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Abstract: [Objective] Corynebacterium pseudotuberculosis (Cp) infection of animals often causes
visceral and superficial lymph node abscesses, which is characterized by a large increase in
inflammatory cytokines at the infected site. This study aimed to investigate the effect of
Corynebacterium pseudotuberculosis (Cp) infection on IL-1o maturation and secretion in macrophages
and the underlying mechanism. [Methods] The IL-la expression, maturation and secretion in
macrophages infected with Cp (ATCC19410, XH02) and phospholipase D gene (pld) deficient strains
(ATCC19410Apld, XHO2Apld) were evaluated by real-time quantitative PCR, ELISA and Western
blotting. Further, the effects of Ca®" chelates (EDTA, EGTA+Mg’" and BAPTA-AM) and calpain
inhibitors (calpain inhibitor III, calpain inhibitor IV and EST) on IL-1a maturation and secretion in
macrophages infected with Cp were tested. [Results] Cp infection induced increasing of IL-1a mRNA
expression and secretion in macrophages, and the IL-la mRNA expression and secretion in
ATCC19410Apld-infected and XHO2Apld-infected macrophages were significantly decreased
compared with those of ATCC19410-infected and XHO02-infected macrophages. The intracellular Ca*"
concentration and calpain activity were elevated in macrophages after Cp infection, while they were
lowered in those infected with pld deficient Cp. Treatment of EDTA, EGTA+Mg2+, BAPTA-AM,
calpain inhibitor Il and calpain inhibitor IV resulted in remarkable decrease of IL-1a expression and
secretion in Cp infected macrophages. [Conclusion] Cp infection induced the IL-la expression,
maturation and secretion in macrophages, and phospholipase D was involved in this process. The IL-1a
maturation and secretion in macrophages mediated by Cp were related to the increase of intracellular

Ca”" and the activation of calpain.
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ZENRh FEAE . TEREIRIK |, Cp LUSZGL L
FMARFLHEN AP I A W, HIZ0 S
BT B RBLTHIR . Cp B T L RAELE
AN, DA RS ERA 4 1 40 it A - R S v
AN A E 1o (IL-1o)fe—Fh 5| & Ffe it
YERE TV T BEHR 7P TL-1a B/ 20 3 2R
FE SRk, ZEMMANLL 31 kDa BRTA (pro-TL-1a)
BXAFTE, 252 B85 1 (calpain) . FUKLAE B
(granzyme B)S5EE IR UIE S, R 208
A IL-1o (17 kDa)sr WA B M Ah, R AL FE 3L
SANE G BRI AR 220G T AR 7R
Cp YL F WG X TL- 1o B A3 06 14 S M) B L
BLIE, Ry 3 1205 i 1) 500 BIL ) B B 425 A 9 4
TR

1 #RE5xF*

1.1 RN R K EEIR

C57BL/6 /NI H B R 25 be, B
A/ 8-10 JA1 5 8 H HH Marker , RIPA
ZLFW , IL-1o., TNF-o Al IL-6 ELISA il i3]
&l H Thermo Fisher Scientific 2A ) ; IL-1a P
AI) B R&D Systems 2y Al ; a-fodrin P 5w FEHT
& W H Abcam 2~ Fl ; B-actin PU K g H
Proteintech /A 7] ; HRP #ric 1L E- 4T il IgG 1 HRP
Pic Ryl F 1gG WA =AY HEARA R A
Al FRE A ECL fb27 &6l & . BCA
W 72 3R & . SDS-PAGE # H b FEZE nlvii
(5x). EDTA. EGTA ¥y H Fifg58 = KAV
ARAMRAH; R4 MLIEHA RPMI 1640 1l H BI
(Biological Industries)Zy#]; Opti-MEM 1383
) H Gibco 23 7] . RNAiso Plus, PrimeScript™ RT
reagent kit #1 TB Green Premix Ex Taq 114 H
TaKaRa A H); #iELMRERMIH Eiken 247 ;
Gentamicin 1 AL L RKK LR AR A A .
A23187 . BAPTA-AM Il H Sigma-Aldrich 23 F] ;

Calpain inhibitor IV, Calpain inhibitor IIl. EST
(B-64d & (A0 HI70)I [ Calbio chem 2\ ;
Fluo-4 NW Calcium Kit (F36206)#J H Invitrogen
YN
1.2 EERRIESF
TREERZHEIRFT T ATCC19410 W AT 4Rk
VIR L, XHO2 A H S22 A 4 2 R
f£, Cp BEARHEE D FERHLLMR(ATCC19410Apld,
XHO2Apld) i 5256 = Hif HIR S OR A7 . 1% Cp 7Eff
I B AR 3E 57, BREUCRA IS TE S 10%
JEA4- MR LB 7R 55 24 h, LI
ASCIN 52 - 80 5 40 TR VA 4 o
1.3 /RS B B R 20 A 12 BYUR: 20 i R
Z25 SCER[AREE vk, X/NERESS 4 %
THEMIECBREERG, 4 dJ5 A SEERREE/N,
FH RPMI 1640 557 A I8 s B g 4 i, 114K
JE AT AR (12 FLAR, 1x10° 4iff/fL, FHF
Western blotting I qRT-PCR ; 48 L #it ,
2.5%10° 20 AE/AL ,  FH T B G 52 WL BRI )
37 °C. 5% CO, HiFRAH 5% 2 ho BRI EEZH
M, DUEGEE #(multiplicity of infection, MOI)
910 B9 Cp LML, 1 h G IMA SR KER
(RWE R 100 pg/mL)sl [A] B & 45 8 KR
(& He N 100 pg/mL) Al calpains 41 il 5
(30 umol/L)/Ca* 45 (10 mmol/L)H) 55 F5 7,
AREEREFE 3 h (QRT-PCR)mY, 23 h (ELISA £ Western
blotting), WA AHMIEE F% L35 B 40 BLFEAS K
1.4 qRT-PCR #2068 EF mRNA FRi&
PRI A5, SRECE WEAN MR RNA, S §%
SEA cDNA. i3 qRT-PCR ¥ 1L-1ar, IL-6
F1 TNF-oo mRNA ik /K-, qRT-PCR 5|94 -
IL-lo. (SF: GCACCTTACACCTACCAGAGT;
SR : AAACTTCTGCCTGACGAGCTT) . IL-6
(SF : TCCAGTTGCCTTCTTGGGAC ; SR :
GTGTAAT TAAGCCTCCGACTTG) . TNF-u
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(SF: CTCCAG CTGGAAGACTCCTCCCAG;
SR : CCCGACTA CGTGCTCCTCACC)AI B-actin
(SF: CTAAGGC CAACCGTGAAAAG; SR:
ACCAGAGGCATAC AGGGACA), L) p-actin
WBEEA, DL 27T 400 H A3 R 3R A /K
1.5 ELISA #0408 & F 53 i

FZH8 IL-1a. TNF-o H1 IL-6 ELISA £l it
FIE UL, 2 BIAS I 20 B 8% 77 138 W AR B
i R 7K
1.6 Western blotting &N B EH

DL RIPA 2R 2 B Vg4, F TCA ¥
ARIEUR SR Y o XA PR A 4 At 2 A A0 4
3% 3§ #EfT SDS-PAGE, W2 (i H 4% 7
B E PVDF B F ISR T E M. A —#t
(IL-10 $L 1481 a-fodrin B FEFEHLIA, ¥R 1:1 000
Wik, 4 °CUKAFMF & 1 1 - PR SE , DL ZH0(HRP
Fric  EPt B IgG 2 HRP Frid il FHi R 1gG,
1:5 000 Fi B8 = I 1 h, ECL YL (i iaAH
1.7 MR{BEFKENE

W B AR T 96 FLAR(1.25%10° 41
Ja/fLy, 43rHILL XHO02 . XHO02Apld #% MOI=10
JRYL A . F2 18 Fluo-4 NW calcium kit 46 13z
FIEUAAS, AR 4 h D2 M N AS B TR E
1.8 BT

R0 25 AP B Bbr iR (X £SE )RR .
K Ffl GraphPad Prism 8.0.1 fE&, FHLIXUEAERL
XA E A TS oM. *P<0.05, FR2ER D
F; **P<0.01, ***P<0.001, FREFWBE.

2 BEREAW

2.1 HAEEE D 5 MhERERITEREIS
SFEREAA IL-10 BRI AR5
A Cp s WA e 3 5 TL-10 3%
BRI, UL K R D (phospholipase D, PLD)
TEZA RPN, ASCKRI T Cp BFA: AN
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pld Sl 5 Ff JER G I 2 A TL- 100 4 28 505 RN 430015
B RN, Cp BB VRIS IL-1a £k
A B 38 (&l 1A, 1D). 5 ATCC19410
FOXHO2 &Y /N BLE B B W 20 AR L,
ATCC19410Apld F1 XHO2Apld JE&Y ) I W 41 it
IL-1a ) mRNA KA K- 2 % T FE(E 1A); ELISA
ZERHIIIESE ATCC19410Apld. XHO2Apld &G E
WEANM TL-1a0 B53 WK PR I T ATCC19410
1 XHO2 Ji s B A (K] 1D). Western blotting
K & B ATCC19410Apld, XHO02-Apld YL F
W AR W IL-la B EVIK S 5 0 B &
ATCC19410, XHO2 /&Y 40l BT [, Mm7E
Cp HPAAREE pld SRIERIE WA pro-IL-1a
EANEREA BEZRE 16). Bk XH02-Apld
JERYL E 2 A TNF-o 73 W T R XHO2 JE gL 2
FROAR b AR 3R 3 i K 4h, ATCC19410Apld.
XHO02-Apld /&Y E g2 fd TNF-o F1 IL-6 mRNA
1) 2% 35 Fl 43 s 7K F- 9 B I ATCC19410
I XHO2 L4 it (K 1B-1C, 1E-1F),
22 BETF(C)REASRHAMNE KL
RITFEREE MR IL-10 8957 1

SiTAG pld 2 % Cp J& e W20 i 1 Ca?*
AR, AR T XHO2 Al XHO02-Apld
YL E AN I N Ca® YR . SRR, TE
Cp /&Yt 420 h N, 4N Ca’ iz T+, 7¢
8-24h N, 5 XHO2 EUL4ffifiAH L, XHO02Apld
RGN N Ca® VR FE B35 T PR (] 2A). k4t
FATHEI T Ca® 7E Cp YL E EAN 5 IL-1a
R R AR . S5 REBL, A Ca¥ B A
# EDTA 1 EGTA+Mg* )5, #UEUL4IE IL-1a
O3 UK B SRR, T TNF-a 433 7K TG
FARE(E 2B-2C). [AFEHL, A Ca®'ml Ca**
#ik A23187 J5 Cp BUAEWEANM IL-1a 5
TNF-o 73 W 7K F 4% S 238 i (K] 2D-2G).
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Figure 1

The effect of pld mutant on IL-1a expression, maturation and secretion in macrophages induced

by Cp infection. A—C: pld mutant of Cp decreases the expression of IL-1a, TNF-o and IL-6 mRNA in the
infected macrophages; D—F: pld mutant of Cp decreases the secretion of IL-la, IL-6 and TNF-a in the
infected macrophages; G: pld mutant of Cp decreases IL-la expression in the infected macrophages. UL

uninfected. *: P<0.05; **: P<0.01; ***: P<0.001.
2.3 Calpain HUES S5 MERERTER
REMMA IL-10 B K 55

HVEAG Cp &L XTI 20 L 4% 2R
(calpain) BTG AL, L& pld $-IEXT Cp
calpain AR, FATIEI T Cp J pld B2k 2k
REE AT o BAd & 1 (a-fodrin) B9 U #I 1

oo MR A calpain AYJEEY) , f&=—1> 240 kDa
PN B 1, L B (145 kDa) & it Al
F5/R calpain AYIIE KR g5 R BIR, K% Cp
YA SR L TR B R F o-fodrin e R
BZ, i ATCC19410., XHO2 YLl FE g
AR BN o-fodrin Z4EHBR (K 3A). 5
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Figure 2 Elevate of intracelluar calcium (Ca®") promotes IL-1a secretion in Cp infected macrophages. A:
pld mutant of Cp decreases the increasing of intracelluar Ca’"; B-C: EDTA and EGTA+Mg2+ decrease IL-1a
secretion in Cp infected macrophages, while have no significant effect on TNF-a secretion; D—G: presence of
Ca®" and A23187 elevate IL-1a and TNF-a secretion in Cp infected macrophages. Ul: uninfected. **: P<0.01;
**%: P<0.001.
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Figure 3  Calpain activation involved in IL-10 maturation and secretion in macrophages induced by Cp infection.
A: Cp infection promotes the cleavage of full length a-fodrin; B: pld mutant decreases the cleavage of full length
a-fodrin; C-D: calpain inhibitor III, calpain inhibitor [V and BAPTA-AM treatment decrease IL-1a secretion in
Cp infected macrophages; E—F: calpain inhibitor III and calpain inhibitor IV have no significant effect on TNF-a
secretion in Cp infected macrophages; G: calpain inhibitor III and calpain inhibitor IV significant decrease IL-1a
maturation and secretion in Cp infected macrophages. Ul: uninfected. *: P<0.05; **: P<0.01; ***: P<0.001.
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ATCC19410 JEG A iAH L, ATCC194104pld Jgk
YL MR AR E 3 P o-fodrin 24 B (145 kDa)
KB A (| 3B) . R B R B, fE
ATCC19410. XHO2 Bde4f A calpain 4]
#il 37 calpain inhibitor III, calpain inhibitor IV %
Ca*" #47%] BAPTA-AM Jii, IL-la B4 ih/KF
i EFEAK(B 3C-3D). Bk T BAPTA-AM 1E 4
Jf15Z2 3] XHO2 J&Ye 5 TNF-a 43I B Z RSN,
HAh calpain #0474 FRXT Cp B Y B W5 40 it 43
W TNF-a JC i 2 m (Kl 3E-3F). Western
blotting 4 [A] #£ i 7~ , calpain inhibitor I,
calpain inhibitor IVF1 BAPTA-AM 4b 3 Cp Je&3e
MRS FR B3 IL-1a BUAVAS &R, mixs4e
M 2RI pro-1L-10 A TCH B2 (& 3G).
3 9tk

Cp YL =225 | 2 4 1 1 Ik ok i T s A Ak
ELZ5 58, DARE IR YRR A0 2 M 4 B DR 7 KR 348 i
RN, A ST & B Cp YL il 5 S B AT i
MR R AN T TL-1a, IL-6 FIl TNF-a, ik
2% pld 1) Cp Y% B EAN A J5 b AR 4 i R 743 s
e 52 FEAR (B XHO02Apld 2% W 41 Jifd )
TNF-o 730 F B4 XHO2 Y% 20 i AH oK 15 3
BEKN), HBRT pld B9 Cp B B WA i
J&, IL-la, IL-6 Al TNF-a () mRNA /K- i
FART Cp [FIJEEFA: T . K W] PLD 7E Cp & E
I 4 AL 3 A L DR W B8l A
o BRI, R4 pld Bk 2B Cp J e k4
ffl IL-1a 7Y mRNA /K (BAEE H KRB K F,
Cp B A4tk E pld 6k 2% PRI B 0 40 A 1Y)
pro-IL-1a Rk /KT B E A, BRI E—
MNEIRMTR, 2K Bz Bl yE, HER
KR F KO T S 38 mRNA 2R
PR BN E A R X 4 MR, B
M mRNA BRI B R B 7E S 4 . ZEAf
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G ER VA e P o T O 1 0 N = D5
537 377 F - A R g0 R A SRR,
I, mRNA K¥EAR—E HEARKIKEEE—
o AR pld Bk Cp JEGY F W 2 i 52 i
IL-1o ) mRNA FKik/KF, (HEA 5 m H A
A pro-IL-1o 7K A EAK 5 R 5t — 2 i
o

IL-lo J&—F5] & A HE 5 RE 5 1 32 22
BT, SiE—2 8T Cp B g 2 A
S IL-la AT W AIHLEL, ASCPE T Ca™
I K 45 25 Bl (calpain) 78 12 0 Ik 4L L Ik 41
AT TL-10 R 3 R A VE T o Ca® S —Fhii
RG-S 7, % PR ais g2 5]
PAT- DA R e LRSS 2 R A s AR, #R R0k
BT, AN Ca® EEWAFAENT M P, 41
FRLTE H i S Y Ca R B AR T AR A, 44N
PTG, AN Cat MR ESRETED; B
BWFFR R, 2R Rk . B A 4 L)
T B A% S AT T SRR AT L A B P Ca™ vk 8 i/
IL-la 43K 3% T 100 AR o8 tufs iy
MRIEE S, B Cp BB E AN Ca®'
BEWANA IL-1a W B ETHE . A, A
4k Ca®> #4439 EDTA #1 EGTA+Mg®", S N
Ca> #4577 BAPTA-AM 4 . £ Cp J&YLH
WEANAE TL-To (4 BCEAEN 2000, TN Ca® #hiik
A23187 i Ca> fEfEXg ik Cp B iAE S HE
WEANAE TL-1o (4300 . AHERAYSE, WA Ca’'mk
Ca™ #{k A23187 J5 Cp /WY E W41
TNF-o 58 W7KF- 2 38, (R A KA Ca®*
#4557 EDTA F1 EGTA+Meg> 21 %6 J8k U 20 i fry
TNF-a 43 T i 3 5, Hah Y Fang S4RkiE
EDTA il EGTA+Mg” /N5 i Jili ¢ £ 2K T B 4 /)N
R WA TNF-o0 43K PRI, BT TNF-o
AE 2 e, B35 TNF-a (secretory TNF-a.,

S-TNF-0) Fll #% & # TNF-a (transmembrane



TG | A%, 2022, 62(10)

3955

TNF-a, TM-TNF-o)!"*, i AHF 53 o kG i i) 2
S-TNF-0. #£#{i%, S-TNF-a #l TM-TNF-o 7E%&
FEAN M BE RO B, ] 5 | 7 400 O A 465 - 1Y)
HOM A, SEARAIEN Cat TR, AN
S-TNF-o W] A {off 200 o S5 3 308 ke, 2 5
s ca’ i, A H EDTA M
EGTA+Mg™ % & i 4h Ca** X} Cp Y5 %k
TNF-a 43T 252, H D N AT g 228 571
SFHEAN Ca> 45 TNF-o fiE BEE AN Ca* il N
Ik F) T, DR AR A IR IR B
RPN Ca® e i H Bk AR Ak T S A
Ca*'5f Ca”"#/& A23187 J5 TNF-a 537K
FHWOmM, R Ca’RIENE Cp Y B ELN A
R TNF-o 43t . XSEE5 1R, A A
Ca” JH & Cp EYE A AT IL-1a M
TNF-o Zp R E R R 858 F e — iR
B EARE AR, T35 ZMAET6R,
AL 35 41 DR B4 s U 22 40 s SR T
3 3 o R VR A T 5T T G A L 1 46 A 1
F2 50 K 106 35 1 A 5 1 2 R i i
ARHFSE KB, Cp JEUe I A1 i T 385506 45 2 11 e
T 110 ) 465 2 11 G 9 2 B AR Cp SR E
WEANAR R TL-10 (500, HRE5 L 5 R AR D)
B A R B RN S A R R A S
i G A A S IL-1a WM —3, #£
A 455 2E 1 B A0 30 2 Cp IR UL B A i A
IL-1o BN A3 M R BIL TR 22— o
FEVFZAEOUT L 40 BR s SR A4 ] 3 ok 43 00 5
F, W REEERE I E PLYD . Hsg2i
R s R o', BIEMIP Ca® /K3
FLEE BGOSR IL-1a 3. AHE
REM, 5 Cp AR E W40 i AH L
Cp 19 pld Bl S BRI YL B L EAT M N Ca® 7K F-
55 T TS DA B Y- Tou F8) 03I 20 DA AR A
B B K, FW PLD f7F Cp YL E W20 iy

IL-la A9 BEAFI 20 WA ad B2 v R HE S BEAE T . AR
T, AR AR B R O BE IR i A A
SR 8 TR TR VM 3R DR e 2 L 58 A L I U
PRy TL-1a AT IBA —5E 225, Cp (19 pld
BRI R LR AN SS TL-1o UM R 58 42
BELIT, $&75FR T PLD i A7 HoA5E 1 I 783 11
2 51200 UG A 1Y TIL- Lo i A 72

Lk LRR, ARBEICRBIIEN Ca® Mk EERE N
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