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Marker-less gene deletion and the function of hcp gene in
Acinetobacter baumannii
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Abstract: [Background] Acinetobacter baumannii is highly resistant to antibiotics. Gene knockout is an
important way to study the virulence and antibiotic resistance of A. baumannii. Currently, most gene
knockout methods rely on the use of an antibiotic selection marker and are not suited for multidrug
resistant strains. [Objective] This study aims to establish a marker-less gene deletion method to knock out
the genes of multidrug resistant A. baumannii for subsequent experiments. [Methods] We used a two-step
screening method using homologous recombination and the resistance of pM0130-TelR to potassium
tellurite to construct the type VI secretion system hcp gene deletion mutant of A. baumannii. Then we
tested the growth ability, bacterial competition ability and serum resistance of the mutant strain. [Results]
By constructing a tellurite-resistant suicide vector inserted with recombinant fragment, pMo0130-TelR-(hcp
up-down), we successfully knocked out the hcp gene in A. baumannii. There were no significant changes
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in the growth ability of mutants, in contrast, the bacterial competitive ability decreased and the serum

resistance increased significantly.

[Conclusion] The marker-less gene deletion method using

pMo130-TelR is applicable for creating gene deletion mutants in A. baumannii. It will be very useful in
multidrug resistant A. baumannii gene deletion and will have profound significance for A. baumannii

research such as the antibiotic-resistance mechanism.

Keywords: Acinetobacter baumannii, multidrug resistance, marker-less gene deletion
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Table 1 Bacteria strains and plasmids used in this study

A 3 B oK RN, DR AU 3 AN B BB
To, SEE ARG, WESE T6SS X b ik fifd 2 AS sfi
PRI EE RN 251 28 G %2, T6SS L4l hep
SRS ET Hep & LA AL T6SS 1 ARl
AFFE LIS RS RARERE ATCC 17978 Sh
FE%4, FIA] pMo130-TelR J5K: i 5¢ Ji it & AN 5y
FFER T6SS H hep JER B ribR, MG 26 S A ST
TR 50 P R it 24 B AAF 5 25 S

1 MBS
1.1 BEFRFABRL

S ARSI HARERE ATCC 17978 HHEA
R A 30 2 5 T B 42 o v o R B8 2 D G, TR
pMo130-TelR W4 H b 3 B8 [ B A= Py S A B A
FRAT], KBFFE DH5a F1JEK. pRK2013 Hi A5
B R AE, Bk pMo130-TelR-(hcp up-down)Fifif]
S ANEFH ATCC 17978 Ahcp JAfF s, 4N
= 1R,

[E1 70 A & 14

Strain/Plasmid  Characteristic

Source

ATCC 17978  HSASFFmbrEM, CHL HufE P o T N RS PR S 5 T 97742 ) o [ 5 22 DT e

A. baumannii type strain, CHL® Presented by Mr. Chen Yong, Disease Control and

Prevention center of the Chinese People’s Liberation Army

DH50 KT E. coli RS {77 Lab collection
ATCC 17978  hcp ZH bk ATCC 17978 ARSI
Ahcp 17978 hcp gene knock out mutant This study
pMo130-TelR  Km #ith:, Tel ik W [ At 5t W ] PR A= 5 R R A R 2 )

Km®, Tel® Purchased from Beijing Zoman Biotechnology Company Limited
pMo130-TelR- 44 hcp £ Fil#4% 500 bp [ I 4 Be i) pMo130-TelR 7 SEB6H4)

(hcp up-down)  PMo130-TelR containing 500 bp homologous
fragments upstream and downstream of hcp

pRK2013 Km #itk Km®

This study

A5G 2 {77 Lab collection
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12 FERFIFULERIEFE

AP IE 4] DNA $RBOLH &, bl A A
WH ARG AF; PCR =Halifbiin g . ik
R S TR ARG &, Axygen WAL BR
HIPEP IR . Pfu Buffer Mix, 10xK Buffer, 10xT4
DNA Ligase Buffer, 4% TR (K#)ERA
H] 3 Z % & (Chloramphenicol , CHL) V. fi iz £
(Potassium Tellurite, Tel), 4= T A4 TRE( ) By
ABRAFE]

PCR #JEHY, Eppendorf 23wl ; Fa kA H
VKA, JEFS—A R A PR A 5 BERE LSRN
iMark FiFR{%, Bio-Rad Z2~w]; £ UMM = &0
B, Heraeus /A wl; [HIE/AKIEAE, bt B &&
A7 ; NanoDrop 2000 # {22 4N AT WA Y6
it, Thermo 22+,

YT 859858, A TAY TR(EE)RMDA KR
YN
1.3 FtricaLkR hep £H
131 3|9

FdiE NCBI A A (Al 2 RSk ATCC 17978
(R4 HE R ZH 781 (ATCC 17978-mff NZ_CP012004.1),
BRI T AR RO S, ERTHE T
i 4% 500 bp ¥t Hep Up/Down 5147, 343 HI7E
51 Hep Up F 1 Hep Down R A9 5% i | Not |

*2 ALWFASY
Table 2 Primers used in this study

A BamH T A )07 5 o %558 51 W) HE B hep JE R Y
¥ 307 bp ¥ 41 J2 pMo130-TelR | T 7 A Bedfi
ADL SR 518, 5175 INE 2 s
132 ¥#hepEEL. THtHE

Fie REAH TR L R 41 DNA $EHGLH) & 1 AE 2D R 4
L ATCC 17978 JE[H2H DNA, LIJE[H2H DNA g
¥z, LA Hep Up (Not 1) F/Hep Up R E{ Hcp Down
F/Hcp Down (BamH 1) R 5#%t k514, H Pfu
Buffer Mix #47 PCR #"## ., PCR WK ZR : Hitk
1 uL, b FHEEIA0 umol/L)4 1 uL, 2xPfu
Buffer Mix 10 puL, 252 F7K 7 uL. PCR J i 2514 -
94 °C 3min; 94°C30s, 56 °C30s, 72 °C 1 min,
35 Mg ; 72 °C 5 min,
1.3.3 hcp k£, TifFE#ER

PL Fik hep | FiE4% 500 bp ) PCR 7= ¥
K% , LA Hep Up (Not 1) F/Hep Down (BamH 1) R
I hE1Y, WAl EE#ETT PCR ¥73, PCR
SR ZR AT PCR J A5 1.3.2. I [l i
gt B 8 H BEEA T D
1.3.4 JRALRIET R B EREEE L

I TR BRG] £ 42 pM0130-TelR ik,
FH Not I A1 BamH I Xf Bkl 1.3.3 - HyithA T3
V1, WiEED =i )s R T4 S

5192 731 PR

Primers name Sequence (5'—3') Size

Hep Up (Not 1) F ATAAGAATGCGGCCGCATCTAGGTTTCATTCCGTTAGT 500 bp

Hcp Up R ACTTAAATAATTAGAACTTTCCTATTTTTA

Hcp Down F AAAGTTCTAATTATTTAAGTGAATATTTGG 500 bp

Hcp Down (BamH 1) R GCGGATCCAATACAACAGGTTCATATAA

Hcp jdF ACAGCAGCATATTTCAAACC Wild type: 307 bp,

Hep jdR CTCATAACATCCGTCAACCT Ahcp mutant: 0 bp

pMo130-Tel F TTTACCACGACCGCATTCTC 1 AJ5 1216 bp, A4 AR 216 bp
pMo130-Tel R AAATAGGCGTATCACGAGGC

PCR product is 216 bp before and
1 216 bp after insert hcp up-down
fragment

T RIZ R BONRRUIAE R, LR 20 A5 1

Note: The underlined fragment is the restriction site and the bold part is the bypass fragment
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B EREE YA 100 b B KA E
DH50 /852 A 41 ML rh I TR 2, VK E i E 30 min;
42 °C AP 1 min, RJEHHEKG OB HBE 2K
¥aH1 2 min; finA 900 uL LB R#IRAIG 37 °C.
180 r/min J&H K5 1 h; BRI E 100 uL J5
WA T A 10 pg/mL RABEEZE FT 6 ug/mL M i g
YT SEA b, 37 °C JEFEdad .

135 =FAESHNK

P 2 1K B (ATCC 17978) . 14 i [pM0130-
TelR-(hcp up-down) Al Bl 18 (pRK2013) 43 51| 7 LB
Pz 37 °C 85371, SR 5 e 1:50 #4455 LB Wi
eREFEFE, 180 r/min JRFHEFE 3-4 h 5,
3 Fh e 22 FC iU By, (McFarland, MCF)l 0.5, 4%
I 100 pL IR G S M AECHER IR YT “Fal |,
37 °C Wi EE SR B . 1 mL PBS me P K
AR, HL 100 pL ¥ T35 A 30 ug/mL 5% % Al
30 pg/mL WEREERS Y YT SEAR |, kb +.
1.36 fHikEIREHE

FIFH pMo130-TelR | ) sacB B EI #1154 1%
JEORE (A 00 2 AN BIATF BRI AE 5 L0%REMERY YT BEaR3t
HORREAE R, MM %A pMo130-TelR J5iki
SRR o B2 A B FF BT 10% 0 BERE YT
B Bh i S UG IR (5 9% 24 h 5 4% 1:50 #e 4k,
— et 2-3 1R), BEERRE IR, Pk
BT P43 43 30 pg/mL A R YT 4
30 po/mL WRFERAR G YT Fh A S HiAE R
YT AR b, RO I R S U 0 TR I AT —
AL
1.3.7 EEBPRERIIE

AR T B A R B M P AR T R Ry R IR
R R AT BRI B R T AR R, R A R 4 S
PCR ¥ M1 V& %28 . PCR IINIIAR . BIfR
1L, k. F#ZI#(10 pmol/L)# 1 pL, 2xPfu
Buffer Mix 10 uL, %7K 7 uL. PCR J )i 5514
94 °C3min; 94°C30s, 60°C30s, 72°C 1 min,
35 ME#H; 72 °C 5 min,

1.3.8 H{Kmzk

FRERE I Rk (B2 N S AT R ATCC 17978 17/
BRA R 1.3.7 BUEAS ) fifl 2 Rl Ff i ATCC
17978 hep E:PHmBRER)H LB }iFRMET 37 °C.
180 r/min B53Ed i )n, LA 1:60 AYERP LS 1
3 4-5 h, ] LB #i#3] MCF 24 0.5, 96 fLAR AL
200 pL TR, TR 3NEAL, BT 37 °C Hidk.
1 h BUH 96 FLH, M4 ODegso, HF 12 h S2EGZE
W HAEHEEE 3ANEE . UL ODso MR,
Ki gt [e] i Aa b, it H An B8 Ak Bl B (8] 48 4 1
NG ODego fH, 21 S ANSNFFHAE LB A
Kihsk.
139 HAE=

PREUEE A EhATHE ATCC 17978 HFAE#KA hep
JE R @ Bk bR DL K K I AP B DH5a/pK18mob  Fi 1
7%, A LB AR, F 37 °C. 180 r/min
RS, i 10%00 L B2 4 h )5 TR A 1R
JE% 0.5 MCF., &S A KGFF =101 Ltk
BIRAT 2 R, FEL 20 pL IRAIMETRE RN T
2mL LBIRMEPE ., FE12-16 hJ5, JIA1mL
A PRER KR PEBUIG . N 1 mL 5P AP E 100 wL S
AF] 900 uL PBS HHEfT 10 f5 e B B 100 pL #i
B TR, 37 °C ME . 1140 Amp P (fifl
AT Km P CR I A3 7% 8. i
SPSS 20.0 & GraphPad Prism 8 X} 5445 E4 540 2%
BrAER
1.3.10 MiF#Kn

PREUH S AR ST ATCC 17978 HFA:=#£F1 hep
BRI T 3 mL LB W, T 37 °C.
180 r/min ¥igfid ik, ¢ 1:50 FEHEE R SE 4 h, i
MEF % 1.5 MCF, B 1 mL F& T 12 000 r/min B5.0
2min, F B, A 1 mLPBS E&. B 50 uL
W5 150 uL NHS A5, 1ENMEH; 5
50 L B 5 150 pL PBS IR-A945T, 1 NRHIRA .
37 °C K537 3 h. Hu 4 HE EP 4, fHE 6 4>, &m
900 uL PBS, HU 2 ZHFEAS (i i 4 A Xt R4 ) 2%
100 pL, 10 fE¥5IFRIF IR, BT 37 °C Wisfs
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FErE o K HBCRTATE , THE N i3 4R R
Fefti. fd#FH SPSS 20.0 &% GraphPad Prism 8 Xi%id
BTG AR

2 HiRE4W
21 MEESERIFELRFEH pMol130-TelR-(hcp
up-down) & H I8 iF

h TS A REE L A BER pMo130-TelR
kL, Y RS R ZNAT R hep JE[H || R FIR]
TER B, LABE S AT ATCC 17978 J&[K 4] DNA
JREAR, S 1%F Hep Up (Not 1) F/Hep Up R
J Hcp Down F/Hep Down (BamH 1) R #7 3% hcp &
Wb R B, Wik 1A s, 15404 hep B
Jiit 500 bp B¢, 2 5-fL. & hep T i 500 bp 1A Bt .

SR8 L 75 HF PCR ORI i [ i 35 A% hep
up-down B, LA Ei& hep b, FiiE PCR ¥ 17"
Y145 1 uL A, (S [#1%F Hep Up (Not 1) F
F1 Hep Down (BamH 1) R #E4T PCR 9744, F=#iBifls
WHEEHC UK ZE AN 1B PR, R4 K/NR 1000 bp
(9 5] 5 H- Bt (hep up-down), XiZ H i F B ¥ IR
e

G ¥ FiREAEAY hep up-down i B LA &
pMo130-TelR JFiki ] Not 1 1 BamH 1 ) {#
T4 EdEMEE, AR R IBAT R DH5a
. PRI 4 AL TR BURLS 4T PCR 5
iiE. pMo130-Tel F/pMo130-Tel R 5|45} B iF 2% 5
WE 1C Fizn, Bk pMol30-TelR ¥ r= 4k
216 bp, 1 pMo130-TelR-(hcp up-down) ;=4 Ky
1216 bp;Hcp Up (Not 1) F #11 Hcp Down (BamH 1)
R 5% ik 25 5 40 1D fr/ik , pMo130 TelR JG PCR
W) T pMo130-TelR-(hcp up-down) 7 41 H
1000 bp, Z5R &R 4 Mg i+ B HA 4 55k
T(& 4 19 1 SE)BII AT ELLFR pMo130-
TelR-(hcp up-down),
22 EEHUEHESLAMITEERREIE

37 ¥ pMo130-TelR-(hcp up-down)Jdki s A
0 S AT, S 3 A Ay s A A

bp MBlank 12 3 4 bp MBlankl 2 3 4

1 000

200 1 000

1 BBRIFEHREAR pMol30 AR HE

Figure 1 Construction of pMol130 plasmid containing
homologous recombinant fragment

d: A: PCRYI hep SEF Bl T iigH Be; B: PCR (43 hep
up-down H Bt; C. HAFA AL, LI pMol30-Tel F Al
pMo130-Tel R S5 14; D: FAFKIMEHHIE, LI Hep Up (Not 1)
F #1 Hcp Down (BamH [ ) R 5141

Note: A: PCR amplification of upstream and downstream
fragments of hcp gene; B: PCR amplification of hcp up-down
fragments; C: The recombinant plasmids were identified with
pMo130Tel F and pM0130Tel R as primers; D: The recombinant
plasmids were identified with Hcp Up (Not [ ) F and Hcp Down
(BamH I') R as primers

NS AR . MIERE R -ERRE YT FAk
KRB YE T PCR BGIF, 45 B NK 2 Fin
55 2.3 .4 WK IR % pM0130-TelR-(hcp up-down)
(IR IAFF B DH5a, 555, 6. 7 VKBS AHS AR
IFFE ATCC 17978 B4k, 45 8. 9. 10 fLAHR
Syl S R FFF B ATCC 17978 #:4HAL IS 564k 7
%52, 5. 8ikiE54°4 Hep jdF/Hep jdR 5145%F,

Y LR R 2 AN S AT R ) R 307 bp, [B] 2 HrikiE
5. 8 M2 ANSFFHE; 3. 6. 9 UKiEF YA Hep Up
(Not I ) F/Hcp Down (BamH 1) R, A= #k g S AN 5
FFHE =90 A 1507 bp, T ZH %k 1A& pM0130-TelR-
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2 3 4 5 6 7 8 910

bp 1

B2 FHEBMESHUHENGES AT E I
Figure 2 Verification of recombinant vector conjugative
transfer into A. baumannii by PCR

e 20 3. 4 BN pMo130-TelR-(hep up-down) ) KAz AT
DH50; 5. 6. 78N 17878 B4k 8. 9. 108 R bfE A
FFFE ATCC 17978 B MR G HALR LT 2. 5. 8 fL5I
Y14 Hep jdF/Hep jdR 51#7%t; 3. 6. 9FL5 14724 Hep Up (Not 1)
F/Hcp Down (BamH 1) R 5I#%f; 4. 7. 10 fL5l¥ K
pMo130-Tel F 1 pM0130-Tel R 5[ #1%

Note: The templates of No. 2, 3, 4 are E. coli DH50. containing

pMo130-TelR-hcp-up-down; 5, 6, 7 are A. baumannii ATCC 17978
wild type; 8, 9, 10 are the A. baumannii ATCC 17978 transformants.
The primers of No. 2, 5, 8 are Hcp jdF and Hcp jdR; 3, 6, 9 are
Hecp Up (Not1) F and Hcp Down (BamH 1) R; 4, 7, 10 are
pMo130-Tel F and pM0130-Tel R
(hep up-down) Bk b= BEy 1 kb 4. 7. 103K
5% pMo130-Tel F/pMo130-Tel R 5l1#¥p%t, ¥
AN ORI R AT RSP ARG AT,
NJSCRLA S AN SIS IR MR 1216 bp.
23 b SR S R A M A TR R A A
2.3 EREMFRERIIE

RS AEH AR E A EES 10%
REVERY YT i3 3 UG, X6 LA B TR AR Ak A
AIJCHIME YT SR b A= i 7 M A R S P Al AN
AR 19 5 M1 21 5 BT P R A TR DR g B AR T
BREGIGIE, Z5RMPE 3 Fn: 2. 3. 4 BHCHS
pM0130-TelR-(hcp up-down) ) K 74T DH50; 5.
6. 7 AR Rl S AN ATCC 17978 HFAE £k ; 8.
9. 10 BAR H S A ST IR ATCC 17978 S [ FiBR
19 S ¥V ; 2. 5. 8 YKIESI¥A Hep Up (Not 1)
F/Hcp Down (BamH 1) R, #pA: #7414 1 507 bp,
171 75 F 2 R R BE TR R vk R > 1000 bps 3. 6,
9 JKIE 5%k Hep jdF/Hep jdR 5144, hep A Bk

2 3 4 5 6 7 8 9 10

B3 #SAZHHFFE hcp £ F R R & BRhHE MR AL IE
Figure 3 \Verification of hcp gene deletion by PCR of
genomic DNA

W 2. 3. 48RS pMo130-TelR-(hep up-down) & K FT 4
DH5a; 5. 6. 7 BAHCHHIEARZFFE ATCC 17878 HFAEHK;
8. 9. 10 MHCHHISARZNFFE ATCC 17978 HFAEHRALDA kR
5 2, 2. 5. 8 FL.3IWN Hep Up (Not1) F FI Hcp Down
(BamH I) REI¥XF; 3. 6. 9 L5144 Hep jdF/Hep jdR 514
Xt 4. 7. 10 L5144 pMo130-Tel F/pMo130-Tel R 5 |44}

Note: The templates of 2, 3, 4 are pM0130-TelR-(hcp up-down); 5,
6, 7 are A. baumannii ATCC 17978 wild type; 8, 9, 10 are the No.5
of A. baumannii ATCC 17978 gene knock out mutants. The primers
of 2, 5, 8 are Hcp Up (Not I ) F and Hep Down (BamH 1) R; 3, 6,
9 are Hcp jdF and Hcp jdR; 4, 7, 10 are pMol130-Tel F and
pMo130-Tel R

AR B 307 bp, T 2H B A S BE R bRk T
PCR j7#p4&if7; 4. 7. 10 JKiES 9125 pMo130-Tel
F/pMo130-Tel R 5|¥xf, WA s A ORI B A R TG
A, U N 2 A ) B0 2 AN B AT T B A
AR LY 1216 bp, 5 B SCIGZE R AT 15 H
SOREIFFIE ATCC 17978 FFEY 19 5B 74 hep &
ok H I E 2 oo e 2 T B
2.4 hep REFRAEE S RS EE K& N

TS hep 1A% J5 X A baumannii 4= K 5%
Wi, 3 SIS 6 2 AN Sl FF I ATCC 17978 Fl Ahcp
7E LB H e ik o He BB R AR TR AN, OF
P 1 h I %E ODegoo SEEGZE R KB, Ahcp Ffifl S
ANEFFE ATCC 17978 7E LB #5583 i A K HEAC
—E (K 4), B hep BB A A, baumannii
£ LB AR,
25 hep BB ESAHHEAEZFEEN
Al

T6SS (—A~EE I REREREN T AR 2 (] Y
Tedro N THRSE hep 5 A, baumannii 7E4H TR 52 4+

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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BRI, W5 TS RS E ATCC 17978
1 Ahcp %t DH5a/pK18mob FYA5fE ST, 43 HIAG I
fif] = A BhAF B ATCC 17978, Ahcp Fiix} fE2H PBS %t
DH5a/pK18mob ARGER . 455 5 s . HF
He RIS NS ATCC 17978 A1 G 43 0 K
FRR R 800, Ahcp 5 87 A= BLH S RT3 ATCC
17978 FH LA RE ST W o5, (H 5%t I PBS A
AR A5t . DA SEB st R, hep
B0 SN T A AN R 5 4 BE

0.8

- WT

I

I S N N S G|
4 5 6 7 8 9 10 11 12 13
)

Bl 4 2RI E ATCC 17978 FEMKS hep Brk#k
K%

Figure 4 Growth curve of A. baumannii ATCC 17978
WT and Ahcp

2.0x107 - skoksk

1.5x107

1.0x107

CFU of Km plate

0.5x107

WT Ahcp

5 #12Rzh#FE ATCC 17978 B4 #k5 17978 hep
REMKHABTZTEER
Figure 5 Bacterial competition of A. baumannii ATCC

17978 WT and 17978 Ahcp
Note: ***: P<0.001

2.6 hcp B S AATE MR D RY
A

DIAEWFSE /R T6SS REMSIE M 240 A 1) LI FKHT
REJ1o S THFSE hep B A5 M MV HRBTRE S,
X S R FFF A ATCC 17978 FI Ahep 76 1E 7 A LI
TG RE AT TR, 45 EoR: Ahcp S5HBF
A T B AN BT ATCC 17978 AH H M i HEHTRE /1
ok, B AR ARORN B R BRAE LV T A7 R A TR
BEZEFE 6), X—KIILR hep ATRETEE R
BT B A IS Bk R —E MR .
3 WikE4®

i) & AN BT TR R B2 e H D BMIL 23 SO T
i 24 [ B L 22 B T A Bk I . R -E R A
A EE AR N AT 43 15 31 22 F I 24 1) ) 2R B A
T B 5 B M S 24 ) 1) 6 2 AN B A I (CRABA) 471
A T A 2l U0 B e A= R A & T i AR
S WS ORSIATRTR 25HLRI R 2, S R
HAZMW 25000, G428 B- N IR |
21 P AT AN AN HERE R ik 2 et
B IR LA 2R H F e R e ] B
It A 22 TR 245 B 488 78 S0 ML S i 24 KA 22
Ko, MRS - FEEAHRT

0.8
l % |

» 0.6} § !
e
& [
ju o
Z 04
Gy
[=]
-
O 02F

0,0 L —

WT Ahep

6 ERESARFFE ATCC 17978 BF4EH#kS 17978 hep
RARIMBHRIE R
Figure 6 Serum resistance of A. baumannii ATCC 17978

WT and 17978 Ahcp
Note: **: P<0.01
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B, (AT RahFF i r 2 Emm 2k n 8, feik
TIRER BRI, RS AR ANTE T, Xt £
L 247 TR R A4 R i ok R A 5 DR e e DT
TR )34 2 H AR 2205 T s A9 [R) 3
LA, FETF A-Red HHH AR 1)k B L9007
S Y b 60 S ST B A R R Bk 2 Sl
AARTOT S5 o 7 0 S0 2 1) o 5 A
SNSRI, LIS e [R5 4 RN SR FL I RICR
SR IEKE NI DNA 2ot o 2R L 1Y) 7 U A B2 AN 3
PR IR 4 o A 2 A, SR % d 4l
TR R T 2 RO AOBTAE KA T
(4, [l s F 2 L2 AL B AR AR IR 20 2 ik P 2R AR
i, SXEEBEAS 13X oy 1 78 i 24 T AR R 1 Hh 1 iz
FH. Ak, Red ZR G0k wb 20 M2 B Hh i1 B B 2H i
BEA, ARG SIA S — Rk FLP H41H
(R AR, 12 2 A A 200 PR 3 Bk DA T e 28 7™ A T
GARRNA, iz, XA A-Red TR
—ANFERT AR, IF H5 Z 25T 25 AR A A2 o
1Ak, Oh 2SI Sy 7 — bl /] 2R 0 0505
Wil EE PCR Y%A HAYMAE L T B
FeBi e Z PSR A R B, SR 5 ad A s 5 H AR
JRORLEA T 4 K T AL A A TR T A2 AN SR
VAT B2, DI ARAS SR AR A, e IR G 2
PCR ¥ - A ity 5 ORI HZ , A2 sw B A5
AR, A (8 o ELIE 32 %o SR AR R A i 24158
BT hAEERRC, RIS T 2 HEif 25 ik
Wang 2% CRISPR-Cas9/RecAb Z %k}
22 T it 25 0 2 AN BhAT TR A 6 R LA 7 i, IRAF 9T
T OxyR M AL AR AL, I A CRISPR-Cas9/
RecAb FGext T4k il S R Sk 3BT 3697 107 551,
WASEHHEIER . ABFRFH pMo130-TelR H A&
JRE A IV R A B A e e 10% E R R g A
Wl RS, T T AR Gy b AR B AE R Y
BRG, RCIIREE T hop JEPR GBS FME . X Fh ik
X F- 22 B 24 T A A 3 (R 2 A D K S REAIF 9 ELAT
FERE S A BRI R T B R A R

(1) @A PCR ZKEL 1 kb [RUE - BEis ahZioxt 7= 4 1)
JE [ — 1 B 8 BE A RRHE T T —25 (2) W
TEBRAP MR ) 30 pg/mL R B (3) 10% REMRE i ik
FE R AR A AR S5 (R R A B, 7 2 AR A ]
BAT I R R

B2 PGB B T LA I T6SS A5 H A A i =
S YNBETa 4, DT B G- bk 1y J& B A BR S . A3 9%
B, HA hep 2B M43 16 1A fifd & AN S AT B8 AT LA
FH T6SS MEATAN PS84, 1T 5 S R AT 121 2 LA
T6SS M7= N THREME RS FF1E ATCC 17978
hep 2 5 AR e 4rie /1, FRATTHE RN TR 52 5+ 7
P, HITHIS RS E ATCC 17978 Al Ahcp X
DH5a/pK18mob R GVER . 455 R, B A AL
2RI HE ATCC 17978 4% 5 BIAT I KA AT

WBEW D, Ahcp 5 WA AU S RN ST ATCC
17978 M L AL RE S vsiss , (2 5 %F B4 PBS AH EbATS

A ARE ST . U ESCIREE IR, hep 52
BORENFF I ATCC 17978 HU4H I 34+ BE 11 .

I35 FMASTEATLAA I B Jist o7 v R 4 T A
o *MARGERBOG 5, T 76820 A 2% 1A T2 L
SR, NI M 40 7 A, X R AMAA S S 4
I 5 A LA R I A SRR g 1 2 B A AL A bt
b, LT VR FE 2 5 20 T R AR R 4 A, T AR
HELFWE AN L A ARV E FE o SR, o IR B e K I
1 AR R AL T SR AL R ek A ik A AR
ity o P AMAN T 1R KRB R R 28
2 PGB B ORI — A T2 eE R ARBFTEI
SRS A BT E ATCC 17978 X ALK I
5 hep MG, XS A IFE T T6SS 7EfE i 1228 M
I B VS ZEAE T, 3R U S R S B Y
KRR TR F o B HEHT B 1 & BT 1 A2l
W IT & B EEE L,

i b rik, ABEG A AEBUAE R BT
B T WS AN SFF I hop JEIA, %L R B i
FRME T YA R RS, FTLUH T 2 E 2 e
PRI R B, R b %o it 25 B A AR S 58 B HLAT
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