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Abstract: [Objective] To investigate the role of type VI secretion system (T6SS) effector
protein Clpv in the pathogenesis of Salmonella typhimurium. [Methods] We cloned the c/pv
gene from SL1344 genome of S. typhimurium and compared it with the c/pv genes of other
Gram-negative bacteria (Pseudomonas taiwanensis, Raoultella planticola, Listonella anguillarum,
Pantoea ananatis, Actinomyces viscosus, and Escherichia coli). The clpv gene was cloned into
pEGFP-NI1 vector to construct the recombinant plasmid pEGFP-Clpv. The protein expression,
localization, and the induced M1 and M2 polarization of mouse macrophages were detected by
Western blotting, q-PCR, fluorescence microscopy, and flow cytometry. [Results] The c/pv
gene was 2 637 bp, showing the highest homology to clpv of P. taiwanensis. Western blotting,
g-PCR, and immunofluorescence showed that the recombinant protein was about 120 kDa and
apparent green fluorescence in cells was found. The protein was located primarily in cell
membrane. The results of q-PCR and flow cytometry indicated that Clpv enhanced M1
polarization (P<0.01) but weakened M2 polarization of mouse macrophages (P<0.01).
[Conclusion] The T6SS effector protein Clpv of S. typhimurium was cloned and expressed, and
its intracellular localization and effect on macrophage polarization were clarified.

Keywords: Salmonella typhimurium; type VI secretion system; Clpv; expression localization;
polarization
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WA GE(T3SS) . 1V BISM UM R GE(T4SS) ., V A4y
W2 G (T5SS) Al VI &I 43 Wb & 48 (T6SS)PT
Pukatzki %" 2006 4 7E R ALK A ey Y iE
T6SS, HBEMEZ 5 R AL A& KPR B e,
Ik — PR SR P e S AN T AR T L 4 -
4 i 42 foh DL KB 01 M O 43 W &R 4R (virulence
associated secretion, VAS)S Y5, T6SS 7 HAth 4
> FR B TR P e AR 4k & BB, UbTT R T6SS 2
B 3 PR AL, 4300 R i il 2 B
£ M (haemolysin coreg lated protein, Hep), 42
MR- H 2R E X G H [ (valine-glycine repeat G,
VerG) Ml AAA+2E ATP i Z X J% Clpy FEH -
Hep 55 T4 W (R A8 HAT B35 A5 M [ R, %)
T T6SS Z 4t i £l 25 FIAN & 119 A5 B o3 A2
DAARBIA, HAE N T6SS BTG T8 84y 7101,
VerG f2— A RIRE, (1T T6SS il 451
IR, — BT S 52 AR 55 AR 0N R F- 45 5
W 2 i 1E FARAMIN . Clpy #dlIE 5 40 TH
XA F MR . 0T A DL DL e PR A 3
PEAASEPT, (H AR EEHLRIASE

oI TR B G B 5 1A S A 8L E -1
JEEBOIE  UIAR DG, T 6 4 LB A7 98 i TR Jied
PR FE R o B FED T T TR IR L RE S 2
& 3 i I S M — SRR B B (INOS)
RO R EA A T M1 TR AL, ptad AR ]
RE 55 AR B A L PN A DA SRS SR LA G o
R R, RAGFEVT ]I SPI-6 8 J1 B RAEFA
S 2 DA 70 1 72 REEUAR L 4 T A % G e v 4 e .
ReJT, (HRHAN & Clpv 28748 B ZREATD ]
] ] i AR D B 5 4 0 2 T AR i T 2
Tk, HAh, T6SS ILREMS S5 AN R i S FE v
i S0 s RAE Sz RO SR, Clpy J& 45
Z: 5 B MR VD T T A SO0 I v AT AE

PRt , A5 1 e SR Clpy 2 1 S 5L 1A
Fo f B 3 3K 3K pEGFP-Clpv, %) 54 5 1
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Bl B AL 2 AR A ) B R E DNA R4
fiff . EcoR 11 BamH 1 FRITERZIR N VI . T4
DNA & #0555 0 B K% 5 AEWHARA R A
v); DMEM 4085575k . iRB{A Lipofetmiane
2000 g { Invitrogen 23 Al ; Ji 4+ IML3E W B Gibico
/N F) ;3 Western blotting A1 1P 41 g 24 ik . 7K H
FLREE R (PMSF) . DAPL Yekh . A ik
£ (BCA)., FPL P-actin BATE R BT AT £ BT
HRP-1gG W HE = REMHE AR A, EH
Marker 1§ H GenScript 2] ; BT GFP HLog [
PLiA(MAb) . R CD206. F¥it CD8O Fl 4L
F4/80 ¥l H Biolegend A H] .
1.3 BAELTESEMEZRIAMEE cpv
EERERES

M4l GenBank 2\ BRAGFEVD A
clpy FER (&5 NC 016810), >KH Primer
Premier 5.0 A1t clpv REHEIW) clpv-F1/
clpv-R1 (35 1), L SL1344 P4 AE At
B clpy FEHIFiE 5 £ pMD-19T K, ¥ 5
FIFH MEGA 6 #{f55 GenBank 2313 HAth 45 >
[ BH M 2006 # [ & 78 R 5 il & (Pseudomonas
taiwanensis) . FHAPI /KR (Raoultella planticola) .
5 F) 0t £ 18 (Listonella anguillarum) . 3% % 2 )5
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Table 1 Primers and sequences used in this study

Gene Primer Sequence (5'—3") Enzyme

clpv clpv-F1 ATGGAAACTCCTGTTTCACGCAG -
clpv-R1 GCAAACGATCTCAAAAACAATCT

clpv clpv-F2 TATGAATTCATGGAAACTCCTGTTTCACGCAG BamH 1
clpv-R2 ATTGGATCCGCAAACGATCTCAAAAACAATCT EcoR 1

q-clpv q-PCR-clpv-F TGACAGCAGAGGATGGAACA -
q-PCR-clpv-R CCTGGATATTGGCACTGGTAAC

iNOS g-PCR-miNOS-F GTTCTCAGCCCAACAATACAAGA -
q-PCR-miNOS-R GTGGACGGGTCGATGTCAC

mCD80 q-PCR-mCD80-F ACCCCCAACATAACTGAGTCT -
g-PCR-mCDS80-R TTCCAACCAAGAGAAGCGAGG

mIFN-y q-PCR-mIFN-y-F TTAACTCAAGTGGCATAG -
g-PCR-mIFN-y-R TGATTCAATGACGCTTAT

CD206 q-PCR-CD206-F CTGCAGATGGGTGGGTTATT -
q-PCR-CD206-R GGCATTGATGCTGCTGTTATG

IL10 q-PCR-mIL10-F ACTGGCATGAGGATCAGCAG -
q-PCR-mIL10-R CTCCTTGATTTCTGGGCCAT

Argl q-PCR-mArgl-F GATTATCGGAGCGCCTTTCT -
g-PCR-mArgl-R CCACACTGACTCTTCCATTCTT

p-actin p-actin-F GTGACGTTGACATCCGTAAAGA -

B-actin-R

GCCGGACTCATCGTACTCC

—: No restriction sites. Restriction sites are underlined in bold italics.

I (Pantoea ananatis) . K i 2& i (Actinomyces
viscosus) Fl K i Y& 75 Wi (Escherichia coli)] LA}
AN TR I3 R IE VD ) B A T A% A OC R X
Sa i
1.4 pEGFP-Clpv E4HFRHi#iE

DL pMD-19T-Clpv Atz , ARSI
clpv-F2/clpv-R2 ¥ 3% clpy =K FEK, %4 PCR I
7% 8 IE# )G 7o 2 pEGFP-N1 H A% R k%,
(LN AR R Wi AN G = 9 P I AN AT )
pEGFP-Clpv.
1.5 pEGFP-Clpv E4HEBHRIALETE
1.5.1 RKAEMELE pEGFP-Clpyv EHEH
RiE

pEGFP-Clpv = 41 5T f 1 Jig 5T 44 4 5l i A
JCIMLTE JC T DMEM 85 35 385 B i e e
BRI HEK293T 40, %45 24 h

SRR TG DU 2
1.5.2 q-PCR %£E pEGFP-Clpyv E4AE A XRIA
Fe e FR P A R S Y 2 HEK293T
Y, FEYLE 24 h I AEGN, f# ] TRIzol {5
(Thermo Fisher Scientific, Inc)H 45455 YL 1)
& RNA, GGG RNA BT & Ak
B, HH 5%k cDNA 47 q-PCR. S HEARH clpy
LD B AR RE R LA B-actin HINZ:, Ll 2784G
T Clpy 3k 1A X E &
1.5.3 Western blotting £ pEGFP-Clpv £42H
EA=E SN
%8 Zheng VARG T R TR,
WU R . ¥ pEGFP-Clpv T 4 Jit ki %% e &
HEK293T 40, 55 YL )5 24 h W4 4540 BRAH 41 i
EA, IKEAMEIREMEERA, F BCA K5
BER, FFERHN 30 ug/fl, 300 mA H KA
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$%E 1B 90 min, LSS S HGH ¥ PVDF EE T
B AW (S% IR UIH Y PBS W)H, EiRE A
2 h, ARG Bt BT GFP B v i 14 (a% B-actin)
4 °CYLSEIHIMEE , PBS-T VR 3 38, FINA
PR 1o 42 AL W) [ (horseradish peroxidase, HRP)
PRICHEPUR —HUE RS 2 h, PBS-T ¥k
3, TRERIEANR S Z WK, SRR R
#:(enhanced chemiluminescence, ECL)% & H f9
EARIBE,
1.6 pEGFP-Clpv E4HEH I 40 E i

Z I Steiner ZEIRIGKRESE R A Tk
HEATHAE, RGN o RAW264.7 4 fic if
10° A /FL3Fh 2 2 A 2 40 € F 19 24 FL4TAE
REFb, IR HFZRE 1 ng/fLA% Y% pEGFP-Clpv E4H
ok, Y 24 h AL, JOW PBS %
PR 3, A 4%Z KPR E 10 min,
FEEWBEEE A 0.3% Triton-X 100 ZE3 10 min,
32 Triton-X 100 S5-I 5% IR 05Ky = £t
M1 2 h, JAKES 4 MR 2L R E Dil e
10 min, [BIYJ5 JCH PBS #2480k 3 8, n
DAPI ZF YL {5 10 min, JEI% )5 B & Tt it
R MBS
1.7 pEGFP-Clpv EAZEH X ENEZAAE M1
ekl A

%M Mantovani Z¢U5VR1 8 4 U S i 4 A
FUATEAE, MR B RRES R AR i
RAW264.7 4 il 4 8 107 A4~ /FL4EFh 2 60 mm 1T,
K H 4% 88 8 ng/fLF% Y pEGFP-Clpv B4 ik,
PR YL IS 24 h WCAEAIMORE by, — 32 RNA
IS, R q-PCR #: iNOS. CD80 Fi
IFN-y 5 M1 BUEE R (1 SRk - o 53 Ah— 4 IR
10° A/ A GG IR GG B AT 4 5,
FITC FRic i F4/80 A4 LA K2 AH N i) [) 8% B BE
TRIEA TSR F Y, Al PE FRic A9 CDSO Bifk
F1 CD20 HLik s A4 TR I 4, ] 350 pL
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Staining Buffer PR £, =40 M A _EHLIET T
I o 3 3 ) AR R RO ) £ A R
HMEHEE, B FlowJo 10.8.1 {4434 F4/80°
CD80" M1 % [ I 21 i K4 it .
1.8 pEGFP-Clpv E4HE B ¥t E lE A8 M2
R R i A

Z:H8 1.7 Ptk Jr i R g-PCR £l CD206
IL-10 F Arg-1 %5 M2 BUBER (%5 K5 7R
AN MUK 7 A FlowJo 10.8.1 {44y
BT F4/80" CD206" M2 %I i Wi 4 o ¥l .
1.9 HESHEITH

JrA S B 3 K, ] GraphPad 8.0 %K
PEEATEE B, B RS RES ¢ KR TS
FFEEA BT (F: P<0.05 Fm B A Geit24 L,
#*: P<0.01 RRBHREARELER, ns KR
WEER).

2 BRS04

21 RGEDVITESHGEZRAME
clpy EE ELEM 7

B e AL ZEVD T T clpy JE K 41 5 HoAth
LA 2 CBAPE B (B VS R MR L A AP
IR SRR EC I . S 2 ORI
K IRAS R clpy FEDR R PEEAT HEXT, 25
H SR RAGFED T T clpy FePFI G 7 I EA T
(GenBank: KE384450) clpv KN #8156 R
(1),
2.2 pEGFP-Clpv EHAFRHELETE

¥ clpy B Vil % pEGFP-N1 ELA% #ik 3%
&, 3147 PCR AP % 5E . PCR 45 /R TE
2 637 bp IS FUA R/ N—Fr) B 554 (K] 2A),
XF PCR =AU Jp 25 5% 5 A — 2
BamH 1l EcoR T M) %5 25 K B 4 733 bp
AR B 2 637 bp FEH A BL(E 2B). DL 45
M pEGFP-Clpv 5 41 JFORFA 8 i 2 .
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} Salmonella typhimurium strain (NC_016810) ‘

91 Pseudomonas taiwanensis strain DSM 21245 (KE384450)

100 Escherichia coli strain C4435 (CP027851.1)

Listonella anguillarum (GQ118992.1)

o8 Moritella viscosastrain NCIMB 13548 (KF822684.1)

Salmonella enterica subsp CFSAN004346 (AYUNO01000197.1)

100 Salmonella enterica strain NCTC10053 (UGWNO01000001.1)

Raoultella planticola STW0522-56 (AP022438.1)

100 Pantoea ananatis strain BD442 (KF552074.1)

A
0.050 100

Escherichia coli strain BEN2908 ( AY395687.1)

1 BGBEDIE cpy EEMBEME=ZRAME cpy ERNRELEW TN

Figure 1 Phylogenetic tree analysis of the c/pv gene of Salmonella typhimurium and other Gram-negative
bacteria. The box shows the clpv sequence of Salmonella typhimurium obtained in this experiment.
Phylogenetic tree based on nucleotides sequence of homology. Numbers in parentheses represent the
sequences’ accession number in GenBank. The number at each branch points is the percentage supported by
bootstrap. Bar, 0.050% sequence divergence.

Ap M 1 2
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3 000

2000

<2637 bp

1 000
750
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250
100

2 pEGFP-Clpv E4HFHNEE

Figure 2 Identification of recombinant plasmid pEGFP-Clpv. A: PCR identification of c¢/pv recombinant
plasmid. B: Identification of c/pv recombinant plasmid by enzyme digestion. M: DL5000 DNA marker; 1:
PCR amplification of c/pv gene; 2: Negative control; 3—4: Identification of c/pv recombinant plasmids EcoR 1

and BamH I by double digestion.

23 Clpy EEHEBRRIEEE pEGFP-N1 20 BLAH & & 056 A5 5 (K] 3A);

# pEGFP-Clpv Fikif5 4L 2 HEK293T 418,  Image J AL/ Hr4s B @R F4H Tk Clpy 4% (3,
EEULIS 24 h KR (AR IR . 2O MR 4G PG A A F AR JE A 25 5 (K] 3B);q-PCR
R AR Y B4, pEGFP-Clpy Mz 84k RS R B, AHEC T AR Gt B2 Fl s 34

=
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pEGFP-N1 41, pEGFP-Clpv 201 clpv JE R 4% 5
K- 2 T = (] 3C); Western blotting 45 59 iR,
pEGFP-Clpv 145 /& pEGFP-N1 £ 1 #il 120 kDa
#1126 kDa /247 1) H B 571 (K] 3D). LA 45 R 3R
B Clpv B iRk
24 Clpv EHERATHABMEMETE

¥ pEGFP-Clpv it ki J+ 2= RAW264.7 4
L, 55945 24 h FHBOGIERERN Clpy EATE
Ui Mg Rk AL, 4R BN Efk pEGFP-N1
AN T 5) 5045, T pEGFP-Clpv
AN FEAEME FRIL, SL AR R
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~1 o0 o
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Relative Clpv mRNA levels
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3 Clpyv EEEBANRIELERE
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Y1 M B — 35 A e BB E 1 (K] 4A 4B).
2.5 Clpyv EHERFESERMAE M1 B %
RRBLERE

Wk pEGFP-Clpv JFRiF5 UL Jo 20 B FE i
q-PCR il M1 BUAREM: 77+ CD80. iNOS.
1 IFN-y f/) mRNA £ik/K¥-, 2R B TEHE
FZHAFRE M1 B Gy A 8 2 38 i (P<0.01)
(F5); [RIEg =C 4 i R 25 Rt B 7R F4/80°
CD8O0" A FH 4 . 0 441 Jif %5 12 $2 25 385 i (P<0.01)
(Kl 6A. 6B). ZRFEH] Clpv HAERER D
FES M1 RS A0 B i

_.
th
)

ns

o
T

=
i
T

0.0
> O gt

Relative intensity of fluorescence

Groups
P ’\;\ ’C\Qﬂ

QQ &Q
QQ»

& <
D &Oo&

G
N

GFP

B-actin

Figure 3 Expression and identification of Clpv recombinant protein. A: Fluorescence microscopy was used
to detect the expression of Clpv recombinant protein. B: Quantitative analysis of Clpv recombinant protein
expression by Image J. C: The expression of Clpv was detected by q-PCR. D: The expression of Clpv was
detected by Western blotting. ns: P>0.05; **: P<0.01; Scale bar=20 pum.
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A DAPI GFP Dil Merged

Control

10 pm

pEGFP-N1

pEGFP-N1-Clpv

B
300 300 300 - : -

- i -»-Dil == pEGFP-NI1 = Dil - pEGFP-NI1-Clpv

i:; 2501 - Dil -= Control g“ 250 P gs 250‘W

3 200F 3 200 3 200

= {= =

‘5 150} ‘5 150 5 LSO

= 2 o

ks 100 g 100 3 100 +

£ 504 g 501 2 s0f

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Pixel distance Pixel distance Pixel distance

4 Clpv EEEBRTHMBENM T

Figure 4 Subcellular localization analysis of Clpv recombinant protein. A: Laser confocal identification of
Clpv recombinant protein subcellular localization. B: Colocalization analysis of Clpv recombinant protein
and cell membrane by Image J. Scale bar=10 um.

Ay 5 B.,4- Cx 8r ns ek
% ns k% 0 2 e
=4l e o ns *ok L2 7t
: A 2| ;
6 L
(=) == L
a2t S N
@] = =4
)| A 27 z 2
Nl SlEnll
Q L [
=4 =¥ (=4
& QX\\ CJ\Q\x ’ > ’ &@\ QX\\ C\Q\\
F S T F & F s
Q@ <O QQ’ < Q@G
Groups Groups

5 q-PCRMEMRELA M1 BREHEX S FREETK

Figure 5 The changes of M1 polarization related molecules in macrophages were detected by q-PCR. A:
The change of CD80 level was detected by q-PCR. B: The change of iNOS level was detected by q-PCR. C:
The change of IFN-y level was detected by q-PCR. ns: P>0.05; **: P<0.01.
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A Control pEGFP-N1 pEGFP-N1-Clpv
107 For 2] " fa @ | 1 Faor o
1os F0 134 | qpe LO 117 | e 0 o 885
s 2 J
10° <) 10 - s —
y ‘/[ y 7, 10
104 s 10 A 104 F
< /4 « &
10° S iy 10 — 100
10? 10 10
10" 1 Q4 Q3 [ 10" Qe Q3 | 107fQ4 Q3
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Al w0 . il TV . 100
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B 1o00-
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& 6

TS 4R B I 4 B M1 BUARE AR K &3 FK 3R 1L

Figure 6 Flow cytometry was used to detect the changes of M1 polarization related molecules in
macrophages. A: The number of F4/80" CD80" double positive macrophages was detected by flow cytometry.
B: Quantitative analysis of F4/80" CD80" double positive macrophages. ns: P>0.05; **: P<0.01.
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Figure 7 The changes of M2 polarization related molecules in macrophages were detected by q-PCR. A:
CD206 levels were detected by q-PCR. B: The change of Arg-1 level was detected by q-PCR. C: The changes
of IL-10 levels were detected by q-PCR. ns: P>0.05; **: P<0.01.
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Figure 8 Changes of M2 type polarization related molecules of macrophages detected by flow cytometry. A:
The number of F4/80" CD206" double positive macrophages was detected by flow cytometry. B: Quantitative
analysis of F4/80" CD206" double-positive macrophages. ns: P>0.05; **: P<0.01.
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