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Abstract: [Background] Owing to the key roles of Zn®" in cell detoxification and physiological

processes, Zn>" transporters have attracted increasing attention. In Escherichia coli, zntA and zitB are
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two key genes responsible for Zn*" efflux. [Objective] This study aims to construct a Zn®>" sensitive
mutant of E. coli and verify its function. [Methods] Using E. col/i DH5a as the original strain, we
knocked out zntA via a A Red recombination system by using the homologous recombinant fragment
carrying a kanamycin resistance gene. On the basis of the single-gene knockout mutant, zitB was further
knocked out via the homologous recombinant fragment carrying a gentamicin resistance gene. In this
way, a mutant with the knockout of both znt4 and zitB was obtained and designated as KZABO04. The
functional complementation experiment was conducted to test the sensitivity of the mutants and the
original strain (negative control) under different Zn®* concentrations. [Results] KZAB04 exhibited
higher Zn*" sensitivity than the original strain. [Conclusion] A Zn** sensitive mutant of E. coli was

successfully constructed. The construction of this mutant is the prerequisite for the functional study of

zntA and zitB and lays a foundation for the functional identification of other Zn>" transporter genes.

Keywords: gene knockout; A Red recombination; Zn** transporter; zntA; zitB

Bl 2 A A Y R SE B e, hRESE
EEESN M S 24 PN P SN )iiPN 7
FF P ) Rl BB PR AR EA T D RE AN SE G, B IA
R 43 AT 3 DR oy R B B LA R kYL A
20 fHhad 80 AL MR B AR A W F K KL Sz
LK, E4CLHBTFZIMERRHARDT,
Hh Red B MPRHEAR S, XmHA
FEFIFH L WER AR 3 41 1§ Bet. Exo
Ml Gam, HH Bet fil Exo RESEEZETE DNA
e R AR X & AR B B, W Gam n] LI
il RecBCD #RAMIIMGAY TG, Red 2 @Bk
R ROF AL G (7] J5 5 4 5 vk A R0OR
P A Red EALFG Y FIA T BB TR, 40
o T BB S T B B pK D46 ik SR
AR B AR PR R L K T e B b T AR DA R P At
THMFE.

' B 52 YR, AEE . AT .
e R EATEAESESEN, Zn”
FEIRIT LE SRS | R E . EUR I s
SR B B RO, [RIEE B B
PR ERPERT, 4y Zn® FaAS Sl 2 5
T REZ BN 51 & ARG AE BRGS0 Zn®"
PBE AT AR Zn* RS B E AR

o XF Zn®"638 8 A HEF TUR AW ST AT A D8
T IE I B BERF S A AT I 48 BT ) Mg RSB
ZntA J& T P -type ATPase Kk, | 1IZAF1E
TAYEN . ZitB J& T FHE e 9 Bk
(cation diffusion facilitators, CDF), %K ik iz
5 P A DA OGO A 2 e ok
R A REEMERP. zntd M ziBPVERER
JAFF R R R BT Zo® SNSRI, f S iRy
ML Zn* Fa 745, CzeD MU AY CDF R
BEM, ZEACSEEEHA Z> SR,
AR A A Red A RGEMFR E. coli DH5a
W zntd M zitB FEN, FFEHL CzeD EEEAE N
PEXS RS T D REELAD S B0 5 A0 5 DR At B3R T Ak
Jo it B RRTEAS ] Zn™ e B ARG 97 3% i A=
KDL, DA Zn™ SURSS SRR EE LY, %
Zn” TR AR RAT B T )5 S5t zned (zieB A
Zn® G52 TR (L TR (Y T g B LR HEA TRIESY

1 #RE5xF*

1.1 ##y
1.1.1 E#. FRAFELEAE PCR 314

SO T R R AR R AN 1 s, BT
A PCR 5I¥)HEILE 2,
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Table 1  Strains and plasmids used in this study

i H P F I35 AL R AIE e
Item Name Phenotypic and genetic characteristics Sources
T *R E. coli DH5a recA gyrA (Nal), A(lacIZYA-argF) TaKaRa Biotechnology (Dalian)
Strains (p80dlacZAM15), pir RK6 Limited Company, China
E. coli KZAO7 E. coli DH50 (AzntA::Km"®) This study
E. coli KZA18 E. coli DH50 (Azntd::Km®), pKD46 This study
E. coli KZABO4 E. coli DH50 (AzntA::Km®, AzitB::Gm™) This study
kL pKD46 oriR101, repA101ts, ParaB-gam-bet-exo, Amp®  Donated by Dr. W. Todd Lowther
Plasmids
pBBRIMCS-2 Cloning vector, carrying Km”™ gene Donated by Prof. Jose Enrique
Ruiz-Sainz
pBBRIMCS-5 Cloning vector, carrying Gm" gene Donated by Prof. Jose Enrique
Ruiz-Sainz
pTrc-HisB tre promoter, 6xHis-tag, lacl®, Amp® Thermo Fisher Scientific Inc, China
pEASY-T3 Easy tag cloning vector, Amp® TransGen Biotech
pTrc-HisB-CzeD pTrc-HisB plasmid fused with czeD This laboratory
%2 PCR35IY
Table 2 Primers for PCR
EIk/ B BIEZ 2] AR
Primer name Primer sequence (5'—3") Template
P1-FRT-MCS2 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAAAGGAACTT pBBRIMCS-2
CGGGAAACCTGTCGTG

P2-FRT-MCS2 CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTAT pBBRIMCS-2
AGGAACTTCACCTTCGGGAGCGCCTGAAG

P1-FRT-MCS5 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTT pBBRIMCS-5
CTGGACGCACACCGTGGAAAC

P2-FRT-MCSS5 CATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTAT pBBRIMCS-5

AGGAACTTCCGGCGTTGTGACAATTTACC
zntA36nt+P1F ATGTCGACTCCTGACAATCACGGCAAGAAAGCCCCTTGTGTAGGCTGGAGCTG T3-Km®

CTTC
zntA36nt+P2R TTATCTCCTGCGCAACAATCTTAACGCATTCGCTGTCATATGAATATCCTCCTTA  T3-Km®
zitB36nt+P1F ATGGCGCACTCACACTCACACACGTCCTCACACCTGTGTGTAGGCTGGAGCTG T3-Gm®
CTTC
zitB36nt+P2R TTAATGGTGATGATGTGAATGGCCAGACACCCCTTCCATATGAATATCCTCCTTA T3-Gm®
zntA verification F TACTGGCGATTATCTGGACG E. coli genome
zntA verification R CTAGTTTGCTTACGGACTCACA E. coli genome
zitB verification F  TTCGGATGGTTCTTCAATG E. coli genome
zitB verification R  GACGCTTTCCCGTTCTGG E. coli genome

T PORERRTERE PLAN P2 SIWF A5 T RIKARE R FRT 751

Note: The wavy line indicates the P1 and P2 primer sequences; The underline indicates the FRT sequence.
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1.1.2 FERFIFLEE

FastPfu DNA Polymerase. dNTPs, DMT
fiF pEASY-T3 sufeidfl G, dtmeXe4y
AR AR A F P EAA-B-D-F IR
(IPTG). 5-JR-4-5-3-M[Wk-B-D-2f ZLBE T (X-gal)
H1 TBE HLIKZZ v, FE BRI /RBHE A #] s DNA
B IO R &, A A R A R A
Marker IV Fl1 RNaseA #Z % IR, RAR A LR
HAERAF,; FIRER. KK&ER. ATHS
R Qs e, JbatiE AR AR A R A
Fl; 0.1 mol/L CaCly. & 15%H ¥ CaCly i
Ml ZnCly, KFHRHER 2= R AR T4
DNA Ligase, FAEYTREOGE)ARAR]; L-F
AR, AL R ERHCA R A A .

BEIE US4, Bio-Rad 23] ; K s fa i oL Tk
1, LR — WP R AR SEAh-A] WLy
HOCEETE, KA g s A FRA ] 5 PCRAY,
ARTEN | IR A B S 0L,
FER I RBHL A w) s m R K, BigRL
EITaRb) o
1.1.3 EHE

LB AR F7 3 [ RE R 5.0 g,NaCl110.0 g,
JRE M 10.0 g, MKEZAZ 1 L, 103.4 kPa
15 R ZE VK T 20 mins

LB “F-H 377 2 BBy 5.0 g, NaCl110.0 g,
R IR 10.0 g, BlE 15.0g, IIKERAZR 1L,
103.4 kPa 5 2873 K I# 20 min,

LBK AR 7R3 fEhERY 5.0 g, KC16.48 g,
JRE MR 10.0 g, MKEFAZ 1 L, 103.4 kPa
1R FEZE YR K A 20 mins

LBK P 3% 57 2 - [ B4 5.0 g, KC1 6.48 g,
JEEE 15 10.0 g, Bil§ 15.0 g, IKERZE 1L,
103.4 kPa =1 JEZ5 75 K IH 20 min, ARAEFE KN
AN FEHLAE R BAN [V FE ZnCl,.

1.2 Fi&
1.2.1 HEEERBEARENEE

pBBRIMCS-2 #& it = F 25 &K $i 1
(kanamycin resistant gene , Km") . LL i KL
pBBRIMCS-2 Nk, ffi[f] P1-FRT-MCS2 #I
P2-FRT-MCS2 547, i PCR Xt AL A
HEATY . PCR W A54F: 94 °C 5 min; 94 °C
30s, 55°C30s, 72 °C 1 min, 30 G ; 72 °C
10 min, PCR IV FR: ik 0.5 pg, . FliF
52 E 0.2 umol/L, FastPfu DNA Polymerase
2.5 U, dNTPs Z9K & 250 umol/L, 10xFastPfu
buffer 5 uL, ddH,O % EAFIZE 50 uL., PCR j*
W T ImeA B, EEBFF 15 min 3 37 °C
JEE 10 min, BPADEE E 036 % 2 31 v B 2k A
pEASY-T3 |-, id 4 W U502k 1 PR e pe, 15
F W s FRT F@E 519608 P1. P2 MdL
P I R FORE T3-Km®, Byt i W68 e A Sk 3600 S
T3-Km" K/IN o 55 Je 4 /NG UE LE 3 14 BH 1 e e
JEkr T3-Km® JEA 7007, 0P 1 4 J5 98 R R A7
PL4S S 2efdi F . pBBRIMCS-5 32 K& 41
PEJE[H (gentamycin resistant gene, Gm®), i
WAL )5 ¥, LA pBBRIMCS-5 AR, LU
P1-FRT-MCS5 #l P2-FRT-MCS5 M54,
PP 5 FRT AUE A5 07 5 P1, P2 1Y)
PUPEFE R BB T3-Gm® . i —25 UKL T3-Km®
FFRL T3-Gm® AR i PCR 7EHi 3
Uity 43l 4% IR zned [R)IRVE AL A zieB ] UR
B MR P SRR A R B TR S Ak .
1.2.2 BEUBRZEMMEE &

PL#EF pKD46 FURLAY E. coli DHSo R 3 [
R R AR, S AT RS Ak o FE & 50 pg/mL
Amp ] LB 5723 250 DH50/pKD46 B ,
30 °C. 160 r/min ¥5 3Rt . BRNE AL G 7R I%
1%FE a2 A 3] 200 mL % 50 pg/mL Amp
LB ¥4, 30 °C [HIRFEIK 160 r/min K57
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2 h, 24 ODgoo M 0.2 B IAZHRE A 100 mmol/L
H i KR L-FTh A B . L-BaTh i g ]
%S L Red R E £ E, 30 °C fHEMEK
LRGSR R ODgop 24 0.8, fF1EEEFR . UKIA
20 min, 5 000xg B5.0» 10 min, 3% FiF. A
20 mL T8 1 2% B K BB T R TR AR B 0 5 3
W, FAA 20 mL A9 0.1 mol/L CaCl,
TR EBERER, B0 AR RS, HE 2 K.
100 mL JR il & sz SR E AT 2 mL
47 0.1 mol/L CaCl, Hl 15% H i A T4 AW P
BAPAE L RN R s Y, EREE N
FAE H B 2 75 AN A A AR TR ER B
1.2.3 M E A B 10 R B E AR T
TEBTH A 9 100 pL B2 840 A 4 pL
52 1T it A F 1 TR 05 B 2E R de e B, BRI ST
BB AR BOR A ETAR 0.1 cm HE
o WEBEHBEIEN 2 500 V, ) ®
TCRHERR, M R W AR IR A W IR B
A 700 pL &3R4, 37 °C MHIEFEIR 160 t/min
RpEigR 1 he BHE¥ AWK 1.5 mL &
O NCE 22 °C #E IR 50 v/min BT 12 h A4,
8 000 r/min 5.[» 5 min WA A R AR 46
WATES A 25 pg/mL Kan B LB SR 5 I,
37 °C $55% 24 ho FRHUER TV 70 B 7E & 25 pg/mL
Kan FlI ¥ 25 pg/mL Kan, 50 pg/mL Amp /) LB
AR IR 3L A TRIZR, 30 °C B55% 24 h J5 %K
ARG . IR TE A 50 pg/mL Amp P
AR R T2 R e R
AT WO AR, LU pKD46 BURLAY B
R AR A 1 R DA, - 0 3 B ] B A
RHRER R PR AR X 2 FppiE R, whlPiE R
PR VAR FEEAN AT 0 8, 7 126 B 20 T T P Al s o
S HUAE R R E 7300 12.5 pg/mL Kan il
12.5 pg/mL Gen,

1.2.4 ERERRRKEIES pKD46 FfiliH &

FH TG B Sk PR U 2 1 A ) B TR 7 B
76 10 pL JCEEKH, B 0.5-1.0 pL 2 ERAE
S35 UE 2 PCR BAR, fif SRS [ 9 i 7
PR PCR, 77 40 ¥ 1E 5 I 5 T B pKD46 Bk
- P L 17 32 DR BB TR AR B AR 42 °C HRIR
160 r/min 53R, HkE 10° 5545 LB
AR, LB PRASAIUER, 30 °C fHEE;
FRIS R o FRECT-H i R /INE P T v, HERD
F 5 mL AT APAEZRN LB BIKIE SR,
30 °C. 160 r/min ¥55% 24 h G IR E . A
IIE pKD46 kL 98 58 4 TH B, R8T 47 °F- 4
SEIG NS 2 I 100 pL ERIS A 1E &
50 pg/mL Amp 9 LB [EAEEFREE b, [FEFE
50 uL B IEFIES 50 ug/mL Amp [ LB A
B gRFErf, 30 °C 5535 24 h, HRRA A KNI 3%
B SR B T B L T AR R A R R pKDA46
Jo A 0 R P R A A T T B
1.2.5 Zn*'THEEE#PSLIS

Be il & A AR ZnCly Ve BE 1) [ AF-A 15 5%
Je, WRBESNEE N 0, 0.10, 0.25, 0.50, 0.75
1 1.00 mmol/L, #iFFEHFAIMAAEMPTAR
HREIE 2 ODeoo A 1.0 BRI LL 10 5 H R
BE 107, 1077, 107, 107 A1 107, Uas#hik
VE R BT BE, [RIE 2 B CDF K% H 2 AT L
HMHE Zn* B T CzeD M PHEXT IR . 4 HE v
JE 5 2 AR (A G P DA B A AR i, BT T
WARFUN 2 plo AR & F 37 °C [EiEKE 7
FEh RS 24 he

2 BEREAW

21 mMEEREARROEE

R E. coli DHSa [ zntA Fl zitB FEH
B Jcil PCR HOR SR IEN , PRI A R
AR Z YU IL ) PCR = A 45 IR K 8 241
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PEREIA PCR W), SR #4547 PL. P2 Fll FRT
7 %) PCR Wi 2 38 se B 44K pEASY-T3 I,
FNEREA A T3-Km" M T3-Gm"™, W& 1 FiR,
P1 Fl P2 & —Xd# 508, ZE 5 A0
AV EZ UM IE A R B FRT A8
Al RA Bk FLP A BN, 78 FLP AN T T
2 /> FRT i s Z [ RE a8 & AR MBR . BI6L . S fi
HAFEEA N . e 2 0w Y) 50 IE E A 5
D P I BH A8 5 SR S R ) R A B T, PR AT
AT IRZL 5%,

PCR amplification of kanamycin resistance gene flanked 36-nt upstream
and downstream sequences of zntA gene

P1-FRT-Km®-FRT-P2,

/ P1 -FRT-KmR_FRT-PZ\

!

zntA36nt+P1F zntA36nt+P2R
Electroporation into E. coli DH5a. expressing
% Red recombinase
zntA36nt-P1-FRT-Km®-FRT-P2-zntA36nt

b — A H) PR I R AR BE, LA T3-Km®
AR, At PCR K B Y 5 DR [R5 R 14 B e Bt
PEILDR 55 . VEHL zned K&K F9) Wi 36 bp 1
FEANVE R R, S zned JER kA [R5 o
ZH A HPE R R - BE zntA36nt-P1-FRT-Km"®-FRT-
P2-zntA36nt, i T4k, #E— 2R
M A Red RGN FIFERI L MBR zntd FE
(1) HIRIRER g 8 Y zieB 55 R R AR [R) R
&4 B BT 2 N A BE zitB36nt-P1-FRT-Gm"-
FRT-P2-zitB36nt.

PCR amplification of gentamicin resistance gene flanked 36-nt upstream
and downstream sequences of zitB gene

P1-FRT-Gm"*-FRT-P2
/ P1-FRT-Gm®-FRT-P2
—
zitB36nt+P1F
Electroporation into E. coli DH5a expressing

) Red recombinase
zitB36nt-P1-FRT-GmR®-FRT-P2-zitB36nt

<1
zitB36nt+P2R

PKD46

H1 H2

zitB

zntA36nt-P1-FRT-Km®-FRT-P2-zntA36nt

Genome

Selection mutants of znt4 and zitB genes have been knockout

zitB36nt-P1-FRT-Gm"*-FRT-P2-zitB36nt

H Genome }—

E1 ARed RENESWMERES
51907 &5 5 FRT l%E: FLP 520 B 540 o5
Figure 1

H1 A H2 O H AR PR IR s P1AL P2 D 9 3Tk 2 D f) e

A Red system-mediated gene recombination. H1 and H2 stand for the homology arms on both

sides of the target gene; P1 and P2 stand for the universal primer sites for the amplification of antibiotics
resistance genes; FRT stands for the recognition site of a yeast FLP recombinase.
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2.2 A BEER S

SerlE E. coli DHSa ' zntd RN, RIE
B 1 T e 25 DR ) 0 B 2 D B, S o e
AR A [ IR |l S 10 S SRR FLP
BRI S FRT WP A Bt fbifk A
E. coli DHSo, 4L PN o LA BE fURR Y Sk pKD46
BRI E S S R kR R
H, TESA 25 pg/mL Kan (19 B4 55 35 35 A i
e 19 BR AT A B AR AE Mo 8 R bk, 19 PR
R RTEA [F 259 A ) A KA W& 3, A
#7757 KZA (knockout zinc transport gene zntA)

R3 omd RRIREERERIFR

TIN5 o SR ik — 2 36 i 40 326 TR ik 35 IR 4 v 2
HOGIAT FRBEREERN B, E£5fH
25 pg/mL Kan Y [l {485 77 5L b ifE 47 B o) 2 5
ISR TR TS K3, e R EE R K K
PR UE B Bk KZAO7 . KZAO08 . KZAO09 .
KZA10, KZA1l. KZA12, KZA13, KZA15,
KZA18 Tl KZA19 #4758~ 5 5 RPPEiiL s
5. pKD46 itk A AN HFH RPN, &
PRTE & 50 pug/mL Amp By EASE R3 h AR K
WHIER] pKD46 bl AR HER, [z pKD46

Table 3 The growth of candidate strains that knockout znt4

S AR

25 pg/mL Kan i F-H 25 pg/mL Kan FARRIZE 50 pg/mL Amp “FARKIZE 5k PCR ALK R/

No.  Strain PATEVE K A PRDE TR R A LN ] Verification of the band
name Growth of single colony Growth of single colony Growth of single colony  size (bp) by PCR in the

on the screening plate streaked on the plate streaked on the plate with electrophoresis
with 25 pg/mL Kan with 25 pg/mL Kan 50 pg/mL Amp

1 KZAO01 M +++

2 KZA02 M -

3 KZA03 M -

4 KZA04 M -

5 KZAO05 L +

6 KZA06 S +

7 KZA07 L 4+ 2576

8 KZAO08 L +++ 2576

9 KZA09 L +++ + 2576

10 KZA10 L +++ + 2576

11 KZAll L +++ + 2576

12 KZA12 L +++ + 2576

13 KZA13 L +++ 2576

14 KZA14 L -

15 KZA15 L +++ - 2576

16 KZA16 L +

17 KZA17 S +

18 KZA18 L +++ +++ 2576

19 KZA19 L +++ +++ 2576

e L Ry M s S: /by =H: ORI - AER; +++ BERREL, MR RELSREE; + LR, WXL

TR 1l H T

Note: L: Large; M: Medium; S: Small; Blank: No experiment; —: No growth; +++: Good growth, streaking to form a
continuous lawn; +: The growth is very weak, and individual single colonies are formed by streaking.
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TE zntA FE R A Wi 249 400 bp Ab 511565 UE
1%, PCR 45K BN zntd FEH F B K JE N
2 960 bp, M £ & A [R5 B 41 09 TR Ak
KZA07. KZA0O8. KZA09., KZA10, KZAl1,
KZA12. KZA13. KZA15, KZA18 #l KZA19
R R PSR BE KB 2 576 bpo AR
PELL B &5 R KZA0T Fl KZA18 Witk # vEfT

iE, Btk KZA07 | pKDA46 Bk wis i,

Pk KZA18 WRB T pKD46 ki, wf fFik—

¥ zitB FE R YRR

2.3 zntA EREF zieB ERWE R 558 F
DL B zned FEHIF HAREE pKD46 ki

HIBERE E. coli KZA18 R EHHE, [FIFE

AL TR IR R RPuPE AL i By zitB36nt-

P1-FRT-Gm®-FRT-P2-zitB36nt ¥4k ik A KZA18
h SR E LR, %402 24 MRIETEAR 25

MR, 25 R B R zntd FeRE Bl . @il
TEEA 50 pg/mL Amp [ & ARRE 3756 o i v 56

4 zn
Table 4 The growth of candidate strains that knockout znt4 and zitB
F5 WHAM 30 pg/mL Kan 125 pg/mL 50 pg/mL Kan “FAR 30 pg/mL Gen % zitB JilF PCR B zntd 55 3F PCR H
No.  Strain  Gen “VFHURIZBREE K S WKL REEKS RRIAREFR KR UK KN & NN
name Growth of single colony ~ Growth of single ~ Growth of single  Verification of the Verification of the
streaked on the plate with colony streaked on colony streaked on band size of zitB  band size of znt4
30 pg/mL Kan and the plate with the plate with by PCR in the by PCR in the
25 pg/mL Gen 50 pg/mL Kan 30 pg/mL Gen electrophoresis (bp) electrophoresis (bp)

1 KZABO1 - - +++

2 KZAB02 - - +++

3 KZABO03 - - +++

4 KZAB04 ++ ++ +++ 1571 2 576
5 KZABO5 - - +++

6 KZAB06 — - +++

7 KZAB07 - - +++

8 KZABO8 — - +++

9 KZAB09 - - +++

10 KZABI0 - - +++

11 KZABI1 - - +++

12 KZAB12 ++ +++ +++

13 KZABI13 - - +++

14 KZAB14 - - +++

15 KZABI15 +++ +++ +++

16 KZAB16 - - +++

17 KZAB17 +++ ++ + 1571 2576
18 KZAB18 ++ ++ ++

19 KZAB19 +++ +++ ++

20 KZAB20 +++ +++ ++ 1571 2576
21 KZAB21 +++ + e

22 KZAB22 +++ +++ +++

23 KZAB23 +++ +++ ++

24 KZAB24 - ++ -

F: BH: RTER; - AR - ARKRE, MARRGELEE; ++: ERES, AW RELRERRE; +:
RS, RIZRIE B 51 R 7

Note: Blank: No experiment; —: No growth; +++: Good growth, streaking to form a continuous lawn; ++: Weak growth, streaking to
form a continuous dense single colony; +: The growth is very weak, and individual single colonies are formed by streaking.
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i B AERELGEITER, a4 A KZAB
(knock out zinc transport gene zntA and zitB)fIll | ¥
5, Hrh R DURI BT 32 R R FR KB R 1
PR AT RE © 28 & AR R U EEAH L ok B BR
KZABO04 . KZAB17 F1 KZAB20 #f— 4 #E47 PCR
BSE . TE zitB JEPH 9 o i) 5 R 4124 260 bp 4k
BETIRAES Y. WK 2 FiR, zntd KuEs | %t
N PCR F=H K/ K 2 576 bp, zitB Kb 514
X ) PCR F=H) K /A 1571 bp, X PCR 724
PEATIN P B0 0E, 2538 BIR zitB Fl zntA FER B 9k
LN 1 R CE =W Sy = ) iR o T A

bp M 1 2
]

2 KEAFE(E. coli) AzntA F0 AzitB B AR &
Bk PCRIEIE M. Marker IV; 1-4: zntd Ft
R A R IE PCR 7745 1: KZABO4; 2: KZABL17;
3. KZAB20; 4: E.coli DH5a, 5-8: zitB JE:[H
FRI0E PCR 77#); 5. KZAB04; 6: KZAB17; 7:
KZAB20; 8: E. coli DH5a

Figure 2 Verification of the gene mutants of E. coli
(AzntA, AzitB) by PCR. M: Marker IV; 1—4: The
PCR products of znt4 gene knockout verification; 1:
KZABO04; 2: KZAB17; 3: KZAB20; 4. E. coli
DH5a. 5-8: The PCR products of zitB gene
knockout verification; 5: KZABO04; 6: KZAB17; 7:
KZAB20; 8: E. coli DH5a.

FERTE R KZABO4 e AR, F£B] pKD46
FRL Bk e AR, AT TS
2.4 HEMBE Zn" e B ML

“hy B E DAL B TR R T A I, SR
R R SR Y = M g ivalll B iK1 F R = D)
PR MR AR R Zn® BT 3218 Bl o K2 A v
B8 pTrc-HisB FIBHYEXTEE pTre-CzeD 43 5564k
PEA R ERE E. coli DHS5a . HE [H Bl B3 T8 #k
KZAO07 Fl KZABO4 . J&Ab TR R FR1d #,
24 ODgoo N 1.0 B 1RGSR T P d s g . & 3
GER IR, BEE Zo WRIE R E (107°-10%),
KR E. coli DH50 (A LT A =2 1l
M B PR R KZA07 il KZABO4 4K 43
52 B[R] A B 4], ot KZABO4 5115 2%
1E Zn* ¥R 0.25 mmol/L. WRAEECH 107
BF KZABO04 KO 5 apiiifil; 525 X ig
KZA07/pTrc F1 KZABO4/pTrc AH L, BHA: X} HE
KZA07/pTrc-CzeD 5 KZABO04/pTrc-CzeD K #H
R TAEAME, HEBIRE Zn* BUKRAS
FRANHE Zo® B9 IhfE . LA b 2% 5 3 I 0 DX e e
¥k KZA07 Fll KZABO4 Xf Zn® B finffak, zn*
U IR AR A A

3 winEE#

FE PR PR — AP E A AR EOR
WFR A I AT R AR, AT LLE
1A AR PR Bl SR 43R A S 3 [H 1 T g 200,
I SBAE 28 VT 28 SR R B, 40
CRISPR-Cas9 # R Fl Split-Marker 5 20 4% R %,
DL A WETRA Red 541 72 45k A i 25 DR e B 4%
A& W, HAOLGTET I R, HKEN
30-50 bp Ay AU 74 B AT R HAR LA, i
PCR BPAJFEHUYE i B o 5 | A R IR . A0SR
VEEL A [R5 3 S B8 4 36 nt, AT SEBEXS H bRt
IR, T HARKEE S, w8 T ARRERER
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0 mmol/L ZnCl,

DH5a

DH50/pTre
DH5a/pTre-CzeD
KZA07
KZA07/pTrc
KZA07/pTre-CzeD
KZABO4
KZAB04/pTrc

KZABO04/pTrc-CzeD

DHS5a

DH35a/pTre
DHS5a/pTre-CzeD
KZA07
KZA07/pTre
KZA07/pTre-CzeD
KZAB04
KZABO4/pTrc

KZABO04/pTrc-CzeD

3 ERARMRERIIEELN KR

A A T B B A vy 10, 1071, 1072, 1077,

0.10 mmol/L ZnCl, 0.25 mmol/L ZnCl,

104 #0107

Figure 3 Functional complementarity tests of gene knockout mutants. From left to right, the dilution factor

of the culture is 10°, 107", 1072, 107, 107, and 10~°

o A5 58 Y BE DR B B R A AR W) A 5 1Y
RecA U FR 4, EAMCKMY, {H Red B4R
G HA B E AR,

KIGAFBEVE AR, 8 o A 1R i
b th Bk, T E. coli DHSo A= P
Ho TRAFORL, AWFFEERE. coli DH50 1
M REE. TEXT L Red REMNEHMITIHES

IR, T L-FHAARHE i . E. coli

DHS5 0. AN 2 B S A1 TR il e 7 B AR, DR b 7 22 4

in turns.

i L-Bar R i i o B 2715 5 . 2 L-Balho bl
WS E ] 100 mmol/L B, 7] 5 8 20 &% %
BERS, BE 7L, 7E Zn” UfE

SIS, R R R T R TR R R AR R
2o SRR B, 1T HLPH XS IR CzeD K3V
I Fas (XTI, Zn* UGS A KR ST . X
TIE B b 7 v AT DL SRR B A B 1 R TR B, o
S Al A 2 ISP T e Tl oA T AR P R R T
HEARS% WA, EHMMAEY T, Red A
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RGAE— LI 45 N RAE AT DA S B 4]
B &, ABFSEEE A Red T4 RS NI
T RKIGFFH Zn” BURR Ak KZABO4, 4 zntd
M zitB FEPR I RE I IE DL I Hoftl Zn™ %32 B
SR D BE S E 540 BT B 1 Al
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