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ABSTRACT Objective: To screen the host interaction proteins of the severe fever with thrombocytopenia
syndrome virus (SFTSV) nonstructural protein (NSs) by immunoprecipitation combined with mass
spectrometry analysis, to discuss the functions, subcellular localization, and biological pathways of
these interaction proteins, and to provide the basis for clarifying the replication and pathogenic mechanism
of SFTSV. Methods: The eukaryotic expression vectors pSFTSV-NSs-Flag ( experimental group )
and Flag-CMV-3 (negative group) were transfected into the human embryonic kidney 293T cells, and
contorl group (no treatment) was set up. The lysates of the cells in various groups were collected, and
the expression and localization of SFTSV NSs in the host cells were verified by indirect
immunofluorescence and Western blotting methods. The protein lysates were treated with protein A/G and
immunoprecipitation was used to enrich host proteins binding to NSs. The captured interaction proteins
were initially analyzed by silver staining and Coomassie brilliant blue staining to observe the differential
protein bands in various groups; liquid chromatography-tandem mass spectrometry was used to obtain the
information of protein sequences; the reliable proteins were retained and searched by UniProt database;
Gene Ontology (GO) functional enrichment analysis, IPR, eukaryotic orthologous groups (KOGs)
functional annotation, Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment
analysis, subcellular localization, and transcription factor (TF) functional annotation were used to
determine the subcellular structure, gene functions, and biological processes of the interaction proteins.
Results: The immunofluorescence results showed that the SFTSV NSs expressed a single specific band at
relative molecular mass 33 000 and was localized in the cytoplasm in a granular inclusion body-like manner.
The silver staining and Coomassie brilliant blue staining results showed there were significant differential
protein bands between experimental group and negative group. The mass spectrometry results identified 46
potential interaction proteins. The GO functional enrichment analysis, KOGs functional annotation, and
KEGG signaling pathway enrichment analysis results showed that the biological pathways related to viral
translation, cellular metabolism, and protein transport were enriched with a considerable number of
proteins. Eight annotated proteins had intermediate filament domains. The highest percentage of subcellular
localization was cytoplasmic proteins, consistent with the NSs localization site. The TF functional
annotation analysis results showed one protein from the NF-Y family. Conclusion: The interaction proteins
play roles in assisting the proper protein folding, participating in the cribosome translation, and forming the
cytoskeleton, which may be involved in antiviral replication. These proteins can be used as candidate
proteins for further study on the replication mechanism of SFTSV.

KEYWORDS Severe fever with thrombocytopenia syndrome virus; Non-structural protein; Protein-
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Flag Hi &M B 3¢ & Cell Signaling Technology 2% &l ,
fg B ok %% Y ik 7 ( Lipofectamine 2000 ) .
NP-40 4 M R i W X W O B B W
(phenylmethanesulfonylfluoride,, PMSF) 0
Protein A+ G Agarose ¥4 {7 M 3 = K AEY R
ARRAFR, 4XEH EFEZ W B A 2 E R
A B A, In-Fusion® HD Cloning Kit fl RNaseA
B B H A TaKaRa /A Al , # [R 2 R Eagle 5 37 &
(Dulbecco’ s modified Eagle medium, DMEM) .
Opti-MEM | Jif 2F Il 75 A 5 -85 & R 1 A 3% H
Gibco A H] o« EASY-nLCTM 1200 44 F+ 2% UHPLC
Fl Q ExactiveTM HF-X & #% ¥ g [ 3£ E Thermo
NI
1.2 HEK-293T %8 3% # fo bk

¢ HEK-293T 40 g LA 6 < 10°/ 4L 14 % B 45 b &
DMEM 1, & F37°C. 5% CO, 4§l 55 3% 4 v 55
FW. KH, FRAMIEG BRI 80 A4, AL
* J 10 pL. Lipofectamine 2000 % %% 4 pg pSFTSV-
NSs-Flag ki, & 250 pL. Opti-MEM Fi B Jii ki .
] iof 5 B2 (5% O 28 20K Flag, #5F0 2 6 £L28
LB R Ak, ACHR I BCCE R AR 37 °C L
10% Jif 4 1% ) DMCMV-3) Fi4s (A CRAE &b
PR o K T R G 00 B YR & R ICE S5 min, & TH
A Z 6 FLAN ML SR b, BT A M SR A AR

48 h,
1.3 M8 %% %REHEMN SFTSV NSs & & & &
o AL

Fede A8 hJm, W IR, HAE M 1 mL
4% ZR R E 1 h, 1 mLBERELZE vh (phosphate
buffer solution, PBS) ¥ 31K, K 2 min, HFL
BIA 1 mL 0. 1% Triton X-100 #1741 % B 15 min,
PBS Z o B 3 K, A 120 A il HE A
(bovine serum albumin, BSA) ZEj&¥#H 1 h, PBS
G MR 3G . AR R Y BT Flag F NSs %
Zyr, WRLEI N1 : 200, 37 CHFE 1h, W H—
Pt, PBSPEU 3K, #EEINA ZHi Alexa Flour 488
W=EHt/h L IgG (H+1) #1 Alexa Flour 488 1L -4t
% lgG (H+1), FBef A1 : 5005 37 Ci¥ i
#H1h, 3 H0, PBSUEMK 3, 4/, 6-kAE-2-7K
I m| g (4, 6-diamidino-2-phenylindole, DAPI)
fton, ETZOCRMBET, 4 488 nm Uk i
KL FE BLE DL
1.4 Western bloting 3 #& %] & 41 %48 }& ¥ SFTSV
NSs Z& & & & K

Fede a8 hm, FERISRMW, FALINA 250 pL
21 i 24 fif T NP4O 1 2.5 plL & (90 1 57 PMSF,
BT LR WEBHMMERMR, 4°C.
12 000 remin "B 0> 5 min, B BV A 4X &
F B S T K Th o # 10 min 8 %, HEAT
e i R 6N - 3R TN M Tt i BE K B TR (sodium
dodecyl sulfate-polyacrylamide gelelectrophoresis,
SDS-PAGE), F4x LifHEA WS B T —80 CH AT
. RSB UK B S, il T ED
XI5V 12 min %65, 500 BERR Wik £ 0 2 h, sedt
FIW; 1 2000 # B B HT B-actin BTtk (—41) .
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with Tween, PBST) PE¥ 31K, HK 10 min, AIA
DL BRAR 2o S0 1k 9 g A 2 19 1l 3E BT B TgG (HA+L)
(Z40), BBy 1: 3000, ZMRIEIKBEE 1 h.
PBST PE# 3K, &K 10 min, FCE LEIN 1 1H)
4 5R fk 2% & ¥ (enhanced chemiluminescence,
ECL) BEW, BB E2RMBMOEEE L 55
pSFTSV-NSs-Flag it k7 (1) HEK-293T 41 il & 1 £
e AE SR A, % G =S K Flag-CM V-3 1) HEK-
293T AR A A BIPELL, 25 FH 4R I Flag b5 % 5T
I H R . R4 A s RO U A %€
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Ve
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J % 43 PE RN 60 000 (200 mez '), B A&
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58 3 HE 44 S HT 40 00 H BEES F, OR R v R A T A S
LR, AT TR RN, T S BRI
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C-trap f K UE AR 45 ms, KB 4050 8 fE X
F27%, BERER N 2.2} 10", B A HER I H % N
20 s, A= RN R OBE R DU IR 4G A P95 [ A Proteome

Discoverer 2. 5 lUHEATEUIE ER R, SECOXEWNT .
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%N 0.02 Da, [ @ik L mtit, e
WA AR, SRR 2 IR UIL A o KR E A
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PSMs, /D45 1A% A KB & ARy vl {5 &
M, REEE G PSMs Ml G &M, i TR E
BL%  (false discover rate, FDR) 521k, [k FDR
KT 1% BYRRBAEH .
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(5.22—61.0/f) #fF, iid Plam Boi Lo 74 2
EH I HE AL (Gene Ontology, GO) IhREE R
FEE 15T 445 0 RN B R A7 s 8Os 2 (TPR), M4
s 4 4> (cellular component, CC) . 4 F ¥ fig
(molecular function, MF) F/E# ik # (biological
process, BP) 42 T KT, RINEZAEY
[{ 2 (1 % 40 (EuKaryotic Orthologous Groups of
proteins, KOGs) ¥ B 45 1" (http: //www.
ncbi. nlm. nih. gov/KOG/) Ml B & A W & A #%
(Clusters of Ortholgous Group of Proteins) #{ % /&
I Y A e, AR SR A A R 4
4 ' (Kyoto Encyclopedia of Genes and Genomes,
KEGG) {5 %5 i #% & % 4t (htp: //www.
genome. jp/kegg/) WEE A S 5 M ELEA
REE R AE S R iEA . WA EAFE 48
KM Cell-mPLOC 2.0 7, % 5 15 51 (1 2 1
# 17 BLAST (2.2.26 fx) LX) (blastp, evalue<
le-4), BEHUABd @ WXT L4 AT IR, T
W s 0678 . % 5k 7 (transcription
factor, TF) WHR &L BE R WEARM
BLAST (2.2.28 /%) Ml hmmer (3.1h) # %}
PlantTFDB """ % 4 P& 3 47 b xF, & M iTAK
(1.7 fR) %K AF % Animal TFDB ™ 804 P2 2 17 1
XF, T O A O A O B ok I DL AT & Y
TF FK .
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2.1 SFTSV NSs # & ik fo & 45 B % A
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M, R S0 4l Flag $T 1K Al NSs % £ Bt
Y n] R SR R ) E 4 ROk SETSV NSs. £ ik
SEMTARES, ARERQWEE, A



1290 FH R ()

¥(50% 5 202449 A

41 5% Y 25 3% TR I B M AL B Ok R S
WLET R 2,

2.2 SFTSV NSsZ& g RZEAKF S04 AE AR 53
T & 33 000 &b HEEBH B 4k, AR A BB AR B R
AN, BRI AR AR A, RIS A
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NSs#HEH. UK 3.
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DAPI
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L 4B
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B 1 FlagGiAERJGE SFTSV NSs B2 E M E AL
Fig. 1 Expression and localization of SFTSV NSs after treated with Flag antibody
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Fig. 2 Expression and localization of SFTSV NSs after treated with NSs antibody
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1 2 3 Mr
SFTSV MSs 48 000
B-actin b I S — 35000

Lane 1: HEK-293T cell samples transfected with SFTSV NSs;
Lane 2: HEK-293T cell samples transfected with Flag-CMV-3;

Lane 3:Untreated cells.

B3 SFTSV NSsZ H7E 40 o Rk
Fig. 3 Expressions of SFTSV NSs protein in cells
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Lo LR ERE 1A E A, KEGGHE 5l ks
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T SA. GOYIREHEREL R : BPERE/REAE
B E BRI A R A0 A A DR RS 1 AR W R
iy CCERERPTHLZEATERE, HIKEZ
R R AN X, MF 855 8o & £ 20 & H 2 2
orFiEtE . RS54 GTE . ATP 5 DNAS S
WM. WE 5B, COG U i) A% A4E 1 KOGs
HRT R R FEEOERE. RN
MAEY R AESBE P EERE, HREMFEB.
B IS A AEAR TR 2 5 Al R AR R
o WK 5C., KEGGF5 il % & 4 i i
WAEE N S . AR URDR RE S | R A R e M
WA K, SHBEEBNIE., KRS hEAT
&, SHESHS . F AN R G0
o WLESD,

180 000

75 000

25000

B

A:Silver staining(Lane 1: Marker; Lane 2: Experimental group ; Lane 3: Negative group) ; B:Coomassie brilliant blue staining(Lane 1:

Experimental group ; Lane 2: Negative group).

B4 SEEEFNERENSEE D RER AR

Fig.4 Results of silver staining and Coomassie brilliant blue staining after immunoenrichment
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Tab. 1 High abundance proteins screened by retrieval

Protein Gene PSM Feature or function

H6VRFS8 KRT1 8 Cytoskeletal cross-linking
AOATIZYQDB2 HSPA9 7 Cooperative immunity
AOA7POTAIO HSPAS 7 Protein folding companion
ASA3EO POTEF 3 Promote apoptosis

Q15084 PDIAG6 1 Inhibition of misfolded protein aggregation
AOA7S5EUS7 IGHV1-69 1 Activated in response to cellular stress
B4DI39 HSP70-1 3 ATP-dependent protein folding chaperone
Q14257 RCN2 1 Calcium binding

Q4VB24 HISTIHIE 1 Structural components of chromatin
E7EUTS GAPDH 1 Catalytic activity

B4DJ30 Neutral alpha-glucosidase AB 2 Hydrolase activity

Q6LCO1 3-Tubulin 2 Structural components of the cytoskeleton
Q05639 EEF1A2 1 Promoting GTP-dependent binding of aminoacyl tRNAs to the ribosomal A site
VOHWE1L HEL113 1 Binding protein

A6NG45 PRDX4 1 Antioxidant protein
AOASISKW59 ERP44 2 Regulation of calcium release
B2R4RO HIST1H4J 1 Protein transmembrane transport
P36578 RPL4 1 Protein synthesis in cells
H3BT71 RBMX 1 Antiviral activity
A0A024R943 TOR3A 1 Binding protein

QY69H8 MYDGF 1 Secretory protein

J3KRX5 RPL17 1 Structural protein

P69905 HBA1 1 Oxygen transportation
Q6GMXO0 Ig-like domains 1 Structural domain protein (SDP)
S6BANG IgG L 1 Structural protein

foctor Y-B subunit, NF-YB), ULKI 6B, NF-YB ¥
A NF-Y TF &k, BA —BEMAEATT ST
MIPESEIL, JE DNAZASUEA EENYIEEE. T
240 0 o 5 SR s A L v 25 2 T L o s
M O R 23.08%, MMANE AT B K
17.95%, &R E A A% 15.38%, ZEHE
#12.82%, MM EHE S 10.26%, WK
WA S 7.69%, BEEH %5 13%, 1
DWEHASFRL 3%, BHAEAEAEH X
2.56% . WLIE6C,
3 3

A A=A R et )z, ik
BARGEAE Y | & REE M SR R, &
P10 4 2 IF 58 DR 1 o 2 R TR M A5 R E S, L
B 28 T B 11 03 2Z 81 BARBIE S o ASAIF 5% SR FH B 2 07T
TEB A % 2 A 15 A Flag #3258 19 SFTSV NSs B

A OB R Y HEK-293T 4, R br & br ikl
RENSs BAERE EEE, SRIkPIPEE, ik
B 08 URE S B PR AR A 25 AR, M AR
Y 22 S AEREAR BRI, 153 22 R EH R EY
5 o AW GEH i YL Flag br 25 09 25 84K & R [
PR, HSEE A Xy, 0 2 2 2 R e B Y R
H, RREE B 1 R —pR 25 1Y R 5 1k
EHSE, Mg B RS R T M E. R
Proteome Discoverer 2. 5 X%} 45 8 i 17 12 8 - 4 — #F
HAEEE (UniProt) WiffrRe g, 8% &
P X8 I 18 P — 1 Jok BB ofe DG JC AR 0 28 1, I AR X
W IR A MR E R 2R, oS
SETSV NSs A LAJE il 5 59 ¥ 78 8 H i

SFTSV W %5 & & M &% & A & & 1k
(ribonucleoprotein complexes, RNPs) 7 @l & 5
Feak B4 v, 740 RNPs #5475 & 5 00 9 5 0
I HEA R R, 41 2 AR 1 ORIz 11 M A
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homophilic cell adhesion via plasma membrane adhesion molecules

regulation of G-protein coupled receptor protein signaling pathway

Functions annotation

A

KOGs function classification

A: ANA processing and modification (1)

B: Chromatin

structure and dynamics (3)

C:Energy producton and conversion (3)
G: Carbohydrate transport and meiabolism (2)

ribosomal structure and biogenesis (4)

Number of matched proteins

modification, protein turnover, chaperonas (10}

vedicton only (3)

Z: Cytoskeloton (@)

A B ¢ G J K L M O R S T U z

Function class

C

GO annotation

intracellular protein transport

proton transport:
killng of cells of other organism

lipoprotein metabolic process

$5900.d (20l

ATP metabolic process
translation
cell redox homeostasis 1

oxidation-reduction process

nucleosome 1
extracellular space

nucleus

Jejnjigdy

membrane

integral component of membrane

~

extracellular region

ribosome.

~

intermediate filament. id

oxidoreductase activity

oxygen binding

uonounJ Je|ndejo

heme binding

structural constituent of ribosome

~

GTPase activity

~

calcium ion binding
DNA binding
ATP binding
nucleic acid binding

S

structural molecule activity

o
s

°
»
-

Number of proteins.

@

KEGG pathway annotation

Cellular Processes

Genetic Information Processing

Human Diseases
Substance dependence
Neurodegenerative diseases
Infectious diseases: Viral
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Fig. 6 Structural domains, TF, and subcellular localization annotation
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