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Classical Swine Fever Virus Entry into ST Cells by Clathrin-mediated Endocytosis Pathway

LIANG Wu-long, FANG Jia, LIN Zhi, ZHENG Min-ping, BAO Chang-lei,
WANG Tao, ZHANG Yan-ming”
(College o f Veterinary Medicine , Northwest A&F University, Yangling 712100, China)

Abstract; Cell entry of virus is an indispensable process in virus life cycle. However, the mecha-
nism of classical swine fever virus (CSFV) cell entry is still undiscovered. Here, CSFV entry into
ST cells by clathrin-mediated endocytosis was tested. Chemical inhibitor chlorpromazine and Dy-
nasore and shRNA were used to disturb the clathrin-mediated endocytosis. The cell entry effi-
ciency of CSFV was greatly decline when the function of clathrin and dynamin-2 were blocked. By
using NH, Cl and down-regulation of Rab5 and Rab7 gene, CSFV infection was inhibited. These
results showed that the CSFV can entry into susceptible cells by using clathrin-mediated endocy-
tosis pathway and the early endosome and late endosome were used for CSFV infection. This re-
search provides new information to understand the CSFV infection.
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(CPZ). Dynasore W H Sigma 2\ #; B K & &
(PI593) Wy B A= A AR C R AT PR 7l 5 S e 5
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transfection reagent W | Polyplus-transfection /%
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Table 1 Parameters of the short hairpin RNA (shRNA)
shRNA %51 (5'-3") Sequence
CHC shRNA-1 GCAGATAAGTGAGAAACATGA

CHC shRNA-2 GCAGTTTGCTCAAATGTTAGT

CHC shRNA-3 GCAGAGAAAGCAACTGTTATG
dynamin-2 shRNA-1 GCTGGTGAAGATGGAGTTTGA
dynamin-2 shRNA-2 GCCAAGTTTGAAGTGTGTTGA
dynamin-2 shRNA-3 GGAGAACCAAGGACCAGATTC
Rab5 shRNA-1 GGGCCAATTTCATGAATTTCA
Rab5 shRNA-2 GCCTAGCACCAATGTACTACA
Rab5 shRNA-3 GCACAGTCCTATGCAGATGAC
Rab7 shRNA-1 GGAAGACATCACTCATGAACC
Rab7 shRNA-2 GGAGAGATGAGTTTCTCATCC
Rab7 shRNA-3 GGAGCTGTACAACGAATTTCC

Scrambled shRNA GATGAAATGGATAGAAGTACA

CHC. [ #% & 11 i 5
CHC. Clathrin heavy chain

1.4 REBREMAGYALE

9 TR YL AT 1 h A0 B 40 i, 9 BL7E
CSFV 541 ErY 1 h W b 4efr 25k 2. 1
o B 5 240 M T 58 I L 25 W) e B R R TR B
Fedui, FH PBS X 40 g i vk 3 Y. I FH B I A 30 s,
DA B W S A 200 3 T A s kL 1 o A S o 4 £
AR SRS
1.5 2 B % % 0 BRI 20 A O

W ST 4i e 15 9% T 6 fLAR b, fFal i iC & &
St IVACIZS S L B = T 7 = A N
jetPRIME transfection reagent # {E Ui B #F 17 5%
e, Bt 24 b5 [a] 40 0 A 0 IR S g 2RO BH P
240 M 3E AT O E L 1 B MR AH B % 0k B 90 20 LL BB,
XF 1 PR AT A I L U U T 0 AR R A R A i
M T2l 5
1.6 RNA $2EUE Real-time PCR

A E RNA GE 3 Trizol 2 #E47 #2142 1)
A RNA Z 9 B2 i I 4 B8R R & A 48 =
A% cDNA, Real-time PCR 5|4 i 4 3L K 2
Al UGER 2 SO AR e i BN R 347 . 95 °C AR
10 min;95 CAEME 10 5,60 “CiB K FNZEM 30 s,
40 MR . Bactin FERE NS ILE .
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Table 2 Primers used in this study

5| ) Primers JF5(5'-3")  Sequence
CSFV-F GATCCTCATACTGCCCACTTAC
CSFV-R GTATACCCCTTCACCAGCTTG
B-actin-F CAAGGACCTCTACGCCAACAC
Bractin-R TGGAGGCGCGATGATCTT
CHC-F CAGATACCATCCGTCGGTTCC
CHC-R TGAAGTACCGGCCTACACAGTTC
dynamin-2-F CACAGAGCAGAGGAACGTCTACAA
dynamin-2-R CTGGGCTCCATCCTCATTCTC
Rab5-F CCAAAGAATGAACCACAGAATCC
Rab5-R TACTACAACACTGACTCCTGGTTGG
Rab7-F AAGGTGCTCCAGTGGTCTGACTC
Rab7-R TGAAGGTAGTGGCGTTGGTAACA
1.7 [E#EREREKN(IFA)

i )2 A% 2 B E R E 2 20 min,
PBS 7 ¥k 3 ., ] 1% Triton X-100 % K ZF & 10
min; 5 % B AR W5k 44 6 ho SRR ¥ BT CSFV Z404%
BT = 100 1Y Ho A5 30 8 ) 0 B 3 4% s T PBS TR UE 3 1K
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AR LS Z A/ B SRl T CPZ ) 4 il 2 42 vk
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G A R E S WL T 5 2058 ) e K& 42
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h J5 U5 B 40 B L 3 3 Real-time PCR 3l CPZ %f
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K. FEE CPZ AL BHW BE R3S K. L 9 CSFV & it~
REFEE 23, ] 20 pmol « L1 CPZ Ab P40 AL )5
HEA4N CSFV FRE T 25 92% (& 1B), CSFV &%
YeJ5 24 hyalad IFA W CPZ 4 BEX} CSFV AR AL
R . 558 8K ,20 pmol « L' CPZ ALBH S CS-
FV ke i1 240 i 250 o ik 2 020 (&1 10)
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Relative CSFV RNA quantity
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CPZ concentration

> 400 pm

A. A CPZ AE ST 41 1 9 % 40k BE Kol s B. Real-time PCR Ky 9 A 7] B CPZ Ak BEJG LY CSFV 4 4k 5 C.

IFA WL CPZ Ab ¥l J5 CSFV Ry 40 i A8 1k s = .

P<C0.05, % *.

P<C0.01

A. The safe concentration of CPZ;B. Cellular CSFV RNA in ST cells with or without CPZ treatment;C. CSFV-in-

fected ST cells with or without CPZ treatment was observed by IFA; x .

1% E B AIEMEF CPZ XF CSFV X\ {2 40 i B9 2% 1

B1

Fig.1 Effect of CPZ on CSFV cell entry

P<C0.05, » %, P<{0.01
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2.2 CSFV RN 22 FEXF Dynasore %
Dynasore J&3J J7 8 H B9 7 il 5] . Dynasore 7
ST 40 Jfg b i) B K% AW E A 15 pmol « L1 (&
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N REFEEE BN, 24 Dynasore {8 A ¢ & 35 3] 15
pmol « LTI, 4 il Py CSFV & 58 F 3] T %t #8 41
(1 30% (I& 2B) ., TFA Wil 25 5 & 7% . Dynasore ()
AEFEXS CSEV 9 40 M A= 5 A A B & 4 il = (&
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Dynasore concentration

CSFV+Dynasore

. 400 um

AL ) Dynasore £ ST 4l F 9% AW E I s B. Real-time PCR £ Il AN [ ¥ & Dynasore 4b B 5 f 9 CSFV &

H;C. IFA W Dynasore L35 CSFV &4 fu iy 28 1k s » .

P<0.05, * » . P<0.01

A. The safe concentration of Dynasore;B. Cellular CSFV RNA in ST cells with or without Dynasore treatment;C.

CSFV-infected ST cells with or without Dynasore treatment was observed by IFA; x .

% 1% 5 ##1 7 Dynasore Xt CSFV X\ {2 40 Bl i 5% i

& 2
Fig.2 Effect of Dynasore on CSFV cell entry
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i 3 o A Y T P 2R A 1 BH R 40 e 35 80 T 902 L |
(K 3A) . FI] Real-time PCR *f 4 40 g F1 25

P<C0.05, * x, P<0.01
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SRR T 29 75 %5 % dynamin-2 3R JH i R
B2 1Y & shRNA-3, # 5t i F i 17 80 % (& 3C),
1M FEHLFE S % CHC il d ynamin-2 K&K 5% 5t A
- A It CHC shRNA-2 # dynamin-2
shRNA-3 ¥ £ FH F )5 2L 5

$t CSFV $#5pF CHC Fl dynamin-2 T 9040 iy
LW CHC 1 dynamin-2 % 5% & F @ % CSFV
NIRRT 7= A2 50 . Real-time PCR A6 I 45
R .CSFV X CHC T M AR HEE ST 41
MO EE . R B T 2970 % 2 X dynamin-2 F 3 40 9 1Y
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Down-regulation effect of CHC;C. Down-regulation effect of

Fig. 3 Screening and testing of CHC and dynamin-2 shRNA interfering cells
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CHC
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Iy
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A. CSFV X CHC T4 4l A RBCER MR s B, CSFV X dynamin-2 T4 4 ML AR BCRE BRI 5 C. TFA £ CS-
FV %t ST 48 FEAL T3040 .CHC Fl dynamin-2 T4 M AT YL % ; . P<<0.05, x %, P<0.01

A. Cell entry efficiency of CSFV in CHC shRNA interfering cells; B. Cell entry efficiency of CSFV in dynamin-2
shRNA interfering cells; C. IFA observation of CSFV-infected ST cells, scrambled shRNA transfected cells, and
CHC or dynamin-2 down-regulation cells; *. P<C0.05, * %, P<(0.01

E 4 CSFV % CHC # dynamin-2 F 3 4N B 2 E B4

Fig. 4 CSFYV cell entry in CHC and dynamin-2 shRNA interference cells
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CSFV RNAMIX} &4t
Relative CSFV RNA quantity

NH,CI¥#J&/(mmol-L)
NH,CI concentration

CSFV+NH4Cl

400 pm

A. Real-time PCR ¥ il AS [A] 4 B NH, Cl £ 35 ifg )y CSFV RNA &4 B. IFA W NH, Cl 4035 CSEV Jgk 4y 41 iy
BIAs s % . P < 0.05, % %, P <C0.01

A. Cellular CSFV RNA in ST cells with or without NH, Cl treatment; B. CSFV-infected ST cells with or without
NH,CI treatment (observed by IFA); %. P < 0.05, % x. P < 0.01

B 5 NH,Cl ¥ CSFV N\ 28I & [

Fig. 5 Effect of NH,Cl on CSFV cell entry
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A. Rab5 Hl Rab7 shRNA A %% Je i % J5 09 40 Ml 98 56 B 7 5 B, Rab5 THRCRAGI ;C. Rab? THERCR AW 5
<0.05, *x x. P<C0.01

A. Rab5 and Rab7 interference cells images;B. Down-regulation effect of Rab5;C. Down-regulation effect of Rab7;
* . P<C0.05, x %, P<{0.01

B 6 Rab5 F0 Rab7 T # 40 B F #Y 7F 1% F0 48

Fig. 6 Screening and testing of Rab5 and Rab7 shRNA interfering cells
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Relative CSFV RNA quantity
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A. CSFV XF Rab5 T3¢ 40 Jl JE e R R A K  ; B. CSFV XF Rab7 T30 40 il Sl e R R K 5 C. CSFV %t ST 40 s . B

HLF e 48 it \Rab5 F1 Rab7 T3t 41 il B e 54 28 119 TEA WL 5
A. Cell infection efficiency of CSFV in Rab5 shRNA interfering cells;
IFA observation of CSFV-infected ST cells, scrambled shRNA transfected cells, and
P<C0.05, % *,

shRNA interfering cells; C.
Rab5 or Rab7 down-regulation cells; .

& 7 CSFV X} Rab5 1 Rab7 T i 40 B 2% S 0 E (9 4@

* . P<C0.05, * . P<C0.01
B. Cell infection efficiency of CSFV in Rab7

P<C0.01

Fig.7 CSFYV cell entry in Rab5 and Rab7 shRNA interference cells
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