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Biological characteristics and pathogenicity of
Corynebacterium pseudotuberculosis cp40-deleted strains
constructed by CRISPR/Cas9

LU Hong", LI Xincan”, NIU Luting, WANG Zhiying, ZHOU Zuoyong

College of Veterinary Medicine, Southwest University, Chongqing 402460, China

Abstract: [Objective] To establish a more efficient knockout method for the serine protease
coding gene (cp40) of Corynebacterium pseudotuberculosis and evaluate the role of this gene
in the pathogenicity of C. pseudotuberculosis. [Methods] A vector pEC-cp40gRNA-HDarm,
with guide RNA, upstream and downstream sequences flanking cp40 of C. pseudotuberculosis
Xuanhan strain (XH02), and spacer, was constructed from pECXK99E. The recombinant vector
pEC-cp40gRNA-HDarm was transferred into C. pseudotuberculosis competent cells carrying
pCas9gRNA-ccdB to form the CRISPR/Cas9 gene editing system for the deletion of cp40. The
roles of cp40 in the pathogenicity of C. pseudotuberculosis were evaluated by comparison of
the colony morphology and growth curves between the cp40-deleted (Acp40) strain and wild
type (WT) strain, the viability and interleukin (IL)-1p secretion of J774A.1 macrophages
infected with Acp40 and WT in vitro, and the mortality and organ bacterial loads in mice
infected with Acp40 and WT in vivo. [Results] We successfully constructed the cp40-deleted
strain XHO02Acp40 by using the established dual-plasmid CRISPR/Cas9 editing system.
Compared with WT (XHO02), XH02Acp40 showed no obvious difference in the colony
morphology or growth curve. However, the J774A.1 cells infected with XH02Acp40 showed
decreased lactate dehydrogenase (LDH) release (P=0.06) and propidium iodide (PI) staining
ratio (P<0.01) compared with those infected with XHO02. The mortality of XH02Acp40-infected
mice reduced by 50% and the bacterial loads in the liver and kidney of XH02Acp40-infected
mice significantly reduced compared with those of XH02-infected mice (P<0.001). [Conclusion]
The CRISPR/Cas9 gene editing system established in this study can effectively delete cp40 of C.
pseudotuberculosis. The results confirm that cp40 is a virulence-related gene, providing a
foundation for subsequent research on the infection of C. pseudotuberculosis based on this gene.

Keywords: CRISPR/Cas9; Corynebacterium pseudotuberculosis; serine protease; gene deletion;
pathogenicity
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5% Cp YL BOR LB AT 2 B 3585 it 1Y) 25
o BT, 5 R H Ry X s R E A
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S| ABUAE R PO B N I AR 0 55 o A S0
2 F A AT [R] 905 40 RIS bR Cp EIUBE
(XHO2)#i g D K (pld), % B 1 B4 |
RORARME S NIt , AR RERS T i R0 R ok
Cp #EE PR 093 )7 3 A5 U R 85 %, CRISPR/Cas9
ST o O T A I T AR A P AR A S g AL
i, BEMERG . RRCBIE R A T AR E N R,
HAEAERI A RO EE SR 20 &
B AT %3515 RNA (guide RNA, gRNA)
5 Cas9 454, ¥ Fm 28 m DNA ¥4 I,
Cas9 fHZ:V)E1Z DNA 41, 7= A BUEE W 2447
M, OBEE, AR A SRR A, EdA
Al A die, B RER A g ED . B
CRISPR/Cas9 E.7E K #T i (Escherichia coli)” |
A AT ® . 23 & B FER A7 (Corynebacterium
gl utami cum)™ 45 JEUR% Az 4 B I o AR5
FY#ET CRISPR/Cas9 J:H 4t 250, W3k
Cp Y2224 R £ 111 1 i A 5L 5] (cp4O) it B ik, IF
X A W 2E R e BOm SR TR, S Cp T
T PR s e B0 LI AT 5% B9 5 Sl

1 #RE5H*E

1.1 FEKH

LB 7. LB E BRI A b5t B R A=)
HAREGRFTMEA ] ; A 1MmIEW H Biological
Industries 2\ A5 /NS LTS B #T LR BUA YR
H M ARRAF; Opti-MEM 33720 H Gibeo
wHE; HEER. RIBHEER. pEASY®-Basic

Seamless and Assembly Kit .
2xTransFast” Taq PCR SuperMix (+dye)FlJF i/
FRAF G B I X e E ARG A BRA
Al ;s IPTG. FLMR i & [ (lactate dehydrogenase,
LDH) I & [ 128 = KA 3 R 07
HBRAA ] BUIEHHEER DNA FISGRF & [ K
WAEABE AL ARAR; RAKER . kN
B (propidium iodide, P At st &K F R4
FR /7] ; PrimeSTAR = {4 EL/i# . DNA Ligation Kit
il DNA Marker 1 H EAY TREOGE) A RA
A3 BUE 4/ 2 (interleukin, IL)-1p ELISA £
MR & A Invitrogen 23 A .

1.2 RIEEN K 4R

L 2 /N B VG RS E R R 2= S5 sh i b
O [ 525 h W) ff U AT AR 5 0 SYXK( )
2019-0003], J774A.1 Ei W 2 il Ry A< 5206 2 A5AE
1.3 Bk, B, BEFREMRER

Cp B AR (XH02)F1 E. coli DHSa ¥ A<5L
=37, E. coli Transl-T1 B ILE 244
PB AR B AR A RA T . KIGHF R -H AR FF B 28 12
Bk pECXK99E Fl pCas9gRNA-ccdB i 7 [ £}
S BE R Ml A= Wy AR 53 i PN 22 B 53 AT A
H | pEC-cp40gRNA #il pEC-cp40gRNA-
HDarm M1 ASHFZ8#4) 2 .

LB “FHe: BREEMA M 10.0 g/L, BEEHRH
5.0g/L, @fk#h 5.0 g/L, Bilg 15.0 g/L, BER
A 5% %1l LB W¥(g/L): B A 8.0 g/L,
MEREE Y 2.0 g/L, & ALEN 10.0 g/L, & 10%/)
A= [T A 0.1% 0 I 80,

PiaE R WERLWE N 20 mg/L, RAPE
KLU N 50 mg/L.

1.4 PCR 3|4

FR4E GenBank 2341 (Y cpd0 (OL347712.1)FF
41, 1 SnapGene B FITHIH(FE 1), IFikfEdL
S EXPHE M H AR BR A F A

Cloning
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Table 1 Primers used in this study
Primer name Sequence of primers (5'—3') Purpose Product
length (bp)
CPp40gRNA-F  CCGGAATTCGCAGAGTGGAAGCCAGAAGGGTTTTAGAG cp40gRNA amplification 122
CTAGAAATA

gRNA-R CCCGTCGACCCTGGAAAAAAAGCAC
pECjd-F CACTCCCGTTCTGGATAAT Detect whether the 471/593*
pECjd-R TCACCGACAAACAACAGATAA pEC-Cp40gRNA plasmid was

successfully constructed
Cp40UP-F CAGGATTGATGGGAAGGGAGAAACCTTTACAGC Amplification of upstream 622
cp40UP-R ACTACTGGTAGTGCCTGCCCCTTCAAT homologous arm in cp40

cp40DOWN-F  GCAGGCACTACCAGTAGTTTTCCTTTC

cp40DOWN-R CGCTTCCGTGCTGGTTGGGCCGGAAAATAAC

Amplification of downstream 615
homologous arm in cp40

pEC-cp40-F CGGCCCAACCAGCACGGAAGCGGAACACGTAGAAAG  Ring opening of the 7076
pEC-cp40-R GTTTCTCCCTTCCCATCAATCCTGCCTATTTG pEC-cp40gRNA plasmid

cp40-JD-F AGAAACGTCACTAAGCTGCA Screening for cp40 missing 2 540/
cp40-JD-R GGTCAAAGTTCAAGTCCAGG strains 1 400"

Underline indicates the restriction sites; Wavy line indicates the spacer; * indicates that if the construction of pEC-cp40gRNA
plasmid is success, the amplified fragment is 593 bp, and the amplified fragment of pECXK99E empty vector is 471 bp; *
indicates that the amplified fragment of the cp40-deleted strain is 1 400 bp, and the amplified fragment of wild type strain is 2 540 bp.

1.5 pEC-cp40gRNA [RHiHIHE

18 12 % http://crispor.tefor.net/i% 11 cpd0 F)
1] 77 5] (spacer) , IR A1 R 7511 1) 20 bp J741i%
] EcoR 1 YIS NAS ) cpdOgRNA-F [ 5’
Ui o LLJE KL pCas9gRNA-ccdB My #5 g ,
cp40gRNA-F fll gRNA-R (5747 Sal 1 EHI{z
FA5IY, fdiF PrimeSTAR §73# cp40gRNA,
B L Tk % E IE M PCR 724%), DL EcoR 1 Fil
Sal I XY cpd40gRNA il pPECXK99E, Fi DNA
Ligation Kit % 4% i} U) J5 Y cpdOgRNA F
pECXK99E Fiki, 4% Wib% k% E. coli
DHS5a &7 A4, /MR, H pECjd-F/R %5%E ,
P RE EET- A R A 44 S pEC-Cp40gRNA (& 1A).
1.6 pEC-cp40gRNA-HDarm FRRIAHE

DL XHO02 R 4 A Ai , cp40up-F/R Fi1 cpd0
DOWN-F/R 45149, il PrimeSTAR ¥ cp40
F . FUFEER . LA pEC-cp40gRNA Wik,
pEC-cp40-F/R N5 ¥4 14 Bt 1, PCR JUWAK R
(25 pL): 2xPrimeSTAR Max DNA Polymerase
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12.5 uL, . FH#5[491(10 umol/L)4% 1 uL, DNA
R 0.5 uL,ddH,0 10 pL PCR J i 5514 : 98 °C
TS 3 min; 98 °C 4 10's, 55°C Bk 30s,
72 °C $EAif 30 s, 30 MG ; 72 °C LA HAEA 5 min,
HLOUk %2 . Wik ™ ¥, H cpdOUP-F Al
Cp40DOWN-R M58 cpd0 | . FiFIRIVERE A
Overlap PCR J7 754 1834 4%, VE MR E S DNA
Bitl, PCR & ik e . Wik, FJoss s
PR G4 i B 1 ARIEE S DNA AR . 4%
FEPI2E AL 2 Trans1-T1 B2 MM, B fb gt
Y 5ok fir 44 4 pEC-Cp40gRNA-HDarm (€] 1A).
1.7 cpd0 £ FE Fg bk & 38 iE
ZMSCHER[1 0] & %32 8 40 0, 4%
pCas9gRNA-ccdB HLEE b2 XHO2 Bz A4 i,
WHAESHEAERN LB R E, Hilgs
pCas9gRNA-ccdB [1)J857 A4H L (5 5= B fin A
WER 20 mg/L HEER). 14 pEC-cp40gRNA-
HDarm Hi% 1k £47 4 pCas9gRNA-ccdB ez 2541
i, WRATTES A &R . FIREER LA 0.05 mmol/L
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Figure 1 Diagram of pEC-cp40gRNA-HDarm plasmid construction and cp40 knockout pattern. A:
pEC-cp40gRNA-HDarm plasmid construction. B: ¢p40 knockout pattern by CRISPR/Cas9.

IPTG 1) LB “F#l, 37 °C ¥53% 48 ho H5lY  @ERMRIBER PR EWEAREELK S, W
cp40-JD-F F1 cp40-JD-R % 5E BATE [, IP4HLPCR - §iFHH pCas9gRNA-ccdB J5i ki Fll pEC-cp40gRNA-
P AR E YR A B A FI R R HDarm BURLY E 8 THBR -

WE(K 1B). 1.9 &P cpd0 XF Cp BB S REKHZAY
1.8 JFRKAYIERR A
W % EHARY cpdO MEBRVREERIE LB A ¥ XHO2 1 XHO2Acp40 3#:Fh T LB -4 I,

i, 37 °C. 200 t/min $EIREEFE 18 h, 15485 d  37°CHigf 24 h, WMEWEIEE. BURWHEE
Ja A A B E R M RIRER R L, &7 1.5mL LB &, 37 °C. 200 r/min }55% 18 h,
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JE#& ODsos 4 0.2, T HL 100 pL ¥ T 30 mL LB
Wiz, 37°C, 200 r/min 5535, & 6 h JjE—
K ODsos {H, il 4k .
1.10  FIMATE VN RIER cpd0 X Cp Bt
J774A.1 4HEATE A0 IL-1B 3 # 0
1.10.1 Cp B J774A.1 4RA8 LDH Rk FA&N

B J774A.1 B:RP T 48 LR, 2.5x10° 4/
fL, 37 °C Kigid k. ¥ XHO02 Fl XHO02Acp40
DU S H0R 10 (MOI=10)f24% J774A.1, 1 h J5
FH PBS UERMIANGE, A GRKER&EUE
100 mg/L)J Opti-MEM 55555, 553512 h, R
P LDH Al 751 G i B 54600 LDH B UK.
1.10.2 Cp Bt J774A.1 AR REL R SE(PT)
& LE ke

¥ J774A1 BRI 12 FLANAEA, 1x10° 40t/
fL, 37 °C ¥r#id . B XHO02 Fl XH02Acp40
Ll MOI=10 {24¢ J774A.1 401, 1h J5 /7 PBS ¥
ZHAME, A KRR R (ZEWE 100 mg/L)
) DMEM 3537, R59% 12h, 37 3%, PBS ¥
2 A 100 pL # B J5 19 PLIES (10 pg/mL),
37 °C 55% 10 min J5 F LA PBS %6 2 ¥k, JITA 50 uL
PUoEOL TR K B F (%5 DAPL). &% SCHk 1111
Tk, ORI, AR 6 1>
PR, ek 20 M S B0 PT Y il 21 €5 1) 2 i
2, IHE PG E 4Lk PT il e
53 HE=P1 ¥ U210 (1) 4t B 550/ 40 A B 400 < 100%
W R B cpd0 X Cp B&H% J774A.1 41 452 455
AT
1.10.3  Cp B J774A.1 4RA8E IL-1B 5337k 4050

¥ I774A.1 FEFIT 12 FLANARAR, 1>10° 4A/AL,
37 °C HiFFid . F XHO02 F1 XHO02Acp40 %
MOI=10 {2 4% J774A.1 4}, 1 hJ5H PBS V2=
MO, A IRREE R (AWE 100 mg/L)iY
DMEM 5359k, 3% 24 ho W4 B, W
IL-13 Al a3 S kil IL-18 437K -
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111 AREEIRIEIEMN PR cpd0 XT Cp B
FNRBURME R AR SR E E K R RN
1.11.1 & FehZi e

¥ 24 HEWIR/DRIAE(18+2) g]REHLYY 43
K 3 4H(XHO2 2H . XHO02Acp40 2H Fil PBS X B4,
Fp2H 8 K LA PBS ¥4 F VR B2 &y 8107 CFU/mL,
SRR /N BRI S T 5 XHO2 5 XHO02Acp40
(0.2 mL/3), XFHRZH/NERE RS 0.2 mL
PBS. TEVESFICTE 14 d P/ RBIZET R, 2
il A= A7l 2
1.11.2 fEsfEE=EiX0

¥ 9 HEUIR/NRIATE©25+1) glkbliy 5
7 XHO2 4. XHO02Acp40 4 F1 PBS XJHR4 ,
413 H. DL PBS KRR R 810" CFU/mL,
SRR /N B3 B S T 5 XHO2 5 XHO02Acp40
(0.2 mL/}), XFHEZH/NERE RS 0.2 mL
PBS. Z%3CHR[6]M 1, FIEYL)S 72 h T
TEHCNEUR I E . REAERTE E, N ACKTA PBS,
FHAIENLTE Sy 513, LA PBS B BRisstiit %k,
1.12 #iE7Hh

K GraphPad Prism 8.0.1 /E/&E, PIXUEIE
Bt t BG4 br o IR0 455 R FH - 5 b
ROESE)# R, P<0.05 HEFBE,

2 ERE4M

2.1 cpdORifRLER

w3 K # M pEC-cpd0gRNA Al
pEC-cp40gRNA-HDarm, DNA 334 i BEF 52 i
o FORLER (B 2. B 3). BRBURABETEIET
PCR %7, XHO2 BFA#kM PCR ¥ 3440 N
2 540 bp, 1 XHO02Acp4O0 iRk PCR 473 45747
1400 bp (& 4), 7ERTHREUAY 33 DGR,
A 4 DEVE PCR Y IG5 G AL, mBRECE
H12.12% (4/33) I3 B X IE SE A% B B T
XHO2 [£) cpd0 £ F41
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C D
bp bp
10 000
2 000 6985 bp
4000 3 000
2000 1000
1000 2(5)8 593 bp
500 350 471 bp
250 100

2 pEC-Cp40gRNA #ELER

Figure 2 Results of the pEC-cp40gRNA construction. A: Amplification of cp40gRNA. M: 500 bp DNA
marker; Lane 1: cp40gRNA. B: Digestion of cp40gRNA. M: 500 bp DNA Marker; Lane 1: Digestion of
cp40gRNA. C: Digestion of pECXK99E. M: 10000 bp DNA marker; Lane 1: Digestion of pECXK99E. D:
Identification of the pEC-Cp40gRNA plasmid. M: 2000 bp DNA marker; Lane 1: pECXK99E empty vector;
Lane 2: pEC-cp40gRNA.

A B C D
bp bp bp M 1 bp
10 000
4000
2000
2 e 2 000 2 000
1 000 1 000 1000 1000 1237 bp
70 62bp 130 <615bp 20
500 500 P 500 P 500
250
250 250 250
100 100 100

3 pEC-cp40gRNA-HDarm HIHJELER

Figure 3 Results of the pEC-cp40gRNA-HDarm construction. A: Ring opening of the pEC-cp40gRNA
plasmid. M: 10000 bp DNA marker; Lane 1: Amplification of pEC-cp40gRNA. B: Amplification of cp40
upstream homologous arm from XH02. M: 2000 bp DNA marker; Lane 1: Upstream homologous arm. C:
Amplification of cp40 downstream homologous arm from XHO02. M: 2000 bp DNA marker; Lane 1:
Downstream homologous arm. D: Ligate of the upstream and downstream homologous arms. M: 2000 bp DNA
marker; Lane 1: Ligate of the upstream and downstream homologous arms.

2.2 XHO02, XHO02Acp40 EEFAS KA K
LB E

B IR I P A KORS F A — 3 (F 5C).
2.3 FEFR cpd0 % Cp B J774A.1 RAEGE

1€ LB ~FAl I, XHO2 Fl XHO02Acp40 ¥4 4[5
B LELAE . TERE, TR 2R (K 5A.5B).
AR LRI E o, XHO2 5 XH02Acp40 72

yal:0kAl
AWF YK XHO2 . XHO02Acp40 & 4
J774A.1 1) LDH BEiE i S PT Y4 1) 4 o b 431]
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PEM B cpd0 XiF Cp & J774A.1 41HETE 11 H95%
. 5 XHO2 ERIAIAEAH L, XH02Acp40 JEkl
J774A.1 41 LDH BEiKF T RE(E 6A), PI
YL o AN B 43 L B 25 R (B 6B).
2.4 FEFR cpd0 XF Cp B J774A.1 4HEE
IL-1p 537K a9 5200

Cp YL B W20 i J5 v] 51 R A2 2 40 i R 5
IL-1B 20 WK~ T A PR T mBR cpd0
XF Cp J&YL J774A.1 50 TL-18 AKF-HE M . 25
BER, 5 XHO2 YA, XH02Acp40 Bl 4 cpd0 REBRIRHILEE LR

e N - Figure 4 Results of cp40-deleted strains
JRYE JTTAAL AUMLAT TL-1B Zr /KT S 2 &
Ay B ik I identification. M: 5000 bp DNA marker; Lane 1:

(7 XHO02; Lane 2: XH02Acp40.

c
LS o xH02
= XH02Acp40

1.0

0.5

6 12 18 24 30
t/h

0.0

5 XHO02 71 XH02Acp40 M BETER S K& & K il

Figure 5 Colony morphology and growth curves of XH02 and XH02Acp40. A: Colony morphology of XH02.
B: Colony morphology of XH02Acp40. C: Growth curves of XH02 and XHO02Acp40. The data on growth curve
represented mean+SE.
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P=0.06
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© 43‘ o © @29 v&&
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5 6 XHO02 1 XHO02Acp40 Bk J774A.1 4HAEAT LDH FERUKE K PI F EL I 45 R
Figure 6 Results of LDH release and PI stain proportion in J774A.1 infected with XHO02 and XH02Acp40. A:
The level of LDH release in J774A.1 infected with XHO02 or XH02Acp40. B: Propidium iodide (PI) staining
proportion of J774A.1 infected with XHO02 or XH02Acp40. UI: Uninfected J774A.1. **: P<0.01.
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Figure 7 Results of IL-1f secretion in J774A.1 infected
with XH02Acp40. UI: Uninfected J774A.1. *: P<0.05.
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Figure 8 Survival curve and bacterial load in organs of mice infected with XH02 and XH02Acp40. A:
Survival curves of KM mice infected with XH02 and XH02Acp40. B—D: Bacterial loads in liver, spleen, and
kidney of KM mice infected with XHO02 and XH02Acp40. ***: P<0.001.
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3.1 9 Cp #ERFRFRAY CRISPR/Cas9
RERRFERIRIEEHER
CRISPR/Cas9 A H: i 25 4 DX G 4 A% 3
2T EAAREAZAY) T, 75 gRNA il Cas9
HHMZSHT, FidiiE ) DNA HGE ER L
HhE DNA, HMgAEE 5T, fE4 A RPEIRAT
Fh, B MT CRISPR/Cas9., CRISPR-Cpfl .
CRISPR/Cas9 il ReCT HIRE & HH R G5, AR
LA TR EBR A Ok R
PORFF B HUZED Y Cp MR @RI AL T2
%, B EIREHBORMER Cp HeHT %
2 WO MR ARAE e, CRISPR/Cas9 i AR
R E— e, I H AR AR aeR . th
T4 SRR AR ARAT TR ik = A7 R0 I ] 5K i 14
(non-homologous end joining, NHEN& & k1%,
AR B K Cas9 U % = A X4 K7 24
(double stand breaks, DSB)!"*"*! H#fEll7E Cp ]
REWCAH NHEJ B4, Kith, ARG Sei g
CRISPR/Cas9 % 4 & Gt if, R JH 7] I = 41
(homology-directed repair, HR)IA 7155 . 44
CRISPR/Cas9 4t RO A ZFh 7%, W LI
Cas9 . gRNA FI[a] & S it & T — > BUkL s A
[F] B Bk b, o A] o 2ok Ak U5 42t L EE DNA
(single stranded DNA, ssDNAY& & #ib ™, 7Eix
AT, AR5 2206 Cas9 Al gRNA B 3H7E M)
— 8K b BEERRE T8 b, Bl T
Cp ' Ptac Ja 8 #=iH T 1Y Cas9 it ik T3
PAFHV AL T HAR D, ORI e 2 mebipk, Rtk
ks gRNA Fa] P58 58 Bl T [A) —2d4
2L pCas9gRNA-ccdB “fy ik Cas9 R,
DA A T -HE AR AT 181 28 4R JiURE pECXK99E %k
A3, Ky pEC-cpd0gRNA-HDarm PI$ At
S Cas9 VI cpdOgRNA FIYIHI G164 JE N 41
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B9 R UERENEEE HDarm, BT T miBR cpd0
i) CRISPR/Cas9 X5 gt R 4t -
3.2 xTF CRISPR/Cas9 {RIER L% Cp 4B
EFRREERNRE

AHIE 5T A RS 5T T #3719 CRISPR/Cas9
g RGN Cp 1Y pld PR R BRI 45 48 M [R] U5
B\ ARRARAERTE, ZIFE 0.05 mmol/L IPTG
T pld FEE A RBRECE N 3.0%, #8158
6 2 A7 4 DL 20 i [ U 4 R BR pld G RROR
(<0.1%, FHEARER), (EALT FAE USSR A5
R HEAT A 24 TR MR IR AT R DR R BR A AR R
(16.7%—83.3%)"°), AT B Job A5 70 (14 Rt B
AR (55.1%-91.3%)P . SLIRIZ RS g BRI
% FHH N PAM i, gRNA ¥4t . IPTG
Ve DA R ()RR A BT FE cpd REBR R
IR T T IPTG ¥ F 0.05 mmol/L, & HliFs T
1F B AL TR B D, ARRSCRS R T iR
w, B E] 12.12%. A BN iR ORI — ik
A DL 0 [ U5 4 B B 40 gRNA Fil PAM
(=
3.3 cp40 7E Cp BEEFHRIMER

cpd0 Hihh 22 AR HE 1 CP40, ZE M
Cp THIRIKZME N Z —, (Hikhisy FE 2
FIRARTG CPA0 H 20 4 1 S Al 5 28 11 il A5 g2 i
PR AR T TS0 1 T B A B R
FFJE Cp WMEE T A SCHkGE,, £24mRE
1 Tt A T 9 3K AT P 85 BT L RN L A 2 e
FE R R BEREEMERY. A, Z2E iR
T A ) IS PR 2 B T, AT AL
RN, (AT IRAT I RE N B b A,
Cp J—FpIetEfE N A A v, A5 R IR B
il P PR B 25 ¢ L B R A 4 25 e Mg At Y,
20 D T JE G I 200 R ) R AE = — S B R R 5
A IL-18 43 ism=, AR KB, bR
cpd0 FEHJE, Cp /BYLE MR i R -+ IL-1B
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M5 KE 2 N R, $275 cpd0 7E Cp B L
RIPRIEVER . Cp BYL AT s i E WA AE T,
HAFAE N LDH B, Amrss &8, @bk
cp40 11 Cp YL E WEAH L LDH BEHUKF-FE AL,
1 LDH Bt 5501k sz 40 Bt miar ™,
PER cpd0 5% S TR B 5 L B R A IS T A
Ko [EEF, AWFIEIREIT P Y EINETEM RBR
cp40 X Cp JEYLA5I43 [ W 4 it A 52 00 , PTJ2—Fh
NGB LTSGR, AT 257 5240 1 A0 i e
& DNA, PI Y& {0 20 H 1) 4 Ak J2 4 i i A2
PHAgFEFR>, S50 BOREER cpd0 iy Cp ERYLE
WM A S . P Y a4 i b ] 2 AR A ik
PE—HAIESL R cpd0 AIFEAE Cp Xt sy B g
YARLIEOR 1o 25 BTk, AT & BB B
WG 21 e, LDH B RN PT Y% Cu i it b i S5 AR 85 4
P, $2/8 CP40 5 Cp BRI B W dn i ¢,
A, BRI, XHO02Acp40 APy RdL /MR
IR R ET XHO2 EYL /N, # XH02Acp40 J&
Ju/NEUHE L B I IE A A i 2 D, PR B R
iR cpd0 TR Cp XFIH . BRIALR, BEK Cp
/N ECR 71, 1IESE CP40 2 Cp [ 11K+
Z—, (HixHEATE Cp Begeid B anol {2 ok H 2o
PITEA B T T i — oY

2 b, AT CRISPR/Cas9 4 RA7E Cp
TS A cpd0 MIBRTAME, Rz e A B
TR AR S S R S B T R AR £ o IR,
UESE ¢pd0 /& Cp B CIE R, IR AT cpd0
SR U E ML B2 T LA
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