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Abstract

Peste des petits ruminants (PPR), caused by the peste des petits ruminants virus (PPRV), is a highly contagious
disease affecting ruminants. While goats and sheep are well-known hosts, PPRV has also spread to wild ruminants,
and it remains unclear which ruminant species can be infected. SLAM (Signaling lymphocytic activation molecule)
acts as the primary receptor for PPRV, playing a crucial role in the viral infection process. Identifying which ruminant
SLAMs can mediate PPRV infection is essential for understanding the potential hosts of PPRV, which is vital for effec-
tive eradication efforts. In this study, we first extracted 77 ruminant species' SLAM sequences from ruminant genome
database. Based on these sequences, we predicted the structures of ruminant SLAMs. The analysis revealed that SLAM
conformation is similar across ruminant species, and the potential PPRV H protein binding domain residues were
conserved among SLAMs of these 77 species. Phylogenetic analysis of SLAM grouped ruminants into six families. We
then selected representative SLAMs from each ruminant family to assess their role in PPRV infection. Our findings
demonstrated that ruminant SLAMs efficiently mediated PPRV infection, with enhanced viral amplification observed
in cells expressing SLAM from java mouse deer (Tragulidae) and goat (Bovidae), compared to cells expressing SLAM
from white tailed deer (Cervidae) and giraffe (Giraffidae). These results underscore the need to consider a broader
range of potential host populations beyond goat and sheep in efforts to prevent and eradicate PPRV.
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Introduction

Peste des petits ruminants (PPR) is a highly conta-
gious viral disease affecting small ruminants, caused
by the peste des petits ruminants virus (PPRV). PPRYV,
a member of the genus Morbillivirus in the family Par-
amyxoviridae, is an enveloped RNA virus with a non-
segmented, negative-sense, single-stranded genome [1].
In terms of genome length, PPRV is noted as the larg-
est member within the Morbillivirus genus, with 15,948
base pairs [2]. The genome encodes six structural pro-
teins: nucleocapsid protein (N), RNA-dependent RNA
polymerase (L), RNA polymerase phosphoprotein
cofactor (P), matrix protein (M), fusion protein (F), and
hemagglutinin protein (H) [3]. PPRV primarily infects
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ruminant animals, notably sheep and goats, and is char-
acterized by clinical symptoms including fever, pneu-
monia, diarrhea, and inflammation of the respiratory
and digestive tracts [4]. The disease can result in mor-
bidity and mortality rates approaching 100% [5]. Con-
sequently, PPR has significant socio-economic impacts
on the livestock sector, particularly in economically
dependent and least developed countries. Following
the successful global eradication of rinderpest in 2011,
the Food and Agriculture Organization of the United
Nations (FAO) and the World Organisation for Animal
Health (WOAH) have prioritized PPR as the next target
for global eradication efforts [6].

The ruminants are divided into six families: Traguli-
dae, Moschidae, Cervidae, Antilocapridae, Giraffidae and
Bovidae [7]. Although PPR outbreaks are rarely reported
in ruminants other than goats and sheep, PPRV has been
documented to cause fatalities in wild bighorn sheep,
saiga antelope, Asian water buffalo and camels, sug-
gesting a potential spillover of PPRV to wild ruminants
[8-11]. Consequently, to effectively eradicate PPRYV, it is
crucial to determine whether other ruminant species are
susceptible to PPRV infection. The receptor plays a piv-
otal role in viral infection. PPRV binds to receptors on
host cells via the H protein, which facilitates viral attach-
ment to the cell surface [12]. This binding induces con-
formational changes in the H protein, thereby activating
the fusion (F) protein and leading to the fusion of the
viral and host cell membranes [13, 14].

The signaling lymphocyte activation molecule (SLAM),
also known as CD150, and the cell adhesion molecule
Nectin-4 (also known as poliovirus receptor-like protein
4, PVRL-4) are the primary cellular receptors required
for the attachment of PPRV to host cells [14, 15]. Spe-
cifically, SLAM mediates infection in immune cells and
facilitates virus spread, while Nectin-4 is responsible
for mediating infection in epithelial cells [16]. SLAM
expressing on the surface of lymphocytes, serves as the
primary receptor for morbilliviruses, including measles
virus (MV), rinderpest virus (RPV), canine distemper
virus (CDV), and PPRV [17]. Sarkar et al. compared the
amino acid sequences of SLAM from goats, sheep, cat-
tle, and water buffalo, revealing high homology between
goat SLAM and sheep SLAM (96.8%), followed by cattle
(93.5%) and water buffalo (92.9%) [18]. Ohishi et al. iden-
tified eight key amino acid residues in the V domain of
goat SLAM that influence host-virus specific binding,
which are fully conserved in sheep, cattle, and water buf-
falo [19]. Reports indicate that PPRV infection has been
observed in these species, but over the past few decades,
the virus has expanded its host range to many non-nat-
ural hosts through mechanisms that remain unclear [20,
21]. This suggests that PPRV possesses the potential to
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adapt to various new hosts, which could impact the effec-
tiveness of global eradication efforts for PPR.

Understanding whether SLAM from different rumi-
nant species mediate PPRV infection is crucial for
elucidating the progression of animal infections. In
this study, we analyzed SLAM from 77 ruminant ani-
mals and found it to be highly conserved, particularly
in regions potentially involved in interactions with the
viral H protein. Furthermore, cells expressing SLAMs
from each ruminant family effectively mediated PPRV
infection and replication. These findings indicate that
SLAM from various ruminant species can facilitate
PPRYV infection, suggesting that PPRV has the poten-
tial to infect additional host species beyond goats and
sheep. Consequently, these potential host populations
should be considered in PPRV prevention and eradica-
tion efforts.

Materials and methods

Cells and virus

Human renal HEK-293T cells were maintained in high-
glucose Dulbecco’s Modified Eagle’s Medium (DMEM,
Gibco) supplemented with 10% fetal bovine serum (FBS,
Gibco) and incubated at 37 °C with 5% CO,. The Vero
cell line stably expressing Dog-SLAM was constructed in
our laboratory in a previous study and cultured in Mini-
mum Essential Medium (MEM, Gibco) containing 10%
EBS and incubated at 37 °C with 5% CO,. In prior work,
we established a reverse genetics system for the PPRV
vaccine strain (Nigeria75/1) based on the methodology
described by Hu et al. [22]. By inserting the GFP gene
between the P and M genes, we rescued the rPPRV-GFP
(GFP-expressing) strain, which is stored at —80 °C.

Phylogenetic analysis and sequence alignment

The coding sequence (CDS) region of the goat SLAM
gene was downloaded from the National Center for
Biotechnology Information (NCBI) database. Exon
sequences of SLAM genes from 76 other ruminants were
extracted from the ruminant genome database based on
the position of goat SLAM on goat chromosome 3 [7,
23]. The nucleotide sequences of 77 SLAM orthologs
with potential viral receptor activity were analyzed using
MEGA-X (v10.05) software. Sequence alignment was
performed with the MUSCLE algorithm. The alignment
file was used to construct a phylogenetic tree using the
neighbor-joining method with default parameters in
MEGA-X. The phylogenetic tree was visualized using
TVBOT software [24]. Amino acid sequences of SLAM
across different species were compared and analyzed
using EsPript 3.0 [25].
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Protein structure analysis

Using DMFold—Multimer to predict goat SLAM and
PPRV H interactions, and protein structure of six
SLAM homologue, use PyMOL (The PyMOL Molecu-
lar Graphics System, Version 1.7.4 Schrodinger, LLC)
on protein structure comparison and annotations [26].

Establishment of a stable 293T cell line expressing SLAM
receptors

SLAM genes from java mouse deer (JMD), giraffe,
Chinese forest musk deer (CFMD), white tailed deer
(WTD), pronghorn (PH) and goat (MG669626.1) were
synthesized. Codon-optimized SLAM homologous
cDNAs, each with a C-terminal HA tag, were cloned
into the lentiviral disease vector CD513B-Cherry
using the restriction enzymes SgrA I and Kpn 1. The
constructed vector and helper plasmid were co-trans-
fected into 293T cells to package lentivirus. The result-
ing supernatant was collected and used to transduce
new 293T cells. The transduced cells were cultured in
DMEM supplemented with 10% FBS and 3.5 pg/mL
puromycin, followed by subcloning. One positive clone
from each cell line was selected for further subculture.

Western blot

Cells cultured in 24-well plates were washed twice
with sterile PBS and lysed with 80 pL RIPA lysis buffer
containing a protease inhibitor (Phenylmethylsulfonyl
fluoride (PMSF), Solarbio, 1:100). Following, 20 pL of
5x SDS loading buffer was added to the lysate, and the
mixture was boiled for 10 min. The proteins were then
separated by SDS-PAGE using 10% polyacrylamide gels
and transferred onto 0.22 pm polyvinylidene difluoride
membranes (Millipore, USA). The membranes were
blocked with 10% skim milk at room temperature (RT)
for 2 h. Subsequently, they were incubated overnight
at 4 °C with anti-HA (Cell Signaling Technology, Inc)
and anti-p-tubulin (Proteintech, China) primary anti-
bodies. For the infected cell protein samples, additional
incubations with anti-GFP and anti-PPRV N protein
primary antibodies were performed. The membranes
were washed with TBST (TBS buffer containing 0.05%
Tween-20) for five times, with each wash lasting for
5 min. The membranes were then incubated with HRP-
conjugated secondary antibodies at room temperature
for 1 h, followed by washing with TBST five times.
Finally, the membranes were exposed and imaged using
the ECL Ultra-sensitive Kit (Beijing Dining Biotechnol-
ogy, China) and a chemiluminescence imaging system.
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Indirect immunofluorescence assay

Cells were seeded in 48-well plates and cultured until
confluence reached 60%. The culture medium was then
removed, and the cells were washed twice with 100
uL PBS. Cells were fixed with 100 pL of 4% paraform-
aldehyde (diluted in PBS) for 15 min at RT. Following
fixation, cells were permeabilized with 100 pL of 0.2%
Triton X-100. Subsequently, cells were blocked with
100 pL PBS containing 1% bovine serum albumin (BSA)
at 37 °C for 1 h. Cells were then incubated overnight at
4 °C with HA tag antibody (Cell Signaling Technology,
Inc). After five washes with PBS, the cells were incu-
bated with Alexa Fluor 488 goat anti-rabbit secondary
antibody (Abcam, UK) at 37 °C for 1 h, protected from
light, and stained with 4/,6—diamidino—Z—phenylindole
(DAPI, Sigma, 1:500). Finally, cells were visualized and
imaged using a fluorescent microscope.

PPRV infection

Cells were cultured to approximately 90% confluence
in 24-well plates and washed twice with PBS. The virus
was diluted in DMEM to achieve multiplicity of infec-
tion (MOI) of 1 and added to each well. The inoculated
cells were then cultured at 37 °C with 5% CO,.

Virus titration and growth curve

Dog SLAM-Vero-Cherry cells were seeded into 96-well
plates at a density of 1x10* cells/well and cultured
overnight. Each well was then inoculated with 100 pL
of virus diluted tenfold consecutively. The 50% tissue
culture infective dose (TCIDs,) per milliliter was deter-
mined using the Reed and Muench method. The growth
curve of the virus in cell lines was established by infect-
ing cell monolayers with virus at 1 MOI. Supernatants
were collected every 24 h post-inoculation to perform
TCIDg, assays.

Statistical analysis

Statistical analysis was performed in GraphPad Prism
8 software (GraphPad Software, Inc, La Jolla, CA,
USA). The experimental data were analyzed by one-way
ANOVA or Student’s ¢-test. Differences were defined
statistically significant at p<0.05 (*), p<0.01 (**),
p<0.001 (***).

Results

Phylogenetic tree of SLAM genes in the ruminant family
Receptors play a crucial role in determining the suc-
cess of viral infection. Research indicates that the
primary receptor for PPRV is SLAM, also known as
CD150. While PPRV is known to infect not only goats
and sheep but also a range of other ruminants, such as
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cattle and deer, the capacity of SLAM from ruminants
to mediate PPRV infection remains unclear. Addition-
ally, the study of SLAM in ruminants is still limited,
with SLAM sequences from most of ruminant species
remaining poorly characterized.

The coding sequence (CDS) region of goat SLAM con-
sists of 1017 nucleotides, encoding 339 amino acids, and
locates on chromosome 3 of the goat genome. Analysis
comparing the CDS of goat SLAM with the full genome
sequence of chromosome 3 reveals that it consists of six
discontinuous exons at positions 110924672-110924722,
110926293-110926385, 110933533-110933606,
110937958-110938056, 110952013-110952297,

110954237-110954575 and  110963219-110963294.
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Based on these alignment results, CDS of SLAM from 76
other ruminant species were successfully extracted from
the ruminant whole-genome database [7, 23]. Compared
to goat SLAM, the CDS of SLAM from most ruminant
species (56 species) also contained 1017 nucleotides.
Based on these sequences, a phylogenetic tree of rumi-
nants was constructed, revealing that ruminants were
categorized into six families: Tragulidae, Moschidae,
Cervidae, Antilocapridae, Giraffidae, and Bovidae (Fig-
ure 1). The Bovidae family encompassed 54 species,
which were further subdivided into nine subfamilies:
Bovinae, Antilopinae, Aepycerotinae, Cephalophinae,
Reduncinae, Hippotraginae, Alcelaphinae, Pantholopi-
nae, and Caprinae. The Cervidae family comprised 15

Goat

Capreolinae

Cervinae

Muntiacinae

oL CCRRRRRRRRRR

Bovinae

Antilopinae

Aepycerotinae

Cephalophinae

Reduncinae
Pantholopinae

Alcelaphinae

Hippotraginae

R R R R AR AR R AR R AR AR R AR AR AR AR R AR R AR AR AR A AR AR A AR AR R AR AR R AR R SR AR R AR AR R =R == 2

Capridae

EEEEEEPEEEEAEEEEFEZEEEESE
IS TI AT ATIIS s L0 CF

e EEEEFPEEEEEREEEREEREEEERE &I EE EE R
; )
¥

EuropeanMouflon -

Figure 1 Genetic and phylogenetic analysis of the SLAM gene from 77 ruminant species. Analyze the nucleotide sequences of SLAM

from the 77 ruminant species and construct a phylogenetic tree based on these sequences. The tree was constructed using MEGA-X software
program with the neighbor joining method and bootstrap methods estimated for 1000 replications. The constructed phylogenetic tree divides
the ruminants into six families: Tragulidae, Moschidae, Cervidae, Antilocapridae, Giraffidae and Bovidae. The potential PPRV H protein binding domain

of SLAMs from 77 ruminant species were showed and compared.
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species, divided into three subfamilies: Capreolinae,
Cervinae, and Muntiacinae. The Moschidae, Tragulidae,
Giraffidae and Antilocapridae families each contained
1 to 3 species. This SLAM gene-based phylogenetic tree
showed significant similarities in the evolutionary rela-
tionships among ruminants compared to those derived
from whole-genome data [7]. For example, Antilocapri-
dae and Giraffidae were closely related, while impala and
suni formed a sister-group relationship, and bushbuck
and mountain nyala were similarly positioned (Figure 1).
These findings suggested that SLAM gene similarity
among ruminants could partially reflect their evolution-
ary relationships.

Analysis of amino acid residues in ruminant SLAMs may
interacting with PPRV H protein

SLAM is a type I transmembrane protein consisting of
extracellular, transmembrane, and cytoplasmic regions.
The resolved structure of the human SLAM protein
shows that the Ig structural domains in the membrane-
distal V domain of the extracellular region are primar-
ily recognized by the viral H protein [27, 28]. Based on
the crystal structure of the measles virus H protein and
human SLAM protein, a model of the PPRV H-goat
SLAM protein complex was constructed (PDB ID of the
template: 3ALZ. TM-score: 0.52. RMSD?% 2.61) [12]. The
predicted model revealed that sites on SLAM responsi-
ble for interaction were all located in the V region (Fig-
ure 2A). Interaction sites 1, 2, and 3 on SLAM, located
at ARG72, THR74, and LYS76 on the SLAM [4 sheet,
formed hydrogen bonds with PPRV H TYR524, LEU464,
and SER548, respectively. Interaction site 4 involved
SLAM P4 sheet LYS78 and B5 sheet ARG91, which
interacted with PPRV H ASP505, ASP506, ASP507, and
ASP530 through hydrogen bonds or salt bridges. Interac-
tion site 5, consisting of SLAM 4 sheet ASP83, LYS86,
and B8 sheet GLU123, interacted with PPRV H ARG533
and SER534 via hydrogen bonds, with GLU123 also form-
ing a salt bridge with PPRV H ARG533. Interaction site 6
located on SLAM 9 sheet, including VAL126, VAL128,
GLN129, and HIS130, which interacted through hydro-
gen bonds with PPRV H ARG191, THR192, THR194,
SER550, and TYR551.

Based on the predicted interactions with PPRV-H
involving 12 amino acids, the comparative analysis was
conducted on 77 ruminant SLAM proteins (Figure 1).
Most of these amino acids were conserved in ruminant
except at positions 72, 91, 126 and 130. At position 72,
Bovidae subfamily Caprinae had R, while other species,
except black muntjac, had K. At position 91, the black
muntjac had V, java mouse deer and some members of
the Antilocapridae subfamily had H, while other spe-
cies had R. At position 126, Tragulidae species had I,
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while other species had V. At position 130, Cervidae
ruminants had Q, while other species had H. To further
compare SLAM differences among ruminants, repre-
sentative species were selected from each family: java
mouse deer (JMD, Tragulidae), girafte (Giraffidae), Chi-
nese forest musk deer (CFMD, Moschidae), white tailed
deer (WTD, Cervidae), pronghorn (PH, Antilocapridae),
and goat (Bovidae). Models for SLAM from these 6 spe-
cies were constructed based on the crystal structure of
human SLAM (Figure 2B, left), revealing a similar over-
all structural configuration characterized by two p-sheet
domains in the extracellular head region. The predicted
amino acids interacting with PPRV-H were located in
equivalent positions within the V domain across these
species. Notably, due to the absence of 4 amino acids at
the N-terminus, the predicted pronghorn SLAM lacked
an a-helix compared to SLAM from the other 5 species.
The extracellular domain included a structure composed
of a-helices connected to the head via a disordered linker.
However, the transmembrane and intracellular regions
were predicted to be disordered due to the lack of a crys-
tal structure reference. Furthermore, a comparison of
the amino acid sequences of SLAM from these 6 species
(Figure 2B, right) showed overall conservation with only
occasional differences in certain regions. For instance, at
position 182, goat and Chinese forest musk deer had A,
while giraffe, white tailed deer, and pronghorn had T, and
java mouse deer had D. These less conserved amino acids
did not correspond to the predicted amino acids interact-
ing with the PPRV-H protein. Therefore, we speculated
that SLAM from these representative species across the 6
ruminant families may, as goat SLAM, effectively mediate
PPRYV infection.

Cell lines expressing ruminant SLAM proteins

To determine whether SLAM from the six species can
mediate PPRV infection, cell lines expressing SLAM
were constructed. Previous studies have demonstrated
that PPRYV is insensitive to 293T cells [29]. Thus, 293T
cells were utilized to express SLAM and assess SLAM-
mediated PPRV infection. CDS of SLAM from java
mouse deer, giraffe, Chinese forest musk deer, white
tailed deer, pronghorn, and goat were synthesized,
with an HA tag added to the C-terminus and linked
to the Cherry via a T2A linker. These sequences were
cloned into a lentiviral vector. Following transfection,
transduction, drug selection, and subcloning, multiple
cell lines expressing the red fluorescent protein were
obtained. One cell line per SLAM type was selected
for further analysis (Figure 3A). Microscopic observa-
tion revealed that the red fluorescent cells adhered to
the well, exhibited a polygonal morphology, and grew
in patches, similar to wild-type HEK-293T (293T)
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Figure 2 Structural analysis of the PPRV H-SLAM complex. A Based on the crystal structures of the measles virus H protein and human SLAM
protein, a model for the crystal structure of the PPRV H-goat SLAM protein complex was constructed. The resulting crystal structure identifies
interactions between PPRV-H and six distinct sites on SLAM. In the figure, sites 1-6 are color-coded as follows: purple, pink, yellow, cyan, orange,
and blue. The right panel provides an enlarged view of each site, highlighting the specific amino acid residues involved in the interactions at each
location. B Based on the crystal structure of human SLAM, models of SLAM from the goat (Bovidae), giraffe (Giraffidae), white tailed deer (Cervidae),
java mouse deer (Tragulidae), pronghorn (Antilocapridae), and Chinese forest musk deer (Moschidae)were constructed. The analysis revealed

that these models share a similar overall structure. The right side presents the amino acid sequence alignment results for SLAM across six species.

cells. Upon passaging at a 1:3 ratio, these cells reached
approximately 90% confluence within 2-3 days, with a
growth rate comparable to wild-type 293T cells. The
SLAM gene, theoretically co-expressed with Cherry
due to the T2A linkage, was confirmed. The WB showed
that all six SLAM-293T cell lines expressed both SLAM
and Cherry proteins, whereas the 293T-Cherry cell line
only expressed Cherry (Figure 3B). No significant differ-
ences in SLAM protein expression levels were observed

among the six SLAM-293T cell lines. IFA analysis fur-
ther confirmed SLAM expression in the SLAM-293T
cells, with no SLAM detected in the 293T-Cherry cells
(Figure 3C). Additionally, SLAM localization appeared
to be at the cell membrane rather than in the nucleus.
These results confirmed that these SLAM-expressing
cell lines were suitable employed for assessing whether
SLAM from different ruminant subfamilies can support
PPRV infection.
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Figure 3 Construction of cell lines expressing ruminant SLAM protein. A Microscopic examination of the six SLAM cell lines reveals

no significant morphological differences compared to SLAM negative 293T-Cherry cells. B Western Blot analysis, utilizing the SLAM C-terminal HA
tag, confirmed the expression of SLAM in all six cell lines. C IFA was performed to evaluate SLAM expression. SLAM-HA was visualized in green, cell
nuclei were stained blue, and cells were additionally labeled with cherry protein. The cells were observed using a fluorescent microscope at 400x
magnification.

Evaluation of SLAMs in mediating PPRV infection cell-cell fusion and syncytium formation [30, 31]. To
Previous studies indicated that the goat SLAM not only  determine whether other ruminant SLAMS can induce
mediates PPRV infection effectively but also induces this phenomenon upon PPRV infection, the cells were
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Figure 4 Syncytia of SLAM-Cells infection with PPRV. The cells were infected with rPPRV-GFP at an MOI of 2 and incubated for 48 h. Syncytium
formation was then assessed using fluorescent microscope, with white dashed lines delineating the contours of the syncytia in the red fluorescece

channel.

infected with rPPRV-GFP (PPRV expressing green fluo-
rescent protein (GFP)) and analyzed for syncytium for-
mation (Figure 4). Microscopic observation revealed that
293T-Cherry cells did not form syncytia. In contrast,
cells expressing SLAM of java mouse deer, giraffe, Chi-
nese forest musk deer, white tailed deer, pronghorn, or
goat exhibited clear syncytium formation. GFP analysis
showed that while 293T-Cherry cells were susceptible to
viral infection, GFP-positive cells did not form syncytia.
Conversely, cells expressing SLAM formed syncytia, with
GFP-positive cells participating in this process. Among
cells expressing SLAM from java mouse deer, giraffe,
Chinese forest musk deer, pronghorn, and goat, syncy-
tia almost exclusively expressed viral GFP. However, cells
expressing SLAM from white tailed deer showed incon-
sistent GFP expression in syncytia.

To assess whether SLAM expression enhances viral
replication, we analyzed GFP expression following
rPPRV-GFP infection at various time points using fluo-
rescent microscopy (Figure 5A). At the 24" hpi, SLAM-
expressing cells exhibited weak green fluorescence and
minimal syncytia formation. Among these, 293T-Cherry-
CFMD cells demonstrated the most extensive syncytia
formation, while 293T-Cherry cells did not show green
fluorescence. At the 48™ and 72" hpi, fluorescent inten-
sity increased across all six SLAM-expressing cell lines,
with syncytia enlarging. Due to virus-induced cytopathic
effects (CPE) leading to cell death, fluorescent intensity
decreased at the 96 hpi. Although 293T-Cherry cells
began to show green fluorescence at the 48" hpi, the flu-
orescent area ratio was significantly lower than in the six

SLAM-expressing cell lines, and no prominent syncytia
were observed (Figure 5B). Additionally, to compare viral
replication across various cell lines, cell supernatants
were collected at each time point and measured viral
titers (Figure 5C). At the 24™ hpi, viral titers in the super-
natants from six SLAM-expressing cell lines exceeded
10** TCID;,/mL, which was 17 to 177 times higher than
the titer in supernatants from 293T-Cherry cells. The
virus continued to amplify in all cell lines. However, the
difference in viral titer between SLAM-expressing cell
lines and the 293T-Cherry cells narrowed to approxi-
mately tenfold at the 48" hpi. Then, viral titers in the cell
supernatants decreased and showed no significant differ-
ence compared to the 293T-Cherry control group from
the 72" to 96 hpi.

The discrepancy in viral titer and fluorescence might be
due to a significant amount of viral particles remaining
intracellularly and not being released into supernatants.
To address this, we subjected the cells to two freeze—
thaw cycles at the 72" hpi to release intracellular virus
and re-measured viral titers (Figure 5C). The viral titer in
293T-Cherry cells was 10*7> TCID,y/mL, similar to the
titer in the supernatant. In contrast, viral titers in SLAM-
expressing cell lines exceeded 10° TCIDy/mL, with
293T-Cherry-JMD cells reaching a titer of 10°7°> TCID,,/
mlL, 100 times higher than that in 293T-Cherry cells. WB
analysis of cell proteins at the 72" hpi revealed substan-
tial levels of GFP and NP proteins from rPPRV-GFP in
SLAM-expressing 293T cells (Figure 5D). Although there
were no significant differences in viral protein expres-
sion among the SLAM-expressing cells, the levels were
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notably higher than in 293T-Cherry cells. These results
confirmed that SLAM from different ruminant species
can effectively mediate PPRV infection, which suggest
that these species could be potential hosts for PPRV.

Discussion

Since its initial discovery in Cote d’Ivoire in the early
1940s, PPRV has progressively expanded its geographi-
cal distribution to approximately 70 countries across
Africa, the Middle East, and parts of Asia over the past
20 years [32]. Its high pathogenicity and mortality rate
have exerted severe socio-economic impacts on livestock
industries in many countries [33]. Despite the extensive
use of effective attenuated vaccines to protect sheep and
goats from PPRYV, the virus remains endemic in certain
regions of the world [34, 35]. In recent decades, there
has been a rising incidence of PPRV infections in both
domestic and wild animals not traditionally recognized as
natural hosts, such as dromedaries, gazelles, wild goats,
golden jackals, deer, antelopes, wild boars, and pigs [21,
36-39]. This observation suggests that PPRV may possess
the ability to adapt to new hosts, thereby expanding its
host range. Such dynamics present significant challenges
to global efforts aimed at controlling and eradicating
PPRV.

The virus receptor interaction is a major determinant
of the cell tropism. Research has identified SLAM as the
primary receptor for PPRV. Although studies have shown
that SLAM from goats, sheep, cattle, and buffalo share
high homology and that key amino acids in the V region
are highly conserved, research on SLAM from other
ruminants is limited, and it remains unclear whether
these receptors can mediate viral infection [18]. This gap
in knowledge restricts our understanding of potential
PPRV hosts. To address this, we analyzed SLAM pro-
teins from various ruminants to predict potential PPRV
hosts by examining their phylogenetic relationships.
We extracted CDS sequences of SLAM from 76 rumi-
nant species, excluding goats, from a ruminant genomic
library and constructed a phylogenetic tree based on
nucleotide sequences (Figure 1). We constructed the phy-
logenetic tree using the Neighbor-Joining (NJ) method,
which is commonly used for building phylogenetic trees,
especially when handling large sequence datasets. It
effectively processes distance matrices and generates
the optimal tree structure through iterative optimiza-
tion [40]. The phylogenetic tree derived from SLAM gene
sequences was highly similar to that based on whole-
genome data, although some differences were observed.
For example, while suni is classified under the Antilopi-
nae subfamily of Bovidae in whole-genome analyses,
its SLAM was found to be more closely related to the
Cephalophinae subfamily [7]. Among the 77 ruminants
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analyzed, the CDS sequences of SLAM in most spe-
cies (56) consisted of 1017 nucleotides, identical to that
of goats. In contrast, giraffes and okapis exhibited three
additional nucleotides, leading to an extra amino acid at
the position 192 of the SLAM protein. Furthermore, 18
species displayed nucleotide deletions at various posi-
tions in their SLAM sequences. Unfortunately, it has not
yet been determined whether these differences in nucleo-
tide length are due to sequencing errors or other factors.
If these sequences are correct, these species will express
abnormal SLAM which may not interact with PPRV H
protein.

The crystal structure of the MeV H protein and the
SLAMF1-V domain complex, as described by Hashiguchi
et al., reveals that the 4-6 region of the H protein inter-
acts with the GFCCC region of the SLAMF1-V domain
[41]. Critical for stabilizing this complex are the salt
bridges between residues Asp530 and Arg533 of the H
protein and Glul23 of the SLAMF1-V domain. Addition-
ally, intermolecular B-sheet interactions between resi-
dues Pro191-Argl96 (in 6) of the H protein and residues
Ser127-Phel31 of SLAMF1-V further stabilize the com-
plex [12, 42]. Utilizing the crystal structures of the MeV
H protein and human SLAM protein, we have predicted
the crystal structure of the goat SLAM-PPRV H complex
(Figure 2A) and analyzed the 12 amino acids of SLAM
interacting with PPRV H. Comparative analysis of SLAM
proteins from 77 ruminant species (Figure 1) identified
8 highly conserved amino acids, including the amino
acid at position 123, which is Glu in all ruminant SLAM
proteins. This suggests that SLAM proteins across these
ruminant species may have the capability to bind PPRV
H. In goat SLAM, four amino acid residues—VAL126,
VAL128, GLN 129, and HIS130—contribute to the sta-
bilization of the PPRV H-SLAM complex. VAL128 and
GLN129 are conserved across ruminant species, whereas
the residue at position126 is Ile in Tragulidae and Val in
the other five families of ruminants. For residue 130, Cer-
vidae possess Gln, while the other five families have His.
Further investigation is required to determine whether
these amino acid variations affect the efficiency of SLAM
binding to PPRV H. This will involve constructing and
analyzing cell lines to validate these findings. During the
entry of the virus into the host cell, F protein attaches
to the membrane and HRA (heptad repeat A) and HRB
(heptad repeat B) interact with each other, resulting in
fusion of the virus and host by bringing them close to
each other [14]. Therefore, the F protein also plays an
important role in the process of PPRV infection in cells.
The interaction between the F protein and host cells
should be considered in a comprehensive evaluation of
PPRV’s infectivity. Unfortunately, we have not yet con-
ducted an in-depth study of this aspect.
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We selected a representative species from six differ-
ent families and predicted the crystal structures of their
SLAM proteins. Subsequently, we established cell lines
expressing SLAM from these six species. The stud-
ies demonstrated that SLAM from these species can
effectively mediate PPRV infection. The absence of the
N-terminal a-helix in pronghorn SLAM did not impact
its ability to mediate PPRV infection, suggesting that
these species may serve as potential hosts for PPRV (Fig-
ure 5). Additionally, the evaluation of PPRV proliferation
in JMD-SLAM-293T cells showed the highest efficiency
(Figure 5B), indicating that this cell line could be utilized
for large-scale virus propagation in vaccine generation.
Analysis of syncytia formation and viral titers post-PPRV
infection revealed that, compared to other SLAMs,
SLAM of white tailed deer exhibited less infection effi-
ciency (Figure 4). Based on the crystal structure analysis
of the goat SLAM-PPRV H complex, we hypothesize that
this reduced efficiency may be attributed to the Gln resi-
due at position 130 in Cervidae SLAM, as opposed to His
in other species. For human SLAM, the 130th amino acid
is His and plays a pivotal role for interaction with Mev H
protein [12, 43].

In addition to pronghorn, sequencing results from
SLAM genes of various other species also reveal nucle-
otide deletions. However, we have not yet synthesized
these genes to construct stable cell lines for assessing
their ability to mediate PPRV infection. Furthermore, it
remains undetermined whether these nucleotide length
discrepancies are due to sequencing assembly errors.
Should sequencing confirm that these nucleotide dele-
tions are authentic, they may lead to frame shifts dur-
ing translation, potentially resulting in improper protein
expression (see Additional file 1). Future research will
involve cloning these SLAM genes into lentiviral vectors
to develop stable cell lines, which will be used to evaluate
their ability to mediate PPRV infection. If it is confirmed
that nucleotide deletions in SLAM genes from these
species contribute to reduced susceptibility to PPRYV, it
would suggest that not all ruminants are susceptible to
the virus. This finding would provide significant insights
for the development of ruminant species that are less sus-
ceptible to PPRV.

In summary, we conducted a preliminary analysis of
SLAM receptors from 77 ruminant species and selected
representative species to evaluate their capacity to medi-
ate PPRV infection. Both genetic evolutionary analysis and
SLAM functional validation indicate that these species are
capable of mediating PPRV infection, thereby providing
deeper insights into the potential host range of this virus
at the cellular level. The results also suggest that the distri-
bution of PPRV may be significantly broader than previ-
ously recognized, underscoring the necessity of monitoring
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susceptible hosts and contributing positively to the global
effort to eradicate PPRV.

In this study, we analyzed SLAM receptors from 77
ruminant species and identified them as highly conserved,
particularly in regions likely involved in interactions with
the viral H protein. Additionally, cells expressing SLAM
from each ruminant family effectively mediated PPRV
infection and replication. These findings suggested that
SLAM receptors from various ruminant species can facili-
tate PPRV infection, indicating that PPRV might have the
potential to infect many ruminants. Consequently, these
potential host populations should be considered in strate-
gies aimed at preventing and eradicating PPRV.
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