTTTTTG
Bottom Strand: AATTCAAAAAGACAGCCTCG
ACTCCGGAAGGCTCGAGCCTTCCGGAGTCG
AGGCTGTC

ShRNA-1 targeting FGF10-1 sequence:

Top Strand:
CCGGGCTGAAACTCTAGTCCCTTAGCT
CGAGCTAAGGGACTAGAGTTTCAGC
TITTTG

Bottom Strand: AATTCAAAAAGCTGAAA
CTCTAGTCCCTTAGCTCGAGCTAAGGG
ACTAGAGTTTCAGC

This paper

This paper

This paper

This paper

This paper

N/A

N/A

N/A

N/A

N/A
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ShRNA-1 targeting FGF10-2 sequence:

Top Strand:
CCGGGCATTTGTCAGCTCACATATACTCGA
GTATATGTGAGCTGACAAATGCTTTTTG
Bottom Strand: AATTCAAAAAGCATTTGTCA
GCTCACATATACTCGAGTATATGTGAGCTG
ACAAATGC

ShRNA-1 targeting KCNC2-1 sequence:
Top Strand: CCGGGCGGGAATAGAAA
GGATATGGCTCGAGCCATATCCTTTCT
ATTCCCGCTTTTTG

Bottom Strand: AATTCAAAAAGCGGGA
ATAGAAAGGATATGGCTCGAGCCATAT
CCTTTCTATTCCCGC

ShRNA-1 targeting KCNC2-2 sequence:
Top Strand: CCGGGGTGATTACACGTG
TGCTTCTCTCGAGAGAAGCACACGTGT
AATCACCTTTTTG

Bottom Strand: AATTCAAAAAGGTGATT
ACACGTGTGCTTCTCTCGAGAGAAGCA
CACGTGTAATCACC

ShRNA-1 targeting MGAT5B-1 sequence:
Top Strand: CCGGGCTTCTTCTCACTCT
GCTTCCCGAAGGAAGCAGAGTGAGAA
GAAGCTTTTTG

Bottom Strand: AATTCAAAAAGCTTCTT
CTCACTCTGCTTCCTTCGGGAAGCAGA
GTGAGAAGAAGC

ShRNA-1 targeting MGAT5B-2 sequence:
Top Strand: CCGGGGAAGGAGTCTCTAA
TCTTTACGAATAAAGATTAGAGACTCCTT
CCTTTTTG

Bottom Strand: AATTCAAAAAGGAAGGA
GTCTCTAATCTTTATTCGTAAAGATTAGA
GACTCCTTCC

sgRNA targeting SMPDL3B sequence:

Top Strand: AAACTCCACTGAGCTCTTTTGC
Bottom Strand: CTTGGTCTTTTCAAGCCTCTGT
p3xFLAG-CMV-14 targeting SMPDL3B sequence:
Top Strand: CAGGGATGCCACCCGGGATCCTCA
GCTTTGGATAAATGG

Bottom Strand: AAGGATGACGATGACAAGCTTATG
AAAAGTCAGAGGAGC

Primers used for SMPDL3B RT-qPCR analysis

Top Strand: CAGCATAGACTTGAGTATCTGGAAA
Bottom Strand: GGGGACTACCTCTGCGATTC
Primers used for FGF10 RT-qPCR analysis

Top Strand: TGTTGCTGTTCTTGGTGTCTTC
Bottom Strand: AGAGAATAGCTTTCTCCAGCGG

Primers used for GPS2 RT-gPCR analysis
Top Strand: GGAACAAATCCTGAAGTTGCAGG
Bottom Strand: ATGCTGAGGAGGTGAGTTCCT
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This paper

This paper

This paper

This paper

This paper

N/A

N/A

N/A

N/A
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N/A

N/A

N/A

N/A

N/A
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Primers used for MGATSB RT-qPCR analysis This paper N/A

Top Strand: TGCTTCTGCACAGCAAGGTG
Bottom Strand: CAAAACCACTCGACCTCACTG

Primers used for KCNC2 RT-gPCR analysis This paper N/A
Top Strand: TTCTTCTTCGACCGGCACCC
Bottom Strand: TCTCGAAGATGTCGAGCGCC

Primers used for GADPH RT-gPCR analysis This paper N/A
Top Strand: AAGTTCCACGGCACAGTCAA
Bottom Strand: GCCTTCTCCATGGTCGTGAA

Primers used for B-actin RT-gPCR analysis This paper N/A
Top Strand: CTGAACCCCAAAGCCAACCGT
Bottom Strand: TTCTCCTTGATGTCCCGCACG

Primers used for Chlorocebus-B-actin RT-qPCR analysis This paper N/A
Top Strand: CGTGGACATCCGTAAAGAC
Bottom Strand: GGAAGGTGGACAGCGAGGC

Primers used for PRRSV ORF7 RT-gPCR analysis This paper N/A
Top Strand: AAACCAGTCCAGAGGCAAGG
Bottom Strand: GCAAACTAAACTCCACAGTGTAA

Primers used for ACC1 RT-qPCR analysis This paper N/A
Top Strand: GGAGACAAACAGGGACCATTACA
Bottom Strand: CAGGGACTGCCGAAACATC

Primers used for FASN RT-gPCR analysis This paper N/A
Top Strand: TGCTCCTGCACGTCTCCC
Bottom Strand: CTGCTGAAGCCTAACTCCTCG

Primers used for SCD RT-gPCR analysis This paper N/A
Top Strand: AATGGAGGGGGCAAGTTGGA
Bottom Strand: GGTGGGGATCAATATGATCCC

Primers used for ATGL analysis This paper N/A
Top Strand: TGTGGCCTCATTCCTCCTAC
Bottom Strand: TCGTGGATGTTGGTGGAGCT

Primers used for HSL analysis This paper N/A
Top Strand: TCAGGTGTCTTTGCGGGTAT
Bottom Strand: CTTGTGCGGAAGAAGATGCT

Primers used for TNF-a analysis This paper N/A
Top Strand: CTGTAGGTTGCTCCCACCTG
Bottom Strand: CCAGTAGGGCGGTTACAGAC

Primers used for IL-6 analysis This paper N/A
Top Strand: TGATGCCACCTCAGACAA
Bottom Strand: CACACTTCTCATACTTCTCAC

Primers used for IL-8 analysis This paper N/A
Top Strand: CAGTTCTGGCAAGAGTAAGT

Bottom Strand: CTCAATCACTCTCAGTTCCTT

Primers used for IL-1B analysis This paper N/A
Top Strand: TGGAACAAGAGCATCAGGCA

Bottom Strand: AGACTGCACGTTGGCATCAC

Recombinant DNA

p3xFLAG-CMV-14 addgene #59974; RRID:Addgene_59974
pLKO.1 puro addgene #8453; RRID:Addgene_8453
lentiCRISPR v2-puro addgene #52961; RRID : Addgene_166241
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Software and algorithms

ZEN lite Zeiss Microscopy N/A

Image J Schneider et al.” https://imagej.nih.gov/ij/
Other

this work is not part of a clinical trial

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by
the lead contact, Huan-Huan Shen, (huanhshen@126.com).

Materials availability

This study did not generate new unique reagents.

Data and code availability

All original code has been deposited at https://data.mendeley.com/ and is publicly available as of the date
of publication. DOlIs are listed in the key resources table.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
Qi-Gui Yan, 52-year-old, male.

Lei Zeng2, 32-year-old, male.
Huan-Huan Shen, 33-year-old, male.

No animal models.

METHOD DETAILS

TRIzol reagent (catalogue number: D9108B), SYBR premix Ex Taq (catalogue number: RR420A) and
PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) (catalogue number: RRO47A) were ob-
tained from TaKaRa Bio Inc. (Otsu, Shiga, Japan); SuperKine™ Maximum Sensitivity Cell Counting Kit-8
(CCK-8) (catalogue number: BMU106-CN) was obtained from Abbkine Scientific (Wuhan, China); oil red
O was obtained from (catalogue number: 1320-06-5) Sigma-Aldrich; BODIPY 493/503(catalogue number:
121207-31-6) was obtained from Thermo Fisher Scientific (Waltham, MA,USA); assay kit for free fatty acids
(catalogue number: E1001), Tissue Cell Total Cholesterol (TC) Content Enzymatic Determination Kit
(catalogue number: E1015-105) and Tissue Cell Triglyceride (TG) Content Enzymatic Determination Kit
(catalogue number: E1013-50) were obtained from APPLYGEN (Beijing, China); anti-PRRSV nucleocapsid
(N) antibody SDOW17 was obtained from Rural Technologies (WA, USA); anti-FASN antibody (catalogue
number: #3180), anti-ACC antibody (catalogue number: #3662), anti-ATGL antibody (catalogue number:
2138S), anti-SQSTOM/P62 antibody (catalogue number: 5114), mouse monoclonal anti-dsRNA antibody
(catalogue number: #76651) were obtained from Cell Signaling Technology (Danvers, MA, USA); anti-
SMPDL3B antibody (catalogue number: 16552-1-AP) was obtained from Proteintech (Wuhan, China);
RIPA Lysis Buffer (strong) (catalogue number: PO013B) was obtained from Beyotime Biotechnology
(Zhengzhou China). The reconstituted strains, PRRSV-GFP and 3D4/21-CD163 (generated through lenti-
virus-mediated overexpression of porcine CD163) were kindly donated by En-Min Zhou from Northwest
A&F University (Yangling, Shaanxi, China); Alexa Fluor 488 (catalogue number: A21429), anti-mouse 1gG
antibody labeled with Alexa Fluor 555 (catalogue number: A21424), and anti-rabbit IgG antibody labeled
with Alexa Fluor 488 (catalogue number: A11034) were obtained from Thermo Fisher Scientific (Waltham,
MA, USA). The above antibodies were used at a ratio of 1:1000 for immunoblotting and 1:500 for immuno-
fluorescence staining.
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Plasmids The coding sequence of porcine SMPDL3B was obtained from porcine lung cDNA and cloned
into the p3xFLAG-CMV-14 (Addgene). All plasmids were transfected with Lipofectamine 3000 (Invitrogen,
Grand Island, NY).

Cells, viruses, and tissues

HEK293T, 3D4/21-CD163, PAM, and MARC-145 cells were cultured as a monolayer at 37°C under 5% CO, with
Dulbecco’s modified Eagle's medium (DMEM,; Gibco, Grand Island, NY), which contained 10% heat inactivated
fetal bovine serum (FBS; PAN, Aidenbach, Germany). PAM cells were collected from six-week-old PRRSV-nega-
tive pig lungs, and the lungs were aseptically removed after ligating the trachea. The outer surface was washed
with 0.9% normal saline, and 30.0 mL PBS was poured into the lungs from the trachea, and the lung surface was
gently massaged. The lavage fluid was recovered after 1—2 min and this process was repeated until the lavage
fluid was clear. PAM cells were cultured in 1x RPMI1640 medium containing 10% fetal bovine serum, which was
supplemented with containing 100 U/mL penicillin and 100 pg/mL streptomycin sulfate. All animal procedures
were authorized for experimental animal care and use to comply with animal welfare.

Immunoblot analysis

Whole-cell lysates were prepared in radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris (pH 7.4),
150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, sodium orthovanadate, sodium
fluoride, EDTA, leupeptin and other inhibitors) supplemented with protease inhibitors (Roche). Protein
samples were separated by SDS-PAGE and subsequently transferred to cellulose nitrate membranes.
The membrane was incubated in 5% nonfat milk for 1 h and then washed with TBST four times at room tem-
perature for 10 min for the first two times followed by 5 min for the third and fourth times. The membrane
was incubated with the primary antibody at 4°C overnight, and then washed four times with TBST at room
temperature for 10 min for the first two times followed by 5 min for the third and fourth times. The mem-
brane was then incubated with the second antibody for 1 h at room temperature. The target proteins
were detected with the Luminata Crescendo immunoblotting HRP substrate (Millipore, Billerica, MA).

Immunofluorescence assay

The cells were washed in phosphate-buffered saline (PBS) and fixed with 4% paraformaldehyde (PFA) for
30 min at room temperature. The cells were permeabilized in 0.1% Triton X-100 for 5 min and washed three
times in PBS, incubated with the primary antibody (1:500) for 1 h, and washed three times in PBS. The cells
were incubated with the second antibody (1:1000) for 1 h, then washed three times in PBS and ultra-pure
water. Images were acquired using a Zeiss LSM710 confocal microscope. Digital images were obtained
using ZEN 2012 software and quantified with ImageJ software.

Quantitative PCR

The total RNA was extracted from cells or supernatants with TRIzol reagent and reverse transcribed into cDNA
using a PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time). The procedure for RNA extraction
involves washing cells two times using phosphate-buffered saline, adding 1 mL of TRIzol solution, and lysing
the cells until completely detached. Subsequently, adding 0.2 mL of chloroform, shaking the mixture, and allow-
ing it to stand at room temperature. Then centrifuging the mixture and isolating the upper layer for precipitation,
followed by adding isopropanol, ethanol, or other appropriate reagents for further washing and precipitation.
Finally, drying the RNA using air. gPCR was performed according to the manufacturer's introductions. All reac-
tions were performed in triplicate and the relative amount of mRNAs were calculated with the comparative
threshold cycle (CT) method. The results are representative of three independent experiments.

Production of cells stably expressing SMPDL3B shRNA

Short hairpin RNA (shRNA) sequences targeting SMPDL3B were designed using BLOCK-iT RNAi designer (Life
Technologies, Carlsbad, CA), the primers shown in Table 1. ShRNA was cloned into the pLKO.1 vector, and 1 pug
sh-SMPDL3B, 1.5 png psPAX2 (packaging-expressing plasmid), and 2 ng pMD2.G (envelope-expressing plasmid)
were transfected into human HEK293T cells together and plated on 10-cm dishes for 24 h. After 6 h of transfec-
tion, fresh DMEM supplemented with 10% heat-inactivated fetal bovine serum was exchanged and the lentivirus
particles were collected after 48 h. MARC-145 and 3D4/21-CD163 cells were infected with lentivirus particles for
36 h, after which MARC-145 cells were selected in medium containing 10 pg/mL puromycin for 1 week and 3D4/
21-CD163 cells were selected in medium containing 45 pg/mL puromycin for 10 days. The efficiency of SMPDL3B
was detected by gPCR and immunoblotting, the primers shown in Table 1.
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Table 1. Primers used for gene cloning and knockdown

Primer Sequence
sh-SMPDL3B-1 CCGGGGACTACAAGGTATCTCAAGACTCGAGTCTTGAGATACCTTGTAGTCCTTTTTG
AATTCAAAAAGGACTACAAGGTATCTCAAGACTCGAGTCTTGAGATACCTTGTAGTCC
sh-SMPDL3B-2 CCGGGCTCATCAGAGAGGTCTTTCCCTCGAGGGAAAGACCTCTCTGATGAGCTTTTTG
AATTCAAAAAGCTCATCAGAGAGGTCTTTCCCTCGAGGGAAAGACCTCTCTGATGAGC
sh-GPS2-1 CCGGGCCTCGACTCCGGAAGGATTCCTCGAGGAATCCTTCCGGAGTCGAGGCTTTTTG
AATTCAAAAAGCCTCGACTCCGGAAGGATTCCTCGAGGAATCCTTCCGGAGTCGAGGC
sh-GPS2-2 CCGGGACAGCCTCGACTCCGGAAGGCTCGAGCCTTCCGGAGTCGAGGCTGTCTTTTTG
AATTCAAAAAGACAGCCTCGACTCCGGAAGGCTCGAGCCTTCCGGAGTCGAGGCTGTC
sh-FGF10-1 CCGGGCTGAAACTCTAGTCCCTTAGCTCGAGCTAAGGGACTAGAGTTTCAGCTTTTTG
AATTCAAAAAGCTGAAACTCTAGTCCCTTAGCTCGAGCTAAGGGACTAGAGTTTCAGC
sh-FGF10-2 CCGGGCATTTGTCAGCTCACATATACTCGAGTATATGTGAGCTGACAAATGCTTTTTG
AATTCAAAAAGCATTTGTCAGCTCACATATACTCGAGTATATGTGAGCTGACAAATGC
sh-KCNC2-1 CCGGGCGGGAATAGAAAGGATATGGCTCGAGCCATATCCTTTCTATTCCCGCTTTTTG
AATTCAAAAAGCGGGAATAGAAAGGATATGGCTCGAGCCATATCCTTTCTATTCCCGC
sh-KCNC2-2 CCGGGGTGATTACACGTGTGCTTCTCTCGAGAGAAGCACACGTGTAATCACCTTTTTG
AATTCAAAAAGGTGATTACACGTGTGCTTCTCTCGAGAGAAGCACACGTGTAATCACC
sh-MGAT5B-1 CCGGGCTTCTTCTCACTCTGCTTCCCGAAGGAAGCAGAGTGAGAAGAAGCTTTTTG
AATTCAAAAAGCTTCTTCTCACTCTGCTTCCTTCGGGAAGCAGAGTGAGAAGAAGC
sh-MGAT5B-2 CCGGGGAAGGAGTCTCTAATCTTTACGAATAAAGATTAGAGACTCCTTCCTTTTTG
AATTCAAAAAGGAAGGAGTCTCTAATCTTTATTCGTAAAGATTAGAGACTCCTTCC
SMPDL3B-sgRNA AAACTCCACTGAGCTCTTTTGC
Flag-SMPDL3B CTTGGTCTTTTCAAGCCTCTGT

CAGGGATGCCACCCGGGATCCTCA GCTTTGGATAAATGG
AAGGATGACGATGACAAGCTTATG AAAAGTCAGAGGAGC

CRISPR/Cas9-mediated knockout of SMPDL3B in MARC-145 and 3D4/21-CD163 cells

A CRISPR/Cas? single guide RNA (sgRNA) targeting SMPDL3B was designed, the primers shown in Table 1.
SgRNA was cloned into a pLentiCRISPRv2 vector containing a Cas9 expression cassette, after which 1 pg
sg-SMPDL3B, 1.5 pg psPAX2 (packaging-expressing plasmid), and 2 pg pMD2.G (envelope-expressing
plasmid) were transfected into human HEK293T cells together, and plated on 10 cm dishes for 24 h. After
6 h of transfection, fresh DMEM supplemented with 10% heat-inactivated fetal bovine serum was
exchanged and lentivirus particles were collected after 48 h. MARC-145 and 3D4/21-CD163 cells were in-
fected with lentivirus particles for 36 h, after which MARC-145 cells were selected in medium containing
10 pg/mL puromycin for 1 week and 3D4/21-CD163 cells were selected in medium containing 45 pg/mL
puromycin for 10 days. The genomic DNA of SMPDL3B deficient cells was extracted and underwent PCR
amplification. DNA sequencing was performed to verify the SMPDL3B knockout results. The efficiency of
the SMPDL3B knockout was assessed by gPCR and immunoblotting, the primers shown in Table 1.

SMPDL3B-resuce cells

Porcine SMPDL3B was amplified by PCR and cloned into the pLentiCRISPRv2 vector, the primers shown in
Table 1. Next, 1 ng of pLentiCRISPRv2-SMPDL3B, 1.5 pg of psPAX2 (packaging-expressing plasmid), and
2 pg of pMD2.G (envelope-expressing plasmid) were transfected into human HEK293T cells. The cells were
then plated on 10-cm dishes for 24 h. Packaging of lentivirus particles, screening of SMPDL3B-resuce cells
were selected in medium containing 45 pg/mL puromycin for 10 days.

Viral titration

A 50% tissue culture infective dose (TCID50) assay was used to evaluate viral titration. MARC-145 cells were
seeded into a 96-well plate with 1 x 10* cells per well and washed three times with PBS after 24 h. Each well
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was inoculated with serially 10-fold diluted viruses at 37°C for 1 h, washed three times with PBS, then main-
tenance fluid (2% FBS-DMEM,; 200 plL) was added for 4 days. The TCID50 value was calculated using the
Reed-Muench method [93]. All reactions were performed in triplicate.

LD staining

The cells were washed with PBS and fixed in 4% PFA for 30 min at room temperature and washed three
times again with PBS. Oil red O staining solution (100 pL, saturated oil red O solution in isopropanol-water
at a 3:2 dilution) was added for 15 min. Cells were washed 100 times with double-distilled Millipore water,
re-stained with Harris hematoxylin (10 s), washed with PBS, sealed with glycerin gelatin, and observed un-
der a light microscope. The LD number was determined with the ImageJ “analyze particles” function (areas
of particles of <0.01 mm2 were excluded).

Cells were washed with PBS, fixed in 4% PFA for 30 min at room temperature, washed three times with PBS,
and incubated with BODIPY 493/503 (1:500) for 1 h. Digital images were obtained with ZEN 2012 software.
Fluorescence intensity was processed using ImageJ software.

Flow cytometry

3D4/21-CD163 and SMPDL3B defective cells were infected with PRRSV-GFP at a multiplicity of infection
(MOQI) of 10, which was digested with a trypsin-EDTA solution after 36 h of viral infection. The cells were
washed twice with precooled PBS, suspended in 0.3 mL precooled PBS, and the GFP-positive cells were
detected with a Beckman CytoFLEX flow cytometer. All data were analyzed using CytExpert software.

Determination of intracellular FFAs, TG, and TC

Intracellular FFAs, TC, and TG were assessed with an assay kit for free fatty acids, TC Content Enzymatic
Determination Kit and TG Content Enzymatic Determination Kit. According to the manufacturer’s instruc-
tions of the kits, 3D4/21-CD163 and SMPDL3B defective cells were scraped from the culture plate with a
diameter of 10 cm and washed twice with precooled PBS. The cellular lysates were extracted with a syringe
needle in 250 uL RIPA buffer and centrifuged at 12,000 x gfor 10 min at 4°C, then 200 pL of the supernatant
was collected to measure the content of FFA, TC, and TG according to the instructions.

QUANTIFICATION AND STATISTICAL ANALYSIS

All data were obtained from at least three independent experiments and analyzed using Prism 8 software
(GraphPad Software Inc.) with a two-tailed Student'’s t-test or one-way ANOVA. P < 0.05 was considered
statistically significant.

Table 1 Primers used for gene cloning and knockdown related to Figures 1C, 5B, and 5E. (Figure 1C The
knockdown efficiency of KCNC2, MGATS5B, FGF10, GPS2 and SMPDL3B were detected by RT-qPCR. Fig-
ure 5B Immunoblot analysis of SMPDL3B expression in cells from panel A. Figure 5E Immunoblot analysis of
SMPDL3B expression in the cells from panel F.).

Table 2 Primers used for RT-gPCR related to Figures 2B, 3A, 3B, 3D, 3E, 4A-4E, 4H, 4M, 4N, 4P, 4R, 5A, 5D,
6A, 6C, 6G, 6H, 7E, and 7F. (Figure 2B RNA was extracted from porcine tissues. Figure 3A The level of
SMPDL3B mRNA expression was detected in MARC-145 cells for the indicated time points by RT-gPCR.
Figure 3B SMPDL3B mRNA levels were detected in PAM cells for the indicated time points by RT-gPCR.
Figure 3D SMPDL3B mRNA levels were detected in MARC-145 cells for the indicated time points by RT-
gPCR. Figure 3E The expression of SMPDL3B mRNA was analyzed by RT-gPCR in PRRSV-infected PAM cells
at different time points. Figure 4A TNF-oo mRNA levels were detected in the cells by RT-gPCR. Figure 4B
IL-4 mRNA levels were detected in the cells by RT-gPCR. Figure 4C IL-6 mRNA levels were detected in
the cells by RT-gPCR. Figure 4D IL-18 mRNA levels were detected in the cells by RT-gPCR. Figure 4E
SMPDL3B mRNA levels in stably expressing sh-SMPDL3B or sh-control cells were detected by RT-qPCR.
Figure 4H PRRSV mRNA levels were detected in the cells by RT-gPCR. Figure 4M SMPDL3B mRNA Levels.
The levels of SMPDL3B mRNA in stably expressing sh-SMPDL3B or sh-control cells were detected by
RT-gPCR. Figure 4N PRRSV mRNA levels. The levels of PRRSV mRNA were detected in cells stably
expressing sh-SMPDL3B or sh-control MARC-145 cells infected with PRRSV-JXA1-R (MOl = 0.1) for 48 h
using RT-gPCR. Figure 4P SMPDL3B mRNA Levels. Figure 4R PRRSV mRNA levels. Figure 5A PRRSV
mRNA levels were detected in cells by RT-gPCR. Figure 5D PRRSV mRNA levels were detected in cells
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Table 2. Primers used for RT-qPCR

Primer Sequence Product size (bp)

Q-sus-SMPDL3B CAGCATAGACTTGAGTATCTGGAAA 214
GGGGACTACCTCTGCGATTC

Q-sus-FGF10 TGTTGCTGTTCTTGGTGTCTTC 179
AGAGAATAGCTTTCTCCAGCGG

Q-sus-GPS2 GGAACAAATCCTGAAGTTGCAGG 195
ATGCTGAGGAGGTGAGTTCCT

Q-sus-MGAT5B TGCTTCTGCACAGCAAGGTG 196
CAAAACCACTCGACCTCACTG

Q-sus-KCNC2 TTCTTCTTCGACCGGCACCC 208
TCTCGAAGATGTCGAGCGCC

Q-sus-GADPH AAGTTCCACGGCACAGTCAA 161
GCCTTCTCCATGGTCGTGAA

Q-sus-B-actin CTGAACCCCAAAGCCAACCGT 317
TTCTCCTTGATGTCCCGCACG

Q-Chlorocebus-B-actin CGTGGACATCCGTAAAGAC 182
GGAAGGTGGACAGCGAGGC

Q-PRRSV ORF7 AAACCAGTCCAGAGGCAAGG 222
GCAAACTAAACTCCACAGTGTAA

Q-sus-ACC1 GGAGACAAACAGGGACCATTACA 144
CAGGGACTGCCGAAACATC

Q-sus-FASN TGCTCCTGCACGTCTCCC 240
CTGCTGAAGCCTAACTCCTCG

Q-sus-SCD AATGGAGGGGGCAAGTTGGA 196
GGTGGGGATCAATATGATCCC

Q-sus-ATGL TGTGGCCTCATTCCTCCTAC 271
TCGTGGATGTTGGTGGAGCT

Q-sus-HSL TCAGGTGTCTTTGCGGGTAT 213
CTTGTGCGGAAGAAGATGCT

Q-sus-MGL GTCTTCCTTCTGGGCCATCTC 157
GTTGAGCACTTTCGCAGCAA

Q-sus- IL-1B ATGGCTTACTACAGCGGCAA 306
ACAAGCGTCGTTATTGCGTG

Q-sus-IL-6 CGGATGCTTCCAATCTGGGT 855
CAGGTGCCCCAGCTACATTA

Q-sus-IL-8 AAAACCCATTCTCCGTGGCT 352
AGGTGCAAGTTGAGGCAAGA

Q-sus-TNF-a CTGTAGGTTGCTCCCACCTG 176
CCAGTAGGGCGGTTACAGAC

by RT-gPCR. Figure 6A RT-gPCR analysis was performed to determine the number of PRRSV particles on
the surface of stably expressing sh-SMPDL3B or sh-control cells. Figure 6C RT-gPCR analysis of PRRSV
numbers in stably expressing sh-SMPDL3B or sh-control cells. Figure 6G The efficiency of viral assembly
was determined by the ratio of the virus titer in the supernatant to the total PRRSV genome. Figure 6H
The efficiency of viral secretion was determined by the ratio of intra- and extracellular infectivity relative
to total infectivity. Figure 7E Levels of ACC1, FASN, and SCD were detected by RT-qPCR. Figure 7F Levels
of ATGL, HSL, and MGL mRNA expression were detected by RT-gPCR.).
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