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HEEZFATE NJSZ-13 HE AT ATP-0 5
ClpX HJRZ& HiR R

IERA REXE EHRE BRE  THEHE

CRIEE MO AR B2, B 7 IR B 17 B3 o, Y195 B¢ 210037)

FEE (B 00 1 9t B 28 F AT B NISZ-13 " R R B Al ATP-o 55 ClpX HIAR LR LM, M R L E AEG ATP-a 5
ClpX MEZREHA . [FFRIEEREE ARSI R apd 5 cipX, FIFH2EH TREF B AL E AR 05 Kk 17
PCR 43, 3 5% 4A pET-21b M HE M) £ H H # ik, $RHCE H FUR N\ B 1 3208 # A K #F B BL21(DE3) . FI) FH 1 7%
PCR AU 7 96 UE 5% (L AR o NN TPTG 5 & 8 1 2R3, 1] Ni-NTA FE#EA7 #4118 [ ) 246, FI i SDS-PAGE 5
Western blot %:1iE ATP-o0 5 ClpX AifL R R I HEAT R EEMENE . (FER1ETE PCR Wb 7380, A MAEH &6 &
F RS IE K apd 5 clpx, BIEFF 55225 75— 80 WEW B 193 R 22 M) A\ BL21(DE3) R L #faH . SDS-
PAGE Y Western blot 36iE3Z B, AL A5 3 IEWH T 5S4k, MR L EAN ATP-o 5 ClpX HIJFIZRIEHMA.
LRGN A2 45 SRR W] ATP-0 5 ClpX ¥ B A BRI R LR . ATP-0. 7E 72 h ik 3] 66.75% IR 2k %, ClpX £ 72 h
IEF 75.46% [IARLHR . RN, P9 AL R P AR 4R BE 70 5 38 05, 24 h fEIX 31 66.32% IR, 72 h R 2RIk F|
91.01%. [£5i£]ATP-a 5 ClpX &5 IZHRIE K AL J5 BA B R 20n v, HE JLRIALIRRA R 28 0, SR ERRCR 38, HiE
WEEAE ATP-a 5 ClpX R HEERIRLE T, NBIHITEER LY AL 1B iZe R A

KHEIR): MR ZFAURT IR NISZ-13; #AM 2k dt; ATP-0; ClpX; JRE% 2RI

FESHKS: $763.18 XEMRERE: A XEHS: 1000-1522(2024)04-0084—07

SIszigt: IVER, RE 4, WA, 25 WG RE 2FfOAT B NISZ-13 P (A ATP-o 5 ClpX [ 2k gt 7t (30, dbaihk
Mk K 24, 2024, 46(4): 84-90. Sun Yufeng, Tan Jiajin, Yuan Yuchao, et al. Prokaryotic expression of nematicidal proteases
ATP-a and ClpX from Bacillus cereus NJSZ-13[J]. Journal of Beijing Forestry University, 2024, 46(4): 84—90.

Prokaryotic expression of nematicidal proteases ATP-a and
ClpX from Bacillus cereus NJSZ-13

Sun Yufeng Tan Jiajin Yuan Yuchao Zhao Xiaojia Ye Jianren
(Co-Innovation Center for the Sustainable Forestry in Southern China, College of Forestry and Grassland, Nanjing Forestry

University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] In order to elucidate the molecular mechanism of nematicidal proteases ATP-a. and
ClpX in Bacillus cereus NJSZ-13, prokaryotic expression vectors of nematicidal proteases ATP-o and ClpX
were constructed. [Method] The nematicidase-encoding genes afpA4 and clpX were cloned, PCR-amplified
the nematicidase-encoding gene by means of genetic engineering and connected with the vector pET-21b to
construct a recombinant vector. The recombinant plasmid was extracted and transferred into the protein
expression vector E. coli BL21 (DE3). The transformation effect was verified by colony PCR and
sequencing. IPTG was added to induce protein expression, and the recombinant protein was purified using a
Ni-NTA column. The purification effect of ATP-a and ClpX was verified by SDS-PAGE and Western blot,

and the nematicidal activity was determined. [Result] Colony PCR verification and sequencing showed that
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the recombinant vector contained protease-encoding genes atpA and clpX, and the gene sequence was
consistent with the reference sequence, proving that the target genes had been successfully inserted into the
BL21 (DE3) expression vector. SDS-PAGE and Western blot showed that the recombinant protein was
correctly induced and purified, and the prokaryotic expression vectors of nematicide protease ATP-o and
ClpX were successfully constructed. The results of nematicidal activity assay showed that both ATP-a and
ClpX had strong nematicidal effects. ATP-a reached a nematicidal rate of 66.75% at 72 h, and ClpX reached
a nematicidal rate of 75.46% at 72 h. At the same time, the ability of the two proteases working together to
kill the nematodes was greatly enhanced, showing that the nematicidal rate of 66.32% in 24 h and 91.01% in
72 h. [Conclusion] ATP-a and ClpX have higher nematicidal activity after prokaryotic expression and
purification, and the two together have stronger nematicidal effect on B. xylophilus. 1t is proved that protease
ATP-a and ClpX are important killing factors, which provides new clues and basis for the design and
screening of killing drugs.

Key words: Bacillus cereus NJSZ-13; Bursaphelenchus xylophilus; ATP-a; ClpX; prokaryotic expression

FA M 2% B9 A& A8 M 28 B8 (Bursaphelenchus
xylophilus) 5] JEC 1) — Ff 4= BR P B ARG 1 M AR AR
B T AR LR, Sof 8 B ARl AR 7= R AR A5 3R 50 7= A
KEZA, 1& B RGN, B RS 26 2
(I BT X SRS ARBRIG I 5 35 F UM R,
PG =2 FIB R S . R A 25006 E A
P2k HUs WBCER, BORGF, (B4R 2 25500 5 15 e A A8 3R
58, HAHHSE A FH 5 4 = A pu i e, (615 A
222G 6 BRAA B e d 32 31— g PRI ZE T 24
Ve BRAABA 26 B 0] g 51 S ) PRI R In) R, K
A B A A A 2 e B AS U D, % E R R
FRUE CAFCTR 40 R S5 A TER R, IR R B I 26
B IR o A BT 4B AT DA 7 AR R R 4 WA
M I DA S AR £ B S 2 P 7 SORFERA M 2 ),
B an 75 2 4 ZF fAF B (Bacillus thuringiensis) TN ZE T
SEYIRENE 4 WA HE B R FUAA M 2k ), FERA M 2 L)
B 43 3] T Z W SRS o Huang 2560 TE
TIKfRIEZ 515 EERG PP IR . Niu 0O 5T kI
LR B16 RS 7 W 22 R 5 1 ¥ Bacel6 fil
PEEE F B Bael6, XJREMS AN IR 2 s BE, [ fig 2 th i
KM MOKIMIF =& 27 A5 WRom 28 fA
(Bacillus firmus)~ 7 §) 2 f ¥ & (Bacillus penetrans)
& Z PP Y AR L A RS PUS A Y. BT
R IAE A R AEL A Ak P B3O A2 e 3 38 v R 0 i 3]
X RA A e B BAT v RN P T A A T, A e AR
MrE 5 L BR E HRA (Pinus elliottii) 25358 77 25 31—
PRI FE 28 f0 7 NJSZ-13, B 58 38 BH 1% 1 AR X Fa 44
LHEARENREEH.

AW FE AL ZF FAT R NISZ-13 5 4k
WA 5 S T 3R 15 5 H B ATP synthase subunit
alpha(ATP-a)5 ATP-dependent Clp protease ATP-
binding subunit ClpX(ClpX), i it #) 4 25 [ B g 15

SN atpAd 5 clpX JFRZARIE AR, F£ R IR
RIKFFHEAT ARG TN €, LA SE ATP-a 55 ClpX
R ARG, AT AT A g h e S
5, WO RARE R SO 1 ZE BT R FU AR SORT ) B B

1 #8577

1.1 # #

B REZE AT B NISZ-13. FaM 28 Bt AMA3. JFiki
pET-21b UKW #F ¥ (Escherichia coli)DH50. 33 H 4
IO K 5 AR MR B S 50 = AR A7 o Ni-NTA 1 mL
W H il TAY TERNARAR, ECL BEH
) B i biosharp 24 F], R B 7 & 5 e [ Ui
WA S B ROEME R AT, REFAF SEAR
& #4& BL2I(DEDE Z &M H bt & N& £,
PCR 7= 4 4 A% 3 751 5 5 8% 32 25 1) 4% 3700 B A6 o
TAKARA £ %), — $t His-Tag(2A8)Mouse mAb 5
— T Goat Anti-Mouse IgG-HRP i § i ABMART,
BEL 1) P 9 U1 B BEcoR V Il H b 50 NEB A &, 4 i
RNA #2 B 71 & (Bacterial RNA Kit R6950) 1% F
BHEEEYRHEARAE .

1.2/ &
1.2.1 A FE4 RNA 83 B Z apAd 5 clpX o9 u1%
FEHL NJSZ-13 40 RNA Jf S i 54 . cDNA,
DL cDNA Ji& R 41 9 SR, FiR 98 25k 8 7 41 % it atpA
5 clpX B 7 51 91 (8 1D FF 3847 PCR 14 . PCR
NSk A2 95 C TAEPE 3 ming 95 C A% 15 s,
61 CIBK 155, 72 C ZAH 2 min 30 s, 3L 35 M FE
Ry 72 °C WRAEAH 5 mine. FH 19 Bt i bt i e vk gk
ATHRAE, YIHCH 1) R BRI Vazyme % [R1USCR 7 &5
WAL=
122 RAZEARBARGME
PEHUE AR pET-21b J5 R I8 B EcoR V HE47
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Tab. 1 Polymerase chain reaction primers

FE R FK Gene name 1E [ 5|4 Forward primer

S IH) 514 Reverse primer

aipd AGAAATT

clpX CATTTATCGTGTAC

AATGGGTCGGGATCCGAATTCATGAGCATCAGAGCTGA TTGTCGACGGAGCTCGAATTCTTCAGAAGCTACGAA

TACTTTC

AATGGGTCGGGATCCGAATTCATGTATTTACATACGATA TTGTCGACGGAGCTCGAATTCTGCAGATGTTTTTGTA

TCAAGTACAGTA

1 RIZRH 5 N FIIEE 7751 Note: the underlined part is the sequence of the homologous arms.

fiE 1), B atpAd F1 clpX 1] PCR 44k 7= 4 5 g U] 25 44
pET-21b &4z il & K B DHSa &2 A, Kk
PP i N2 A M, NN Luria-Bertani(LB) )
EEFREREE IWVERMATEHAATEE R (Amp)
) LB “FA_E 37 °C 1537 12 ~ 16 h, PR B &4
P 7% PCR %55€ . %558 1B 5% B & AR MR
HIRA TR FEEC T 1A B M AT R R
SR, O B A ORI N B R A B K A
BL21(DE3) &z A4, IFESH Amp ] LB ¥
W E 37 °C 5595 12 ~ 16 h. PREUH M 7% #E 47 PCR
% e IRk F R B S A F T
123 ATP-a #= ClpX #)if 5k ik

Pk B 56 UF 1F ff 1 B 1 B MR 2 N & Amp 1] LB
WA B 93 R, 37 °C. 200 t/min () 45 0F T RS
EE TR . % 1:50 (1 L7 I 70 A I 55 3= M H N
 Amp [ LB ¥ 1k 55 77 2 55 78 2 ODgpg 4 N
0.4 ~ 0.6, LA K B Ak T Bl A Rk AN 1)
AERRES o 170 3 0 R A DN R TR 2 -B-D-Bi AR AL
¥# ¥ (Isopropyl-beta-D-thiogalactopyranoside, IPTG)
FELAIRE N 0.5 mmol/L, 45 EF 16 °C. 110 r/min
$E3 16 h, 25 °C, 180 r/min $&15 12 h, 37 °C. 200 r/min
PR 3 h, BT EEERIA . 4 FH A M A A (S HE 75 AR R
B, 2 AR EIEFNUTEE, YIE M 1 < PBS Z20
# &, #H17 SDS-PAGE BRIk 85 A 2515 o
1.2.4  ATP-a #= ClpX #9451k

BRI S AL 123 TR ikt T EA
HAKKRE S, WEESE R R A LG8 Ni-
NTA & [ aifb it AT E A & AR alith, IRk 4r
SDS-PAGE 51k # 2H £ [ Big i 2l Ab 2R
1.2.5 JRA &K% G B0 Western blot %5 &

alifh 3 G EE ATP-o F1 ClpX 4 SDS-PAGE J5
% PVDF Ji, —Hii% 1:5000 LU R, KB T
—HiHEE 1.5h, 4585 1 x PBST ¥k 3 . 41
2 1:10 000 Lo A7, B B2 % T — i == IR e
% H 30 min, Z5 5 1 x PBST ¥4 3 K. ¥ PVDF
JEPH T UG A X6 A i &b, IR ECL 252
WOAT Bt R, WL
1.2.6  ATP-a Fo ClpX A £ & &

fE 1.5 mL &0 8 H 70 Al i 200 pL 44y 85 H

ATP-a. ClpX LK% 100 uL ATP-a 5 100 pL ClpX ]
BEW, B G AR B0 2 BN 200 uL #AFF
28 U (2 2 000 250, BT 25 C B &M T
B F 24 h WA E O IR EL 20 uLOKZ) 50
SR ZE HOFEAR, Tl I A I 88 48t (112 sl IR &
Sk ) W7 BB T 17 0 O R SR BRI A B AR AE T .
PL 1 x PBS Ayxf HEALBE, Fp M ACFRAAE A S K. ff
F SPSS X i EaEid AT B R 2R 07 2= AT, A dr Ak
A 2 (A R RIS TR 2 52

2 HREH

21 REFEOWMREEE atpA 5 cIpX WEE

N E AR ATP-a 5 ClpX ) 4 i 3 K apA
5 clpX 2 PCR 4 iEHEA XIS M B V% PCR %
WEfEEE R 1.2 From. B 1 A2t o iors ) 2
NG F BT 1000 ~ 2 000 bp 2 17], 5 ATP-a T
M1 509 bp)FF & o AL EcoR V HEYI ) pET-21b
B2 EcoR V 5 V) 1) 2 1k bU A B 7R 2R 4 Al
WYITF . BV PCR =9 BBk A I 45 SR oK, 4 K
/N5 ATP-a 72 B Fr B (1 509 bp) 75 4. & 2 g1
Fr B RS T 1000 bp, 5 ClpX Tl (1 335 bp) £ & s
B 7% PCR =¥k &7 5 ClpX Fil% A BE(1 335 bp)
KANFEE . MF &R TR, BEHEASTER apd 3
K5 clpX BN, HEER P A5 2% 75 —8, KWK
LR IR A ATP-a 5 ClpX f0gm it I K45 21 pli ) 7o %
22 FEERIEHEHEE

W NEALTORI R BL21(DE3)#HT PCR
WK E, SRRk B S TR B — 8 (E 3.
W PP A 3% Tt A 4 A W HEAT I, SEE H
) FE R L4 % Ih 96 N\ BL21(DE3) R is# A,
2.3 ATP-0 5 ClpX WIS RIE

£ 16,25.37 °C 2641, FZAEER ATP-a 5
ClpX B3R ERIE(E 4. GxtiB4ML, HirEkA
filf ATP-o F ClpX 437 T 55 kDa 11 48 kDa 4k 3k 15
HEhRik. HH ATP-a 5 ClpX 7E 16 °C+ 110 r/min #2
55 16 h 5 5 5600 TR S b Rk HAL iR b .
R, 16 °C. 110 /min #2155 16 h N HEF S 414
24 ATP-o 5 ClpX Bzt

¥4 IPTG i $ 3R 51 ATP-a 5 ClpX 1 A
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5000 bp
2000 bp 3000 bp
1509 bp 2000 bp
1000 bp 1500 bp ) 000h
750 bp 1 000 bp P 1509 bp
500 bp 750 bp
250 bp
250 bp 100bp
100 bp:
100 bp
a atpA 2 PCR 473 b pET-21b #{43T EcoR V HffFHIH5IE ¢ Hiv% PCR B6iIE
PCR amplification of the full length of apA pET-21b vector verified by EcoR V Colony PCR validation

single digestion
] a: 1 3&7K 2 000 bp DNA ladder + marker; 2 &R atpd B B b: 1 3R7% 5 000 bp DNA ladder + marker; 2 7~ K4 3d EcoR V FEHI 1
pET-21b #ifAk; 3 FRLid EcoR V BEYI pET-21b 34k . B c: 1 F7= 2 000 bp DNA ladder + marker; 2 %= atpd ¥4L 7 (DH5a) . In Fig. a, 1
indicates 2 000 bp DNA ladder + marker, 2 indicates atpA clone band. In Fig. b, 1 indicates 5 000 bp DNA ladder + marker, 2 indicates pET-21b
vector not digested with EcoR V, 3 indicates pET-21b vector digested with EcoR V. In Fig. ¢, 1 indicates 2 000 bp DNA ladder + marker, 2 indicates

atpA transformant (DHS5a).
1 ATP-o & A4MAGIE R aipd Jk DH 1 5e B
Fig. 1 ATP- a cloning of the protein coding gene atpA

1 2 1 2

2 000 bp
1335 bp 2 000 bp
1 000 bp —— 1335bp
750 bp 1 000 bp
500 bp 500 bp
250bp 100 bp
100 bp
a clpX 2= KA PCR 414 b 7% PCR ¥6iiF

PCR amplification of the full length of cipX

Colony PCR validation

a: 1 7K 2 000 bp DNA ladder + marker; 2 7w clpX w255 . Bl b: 1 IR 2 000 bp DNA ladder + marker; 2 &R clpX .7 (DH50) . In
Fig. a, 1 indicates 2 000 bp DNA ladder + marker, 2 indicates c/pX clone band. In Fig. b, 1 indicates 2 000 bp DNA ladder + marker, 2 indicates cipX
transformant (DH5a).
B2 ClpX & HmIBHEERE clpX B F ek
Fig.2 Cloning of ClpX protein coding gene clpX

1 2 1 2
2000 bp
2000 bp st
1335
1509 bp 1000 bp P
1000 bp 750 bp
750bp 500 bp
00b 250 b
p
250 bp 100 bp
100 bp

a atpA FEH 7% PCR iE
atpA gene colony PCR verification

b clpX FEFTHE % PCR HE
clpX gene colony PCR verification

a: 1 78 2 000 bp DNA ladder + marker; 2 KR atpd #4LF [BL21(DE3)]. Fl b: 1 37K 2 000 bp DNA ladder + marker; 2 &7~ clpX #4bL+
[BL21(DE3)]. In Fig. a, 1 indicates 2 000 bp DNA ladder + marker, 2 indicates afpA transformant [BL21(DE3)]. In Fig. b, 1 indicates 2 000 bp DNA

ladder + marker, 2 indicates c/pX transformant [BL21(DE3)].

B3 apd 5 clpX £ R # BL21(DE3) H## 3RS

Fig. 3
Ni #:4i1b J5 31T SDS-PAGE HE 3k A, 45 5 i R J5
¥R XE AR ATP-0 5 ClpX ¥ £ N B — %
(' 5), £ ATP-a 5 ClpX 15 MR 44L .

Inducible expression of atpA4 and clpX in E. coli BL21(DE3)

2.5 RIZFRIZFHEER Western blot X£F

H1 T IR IR R 2R Il SR A 34 pET-21D

A His AR, B RF 571 His AR5 PR, 8id
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180 kDa
180 kDa 100 kDa
100 kDa —
63 kDa
63 kDa 48 kDa
48 kDa
35kDa ————
35 kDa
25 kDa - 25 kDa =
11 kDa 11 kDa

a #4& pET-21b i34k SDS-PAGE ik
Vector pET-21b induced expression verified by SDS-PAGE

M 1 2 3 4 5 6

180 kDa
100 kDa
63 kDa
48 kDa
35 kDa

25 kDa

17 kDa
11 kDa

¢ ClpX #5533k SDS-PAGE 4l
ClpX-induced expression verified by SDS-PAGE

M. EE S FEFIL marker. 1. 16 C ;2. 16 °C YTIE; 3. 25 C _[3f: 4.25 °C YTIE: 5. 37 C _Li#: 6. 37 °C Yii€. M, protein molecular mass
rainbow marker. 1, 16 °C supernatant; 2, 16 °C precipitation; 3, 25 °C supernatant; 4, 25 °C precipitation; 5, 37 °C supernatant; 6, 37 °C precipitation.

b ATP-a 5341k SDS-PAGE Kk
ATP-a-induced expression verified by SDS-PAGE

E 4 ATP-a 5 ClpX #53%1% SDS-PAGE 4-#1
Fig. 4 SDS-PAGE analysis of induced expression of ATP-a and ClpX

M 1 2

120 kDa — -

T0kDa ——uum
55kDa — -

45kDa —

25kDa —

M. & {45 FEZHL marker; 1. ATP-0; 2. ClpX. M, protein molecular
mass rainbow marker; 1, ATP-a; 2, ClpX.

5 ATP-o fll ClpX [R4E1L4E R 54T
Fig. 5 Analysis of purification results of ATP-o and ClpX

G 58 BN R 36 %) i A% I8 B FU R ATP-o0 AT ClpX 1
AL ORI AT IR % 52 o 45 5 R A 4 T SRR
L&, ATP-a Ml ClpX #4745 His f4A kI BH 14 1) H
b 1 2RIE, TN IR B R I H A7 S His AR 21
FHPEER E (B 6). RS R E SDS-PAGE Mkl 2
R G, WHTE FRE SR T, LT ATP-o
Al ClpX (5% %1k, H ATP-o F1 ClpX K/N735H14
55 kDa il 48 kDa, 5T/ T & 3.

120 kDa

70 kDa
55 kDa

35 kDa
25 kDa
15 kDa

M. & 15 F & 4L marker; 1. ATP-a; 2. ClpX; 3. &8 A% HH . M,
protein molecular mass rainbow marker; 1, ATP-a; 2, ClpX; 3, empty
vector control.

B 6 ATP-a Al ClpX f] Western blot Al
Fig. 6 Western blot detection of ATP-a and ClpX

2.6 EEFREFEAMHREEENE

fii 4646 B I ATP-0 5 ClpX AbERFARF 2R e,
SERBIR, ATP-0 5 ClpX 7F 24 h & R R H K, 2
AT 35 2 5 T 6 R H PBS Ab R R 2R 2R, Bl o5 I [R] 4
A R Mok S, ATP-a 7E 72 h ik 3| T 66.75%
FIA Lk, ClpX 7£ 72 hiE B T 75.46% W1 R £k %
(£ 2), GXEALZEREE. A, AR EARE
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[F) B A B A A4 28 b, R 2R RE 1 K K38 9, 24 h fEik
F) 66.32% HIFRLH, 72 h &% 91.01%.
R2 ATP-0 5 ClpX IR & EENE

Tab.2 Determination of nematode activity of
ATP-0 and ClpX

b s FARFER BET- 3R B. xylophilus mortality/%
Treatment 24h 48 h 2h
ATP-a 1233+ 1.74¢c  3484+245b 66.57+2.13¢
ClpX 18.75+£2.17b 33.34+2.05b 7546+2.64D
ATP-a + ClpX 6632+1.53a 7491+157a 91.01+0.62a
PBS 2.74+0.56 d 591+0.78 ¢ 7.78+1.18d

VE: FFIARVNG FRER R 2 7 3 (P < 0.05). Note: the lowercase
letters in the same column indicate significant difference (P < 0.05).
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