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P B P B XA R DR A RO AR R AR IR RL R G, 4 R PR AN BURL i 44 A
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515 RNA, HJ sgRNA, LLRAERE[EYREH KA opdB H [FZ K LR iR RE A
Bt AERG @B B X1T H, IS BORLSE JE 3 O i N B . 21555, [FRE AR E,
opdB FERM IR . S5, iR RAERKT 30%. RAZE X1 -AopdB HIEY) %
SRR KW, opdB HEDRZ X1T WA AU 24 1) FEARARE ) — A B B ] . X2 3k
T8 IRAERE 4 b6 J& F >R CRISPR/Cas9 J [R 2 4B 15 AR i A7 28 R i B 1) e D T B2
A FEA R T — A FRA T B TG B X1 A BB AR 24 PR AR ) R AR I R B T i

AR F BRI

(DA 1 P T B I g b X1 R LB K Bl R ] opdB B B kL - 73 31
fir % N pACasN Fil pDCRH. HH, pACasN i+ &4 Cas9 FE [ F1 Lambda Red
H ARG . pDCRH i & A XN sgRNA Fl[F] 5 5 20 15 5 R .

(2) K pACasN Ji ki Al pDCRH JFkL & K5 N B EFEH B X1T, FFfaeiift.
TERE KIS R AL R . Hodr, pDCRH JIALEL AL TR PR X1T RE A 86.1 +
21.3 CFU/mg; pDCRH Jiiki %L Eikk X1T-AopdB IZHE N 7.4+ 1.9 CFU/mg. &L
AN RRLESE I NE MR X1T, 50K, pACasN MRS E S ANkl pDCRH
AR 11.6 £

B)ZIRF) 5 FRIA Cas9 FR A M LambdaRed A R 4E, TR LIHES] T opdB
SRR B X1 -AopdB H, RAZR KT 30%.

(A% E U AL X1T-AopdB BT BURLIE R LG IR R R Sl . LRI 1T,
pACasN JF KLV R R E N 13/16. pDCRH JFURL AT K50 4/16.
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ABSTRACT

Cupriavidus nantongensis X1" is a type of strain of the genus Cupriavidus. Studies have
shown that strain X1 can degrade eight organophosphorus pesticides (OPs). Conventional
methods of genetic manipulation of the genus Cupriavidus are relatively time-consuming
and difficult to handle. The gene editing method of third generation, CRISPR/Cas9 system,
allows the manipulation of the whole genome of organisms. The successful uses of this
genetic tool have been reported in many prokaryotes and eukaryotes. CRISPR/Cas9-based
gene editing system has many advantages, such as simplicity of design and operation, high
efficiency, accuracy, and widespread use. In this study, we combined the CRISPR/Cas9
system with the Red recombination system from lambda phage that could improve
homologous recombination efficiency for seamless genetic editing in Cupriavidus
nantongensis X1T. We constructed the two-plasmid system for efficient genetic manipulation
of the genome of Cupriavidus nantongensis X1, which were named pACasN and pDCRH,
respectively. In addition, the pACasN plasmid contained the sequences of Cas9 nuclease and
Red recombinase. The pDCRH plasmid contained the dual-single guide RNA (sgRNA) of
the target gene of opdB encoding organophosphorus hydrolase (OpdB) and the fragments of
the upstream and downstream homologous arms of opdB that promote the occurrence of
homologous recombination in the X1T strain. For gene editing, two plasmids were
transferred to the X1T strain successively. After induction, homologous recombination
occurred and the opdB gene was knocked out successfully. The incidence of homologous
recombination was calculated over 30%. Biodegradation experiments of the mutant strain of
X1T-AopdB showed that the opdB gene is a key gene responsible for the catabolism of
organophosphorus insecticides. This study is the first successful application of the
CRISPR/Cas9 system for gene targeting in the genus Cupriavidus. It furthered our
understanding of the process of degradation of organophosphorus insecticides in the X1T
strain.

The main results of this study are as follows. Firstly, two plasmids were constructed for
knocking out the organophosphorus insecticides degradation gene opdB in Cupriavidus
nantongensis X1'. They were named pACasN and pDCRH, respectively. The pACasN
plasmid contained cas9 gene and Lambda Red recombination system. The pDCRH plasmid
contained dual sgRNA and homologous recombination repair templates. Secondly, the

plasmids of pACasN and pDCRH were successfully transferred into Cupriavidus
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nantongensis X17 for the first time. The two plasmids were stably inherited. The
transformation efficiency of two plasmids was calculated at the stable growth period. The
transformation efficiency was 86.1 £ 21.3 CFU/mg for the pACasN plasmid transferred into
the X17 strain. The transformation efficiency was 7.4 = 1.9 CFU/mg for the pDCRH plasmid
transferred into the X1T-AopdB strain. After two successive transfers of the plasmids into
the X17 strain, the results showed that the transformation efficiency of the pACasN plasmid
was 11.6 times higher than the other pDCRH plasmid. Thirdly, the mutant strains of X17-
AopdB were screened on LB plates when reagent induction was performed to express the
proteins of Cas9 and Lambda Red recombinant system. The editing efficiency of the X1T
strain was calculated over 30%. Fourthly, plasmid curing was performed on the X1T-AopdB
strain harboring two plasmids to achieve seamLess genetic editing. Calculated by scribing
on the antibiotic resistance plates, the pACasN plasmid was cured with an efficiency of 13/16
and the pDCRH plasmid was cured with an efficiency of 4/16. Finally, the biodegradation
experiments of the X1T-AopdB strain showed that the opdB gene is a key gene for the

catabolism of organophosphorus insecticides in the X17 strain.

KEYWORDS: Cupriavidus nantongensis X1'; CRISPR/Cas9; organophosphorus

insecticides degradation gene opdB; the two-plasmid system; gene knockout
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1.2 FERERAASINR

1.2.1 FERREBEDERFY

WE b i 2 — KPR = IR, APIR, i ERIEshN), BibRe R R Bk R L E
T, EHARWE. ExES R EASERYUE, I H 2R K g2
H L4, WER 06 & S A b £E & AP AR AR PG R R ZE 4 R . 1, N.S. MAKKAR 4§
N, LB RIEM B N-1, fERIERMEE, REER RO E IR R A .
SR, HEIEPARCE IR NN, NS, 5oBdtE. BIAE. fiE
FORF I 08 VR 2 BRI L BRSSP MR s A 22 GBI 2 5 e e A KUY,
Junwei Yan 5N, fESEPEISVEH 0 B 00— ARIEH B T2, W DAEATAEAL B K,
Pieter Monsieurs % N\, 7EMTZ 2 B BG IR K RGMAEOK T E RS, LR
A I 2 SRR S Bk 2 B FR IR, 40 B tH =P A ). Claire Amadou 55 A, £
KEMEEI G EEH EH LMG19424 {F9IRE 1w 5 S RHHTIAER R, (et 7
AN, FEIGIR b, WESRE gilardii 51 EHL2 1 B U 3 B N R RS0 P T,
SR, Kobayashi 25 £8 I R KA TG e bk fe B 540 DAEA, RIMEWE gilardii X¥/99%
IHREAR T BTG S e i A B0m T Rel2) . S AME F BHIG R L3R B, BT B
[ MR VA E VB 2 REME TP A ERE I B pauculus, 5@ R ANFERIMILL, FE FAE
b 3AI8), Jayashree Ray Z5 N, 7EEF 7S KA, 70 85 % H — PR EE PR 4R T8 4G11,
5B E DSM J7 41 [FEJETEAE 99% LA 14, Masaki Okunaga 58 N\, 7E3E KI5
AW I T VB D e A A, FEER WINE R I & 5 5| SRR IRGE P B A e B
e EAR S,

1.2.2 FEAERA M AR

WEA B B AR ARSI R S A, BEIRZ AN BN, WESR R A AEAE T A
FAEE &5 B IS AE TR R (5 U0, M A AR SRR hth B AR Z Dige. Bt
KU, ©nT LR T & IRA Y SRS Kb EE . Junwei Yan 556 N YRS Y8 H 4y
B — PRI B oxalaticus T2, TEBRFARREAAIRIE, C/N H2H 10, 30°C, 150 r/min Al
pH AFPER ARSI N, T2 WAL FA L, T2 BT AE 12 /N AR R
NO3; N, JFErILAFEE 5% 69 mg/L ] NOs-N A1 1000 mg/L 12K, HAdr, K 2iE
I AR AT IRAR FEAR I, AR 5 2 18 0 A R R A A 1) S AU R I 5 R i AR S B i B
FEh, WA ZPhE SR ARIGE, T AR ST RS ). BN, Jun Min 5E A
WE9E, WEART sp. CNP-8 B ERUN 2, 4, 6-=IRMyBRMEE, JREMmE ATk
B, hnp RYIFERFESF L, W45 FAD MM 508 HnpAB 18 & S 1 A AL Al
IKFEIR NG 2, 4, 6-=IRKM, B 6-1R-1,2,4- K =FEAE NI IRY), 44
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%, hnpA [FIEW /A fe LM AR &, (HI2 5851 hnpABC % R fERE S i R 2,
I HAE BRI A & T P A R 51 1, X 5 1 A0S W 4 B e A2 o AR v G ()3 B 5
R FE BT, Jyoti Tiwari S5 NBFFT, WEHTE a3 RERIH 2--4-fE 2 K E i — T
RIE, HXIT pH A 7, 1€ pH N 8 I, WHRAARESHEMERMAELEY, JFEK
79 0.3 mmol/L PA RIS ] 1 J9 A& ODeoo /9 0.005 HIWEH I a3 HIAKEY, Fi4b
A BRI A I AT AR o R AR AN A, AR 2-S-4-TH B ORI 1R I AR A Bl 5 A
PRELES 1 BRI, AR AN 2-FN oK iy e A, 2-S-4-TH AR B AEAE T, BtK a3 1Y
AR AR T @S TS 5 5 FE AU, Marie-Katherin Ziihlke 58 A KL, A
BRI IR VG S B basilensis SBUG 290 18 FH &M 75 B AL & 9tkiE, BA K 5EOR
SERIA R IR IE Y IR R Gy < — 0 A FAkRe )1, SRR E
17, HA PR RN HME TR PR, X AR AR AR T O T R AL R 2 i
W] B LA 0 AR 24 1R AT IR B R B 5 B A# 4T 9 - 5140, Thomas Z. Lerch 8 NBFFT 1 A4EW)
BT 6T WG AR B necator IMP134 AR 2,4- & KA LFR(2,4-D)HI52 N , B4 1 necator
JMP134 BV 2, 4-D Jyblls, VRN, JEREDEE, HAEK —RFE, 40mMmoh
FEWRI R EYP R R B M SR, 7E 2, 4-D BIFFMSLIGT, S V0FE M IR UG A%
TXTHRA, RIAWEH B necator IMP134 HA X 2, 4-D W AR IBE /), HMIM 2
BEXT 2,4d FOF R ] BE ARG & necator IMP134 R FHZ 4> 1 00— Fid AL #1200,
Vartika Srivastava &5 N1E =R E FINEAS e B0 T8 H, WP (- &R k),
S —BR S SR P RE SR B, 7E 100 mg/L WRFEIIS SR CLEIREE T, X DUl /S &R
Ol EFERSE (- NEAR L, B 80%LL HIFEAES, Kt Dok iuvrg
i B T DIE AR 25K PR Ge s B R P W AR TR R BB PR K B AR R AR SR A Tt AT
JRKAH R £6 10 B ANBTAE R I Bl . Shizong Wang %5 N 1L AL AE Y [ 87 % T 40 25
BRI ) = A AR AL R, L iR AR 1, = SR AR I RN G
SR T Y800 B A SO A A B S o AR R AR SR T AR PR A B TR S AL
RETE e ERIEER SR, T =S4 R BeAEA AU SR AE T A4 il & P B A Tt o0 L B
BRAHEMEAEMEERERER . #140, Mohammed AL-Nussairawi 56 A
Fi 1 2 PG B0 oM 32 B0 L 7 3R I PR AR AT RE e 0, b 7 ARIE AR 1 T DARE A
i E 72 A (OTA), 4 PRIEH e g i it 75 K B1 (AFBI), 4 PRIEH I AE P £
KIARENGE] (ZOND, 3 BRVEH R 7T LAREMAE T-2 33 (T-2), WA VB4R B AT LA B Ak i S
TR IR E I EE(DON), PARIE H o B bR PR I PR L B2 2%, B metalliduriens CCUG
-13724" (AFB1, T-2)MME4RTHE oxalaticus (AFB1, ZON); PHARNEAR T B bk AT F AR = Fh
HBWE R R (ZON, OTA, T-2), Bl pinatubonensis DSM -19553T 1 basilensis, &4 B
numazuensis DSM -155627 [%f# VU B % 75 X (AFB1, ZON, OTA, T-2)@%I,

FE AR = |, WEHR R JE v DM E N AR B2, F T2 R 427 . Hannes 55
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N TR, WEHE necator 1EN—FhEEALLHEE, AT LUR] &SN — S8 A0 BRI i)
E5 WEFEIREERE, TR AT AR AR RAEM AT — 2. Avinash D. Deshmukh
SNBSS B, R TWEHE necator A7 MR R UF Y B ] BRI AR IR A W)
FRILT AR PHB®L, A4k, 4 Jeongvin An 5%, WEHIE cauae PHS1 0] LAFH—
RYNERYD, @ik KRR, ERERFIET, v A —MRTECH AR R R
ST HREE PHB HI4E=3412%, Paolo Costa WFFURAH, £ &N LR T DL i i
necator DSM 545 KA R IR L EL R ITIR I 6E /7, FF HAL3E SR U SR 45 % I
e Ea e KR ERNRRSVIER, XY 5 7 ARKX C. necator ]
TEMA SRR, Vickie Modica % A&,  Cupriavidus necator j&—FhX i
ZUIRe A, & AR R e 2= kA AT S 72 32 & 77 i T
Jo B EEARNR R4 3R B T = BB T RERN Cupriavidus necator 41
1) 4= 40 A= ) B T A AL B 28,

W] TR JB 10 REAE 2 JB AT AL IX S5 o 2% AF VR TR AEAE, IS B SRR Rt =R,
R & R EAEDENE TR, EEER. . £%&R, S5R8B0N4E
V) HOERAL A PR RN T PR T 2030 FEARME A 7= 07 THT, BIFFLR B, & Vg 1 7R
TR g, Rk TOKREN AR, b TOKREREE AR B B S AL, XNE SR
1530 T OR B R AR 7 1A ORI e gt 7 — R % 5 WLAEPH . Aniko Konya 55 A
R, EEERE CAHRNAET, WAEMBENFE LRI, —SMAYwE meg
W, BEEAEAERKRS . e RRRAKRENESEGRT, TER T =R
AR R R IR e A SR AR 1330,

1.2.3 FEBRESEE X1" AN BSRGEBOARER

FBIIEREH B Cupriavidus nantongensis X1T j& — R A NIBER 2[4 H, 288 HE =
RSB BRER,  H A SR IR G AR R — SR BROIR BORL P 1 B e DA
CRISPRs #HICFE ], 1T A T2 K 448 - GenBank 11455 K 2045 B 6 5% 59 CP014844,
CP014845 Al CP0148461°4, 22 KL A LLXT FIVERE, JFUKLFE 41 vh A LA — A LI/ A
B RIER (opdB), &wlERIEHIUEHIIGE, & opdB kPR ) FHE b B 40 i mT
PLF B JEMRIE AN TCP, FHIEW] T opdB 9t I ATURS 7K i i = EE DT 288 9 35 A0 1) g
A, HUCHTERSE, PSS oA 8 Mok, dn =ik, XIEEE, KM
W, POVRWE, SRIOREE, BRREE, RIS, KRG RHASE MBS R,

X1T i BA BRI, BERRCR &SI Shi SF NFFFL T FEmE M X17
X 8 MANLEEAZ] (OP) WIEHMAMEYIRI MR, FFXT OPs /K BB EE R AT 1 50
WA WME B A, ME 1B BAARBRE AT 1 HRPol, HgE IR IR, X1TH AT
CATE 48 h X 6 My WUBEA 25 A BE 0 IR . FHBEX BRI . XIORME . ARIEHRRE. =Pk, ¥
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