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ihEFXE

il CRISPR/Cas ZR 4ty bR K BAH = 18R G EE X M ERER ¥4 1t
g & E AT RSB X5 A 52
EYORHERT TR AAE AL s’
(1. AR Rl 2B R AEYHORE G % B A1 832003)

(2. EZEF RS A ESESTRE LR HH 266061)
G. HFHRFAUFACTEARE =B LR FE  266071)

& Z: [849] CRISPR/Cas £ B AT A H %469 — N E 26937 203K, BB LZH R, XA
BTk, SO EARBE, FREHBRAHIED. [FF] AR A ABAEMES
CRISPR/Cas 1884 A\-Red 08469 £ %, £ PCR ¥ 3¢ &3R4y Donor, /5 H w6975 Xt
Escherichia coli MG1655 B iy BRAR 448 % 2 B #EATHe ik 4 8. R oY, KA A48 €3%-/73%5(GC-MS)
stlEMr Bt AT e A E g 0. [4R]Y KRFT XMWAFH APEPC(partial) . APEPC .
APEPC(partial)-AFadD. APEPC-AFadD VA% AFadD K ZAKE AR, &t KIRE RIS L SF 31k
FARLZ, RHAEKT 3.7%, BRIL ppc KT HEIE K EHFEAA MM G, RAE
BE BT ER 2R b, BE AR AA 11:0. 12:0. 13:0. 14:0. 15:0. 16:0. 17:1. 17:0. 18:0, FE 16:0,
17:0, 18:0 & EZ20m3 4. [448]) B FZ R AR T AR . FRUbA XA E A B #4754,
AKX E TARBARMEG - EHR, A TAEHOMERET — 2 o),

K4#i7: CRISPR/Cas, K& PCR, GC-MS, A-Red Z408&, PEPC(BEEMES X A BB AR ALER),
Jig Wy B A&
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Knocking out phosphoenolpyruvate carboxylase gene by
CRISPR/Cas and its influence on fatty acid metabolism in
Escherichia coli

XIA Jun' ZHENG Ming-Gang® WANG Ling® SUN Cheng-Jun®
ZHENG Li* ZHU Jian-Bo'"

(1. College of Life Sciences, Shihezi University, Key Laboratory of Agricultural, Shihezi, Xinjiang 832003, China)
(2. The First Institute of Oceanography, State Oceanic Administration of China, Qingdao, Shandong 266061, China)
(3. College of Chemical Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract: [Objective] To obtain recombinant strain of Escherichia coli to study fatty acid metabolism,
the newly developed CRISPR/Cas system was used to modify the genome of E. coli MG1655.
[Methods] A binary vector was constructed with CRISPR/Cas and A-Red recombinase. Donor genes
were then knockout through overlapping PCR. The recombinant vector plasmid was subsequently
electro-transformed into E. coli MG1655 to edit the gene associated with fatty acid metabolism.
Furthermore, fatty acid contents were measured quantitatively by gas chromatography-mass
spectrometry (GC-MS). [Results] Six recombinant E. coli strains were obtained, including APEPC
(partly knock-out), APEPC, APEPC(partly knock-out)-AFadD, APEPC-AFadD and AFadD. Compared
to the wild one, all reconstructed strains showed higher yields of total fatty acids with maximum
increase of 3.7%, whereas the yield of mutant strain APEPC was lower than expected. The fatty acid of
11:0, 12:0, 13:0, 14:0, 15:0, 16:0, 17:1, 17:0, 18:0 were detected in all strains, and 16:0, 17:0, 18:0
were dominant. [Conclusion] The CRISPR/Cas system with Lambda-Red recombinases was an
efficient and rapid tool to modify genes of E. coli, and opened a new way to construct recombinant E.
coli strains.

Keywords:  CRISPR/Cas, Overlapping
(Phosphoenolpyruvate carboxylase), Fatty acid

PCR, GC-MS, A-Red recombinases, PEPC

CRISPR (Clustered regularly interspaced short
palindromic repeats)/Cas G824 I —
SN A p gt AR, AR =R
. P, i 17 CRISPR/Cas REEHUTE 1 4

& A — A 3 B (NGG) 4 i 1) PAM
(Protospacer adjacent motif) X 45, 5 X I} K BR
PAM 1) 5'-¥iif o

A-Red AW Exo. Beta #1 Gam 45 3 Fi & H

Cas 9 FIE I UIE DNA XUBER) T iR 5e &
AT Bk . R AR T R 1 2 R
BEh B g RO e U S Ao

CRISPR/Cas F 4t & FEFE R G A4 A AELL TR
JU T . (1) B CRISPR $%5%3KAY trancrRNA 5
ctRNA JEil— tracrRNA-crRNA B &1k, &%
HARY Cas9 LG, JHAE orRNA 1512 TR
SERA R (2) TR H B A B P EIE B orRNA |
KR 20 bp B F7F1(Guiding sequence)5 H 1)
DNA | IFFE T 5 AT |5 Cas9 BN H 15
oIl (3) Britz b, ZEArRmIR H Y DNA F

TR, 3 H exo. bet, gam 55 3 PNIER G,
X 3 FPEE X T dsDNA RYEARMLTF . B,
Gam & i3 KB RecBCD F1 SbeCD #% 2 it
P 2R dsSDNA HIFEA%, SRS Exo M 5'0m%] 3"
B 7 el FEf# dsDNA, 724 3K XNUE DNA,
% Beta 75 45 G1E T Exo FoA2 Ry 3/ i3k, B 1k
HME DNA 7 Berlfd, [RRs A R4 B
AR K FE A

KIGHFF AR — R AR, RO 5
fAI 8, ZBHh TR, TEREIN oo LA S RSB AR T 7%
B O RIF ST PP AR RIAR G ) ppe ZER R S A
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J A AR OGS IR, At Y e s 1 X P9 Tl 2
ALBF(PEPC) AT LML N IR & B 1R, EmAE
R AR TR A AT, 1 P R A i 2 e
i A JGTECBERRG A BRAGEEVER N 2 ARRIIRR &
BEEAE, PR E P L m ey . FoATaE i &
G3 FIAERER ppe HEDH,  BHLBT DA R R Ui 1) 28 1 BT
ST, SRR L i g A i U,
Gh, TERIGFT BRI RIS fR At rh, BRIV e le
P CoA & it FadD U Z J5 FFf iF A X —ik 12,
REL DT A 117 198 AR i3 A2 A Bl R T % T M e 1
HE,

ARHF5E Sz F CRISPR/Cas ¢ A-Red H4H fify
MRS, LI—A> — 034K pTargetF/pCas R4 K ik
ppc F fadD X, FTLARASAESER 2 I Jesk 2] ) 3
N gm bk, SR GC-MS R TIiX P FE A
XTI RRACH B 20, A SCHEER ppe BERXT AR
TR 7 i ) S M) 1 IR

1 #e5Js%

11w

1.1.1 BHE#kFARREL: Escherichia coli MG1655 HJE
IR, RIAFF A DHSo hARSSR SE RAE . T
ki pTargetF Fil pCas i ER}2=BE A L=

FRGEmE  FLRI A RR ARSI EE . PRI 1,
1.1.2  XFIFALEL: 2xPrimer STAR® Max

SuperMix, FAYI(RIE)VHFR/AH]; 2xEBasyTag PCR
SuperMix, JtIRXEEYHARARAF; 4HEEE
21 DNA £ ) & A o7 &
Al AN HRRAmp). RIFE R (Kan), HEWEER
(Spec) IS A % (Ch) Al FHMR B2 43012 100, 50,
50 Fl1 25 mg/L, W HZEEAEYBHARAA]; +
JUBERR(C19:0) . 37 FiAg i & W W s 1 o 1 A
Sigma-aldrich A F]; 5I¥H _FEREAEYRHIA R
WEE . FEHF AL (GenePulser Xcell), SEE1H
SRABRAT; BT K- (FA2104N), i

Omega v

x1 EHRRRK
Table 1 Strains and plasmids

IR B AL AT He
Strains or plasmids Characteristics Source
Strains
E. coli DH5a F-endAl gInV44 thi-1 recAl relAl Trans Gen
gyrA96deoRnupGd80dlacZAM15A(lacZYA-argF)U169 hsdR17 (rK” mK™) A~
E. coli MG1655 K-12; F A rph-1
1655 AFadD MG1655 4 fadD This study
1655 A PEPC* MG1655 Appc® i siviy
5 B This study
1655 APEPC MG1655 Appc This study
1655 APEPC": A FadD MG1655 Appc” AfadD This study
1655 APEPC ": A FadD MG1655 Appc’ AfadD Donor
Plasmids repA101(Ts) kan Pcas-cas9 ParaB-Red laclq Ptrc-sgRNA-pMB anor
This study
pCas pMBI1 aadA sgRNA Tty
pTargetF pMBI1 aadA sgRNA-fadD This study

pTargetF-FadD
pTargetF-PEPC*
pTargetF-PEPC

T * BER ppe FERBITRAY HBE; ° B ppe R

Note: * Knock-out partial of ppc gene; *: Knock-out complete ppc gene.

pMBI1 aadA sgRNA-ppc’
pMBI aadA ngNA-ppcb
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R R R A A RN R W5, Tecan 247,
113 SEFE. KRR LB 1

F:(37 °C B 30 °C).
1.2 FRAEERETE

R T AR A SRR H 0 R B 20 bp i
HAME sgRNA, 051 P1/P2 il P3/P4 A5 |HI%},
PLURL pTargetF SRR 14 th v] LIRS fadD 1 ppe
& K/ pTargetF, 43 5l iy 44 4 sgRNA-fadD Fl
sgRNA-ppc, SRIFHY 1) PCR P=Wik4b & E. coli
DH5a, 43 3 F 514 P13/P14 1 P15/P16 31T PCR
YE, B S E GE Y PE M S BE A B A 4 ol
pTargetF-sgRNA-fadD F1 pTargetF-sgRNA-ppc. LA
E. coli MG1655 St kL, FIZH T 3L F 20 DNA $2HGRK
R MG1655 JEH4L, 4r5ILA519 P5/P6 FI

P7/P8.P9/P10 Fll P11/P12 ¥ ¥4 H TR E 2114 fadD
1 ppe FERP) LR UERIIEE R B fadD /T ppe
/T, #RkJ5i#id SOEing PCR ¥ fadD I/ T F1 ppc
NSV i e 7/ vy S L83 R & i B U 20 e i )
fadD R ppc [F. 510 2,
1.3 CRISPR/Cas M SR EF Bk

E. coli MG1655 HI T HE AR bR,
MRS 0L SCHik[16]. 15584 pCas #41k3] E.
coli MG1655 H1, RGP pCas 1) MG1655 1Y
FTERE, ZEMA 50 mg/L RAREEE 1Y LB KE3Rkk,
30 °C. 220 r/min §53£ 2 ODgoo K 0.2 B, [H3EHH
INALIKE A 10 mmol/L FIFIHIARHE S pCas 2%,
&I A-Red HAMKIL, RIGHEE ODgoo AN
0.4-0.5 Ff DS A 25 L R A2 28 o LR ARAS, )

Jak 22

N LR

x2 AMRHPAIBIGY
Table 2 Primers used in this study

EiL7] 5zl PN
Primers Sequence (5'—3") Size (bp)
P1 CCCTGACCGTTATCAATCTCGTTTTAGAGCTAGAAATAGC 40
P2 GAGATTGATAACGGTCAGGGACTAGTATTATACCTAGGAC 40
P3 CAGTATGCTCGGCAAAGTGCGTTTTAGAGCTAGAAATAGC 40
P4 GCACTTTGCCGAGCATACTGACTAGTATTATACCTAGGAC 40
P5 CACGCCGCAACAAGATTTAG 20
P6 AGTGGGCGTCAAAAAAAACGGCGAAGCGCGTCACTATTTA 40
P7 TAAATAGTGACGCGCTTCGCCGTTTTTTTTGACGCCCACT 40
P8 TAACAGTTGCAGACAGGCCA 20
P9 CATCCGTATTCAGGGCCAGT 20
P10 ATTGCCAGCGCAGCAAACGAATAAATAGCAGGA 33
P11 TCGTTTGCTGCGCTGGCAATGATGCTAACC 30
P12 TCAATACGGACCAGCGGTAC 20
P13 CGACCTACACCGAACTGAGA 20
P14 GAGATTGATAACGGTCAGGG 20
P15 CGACCTACACCGAACTGAGA 20
P16 GCACTTTGCCGAGCATACTG 20
P17 TGTTACTTGGGGCGATTTTT 20
P18 CAGCGATTCCACTGCTTTTT 20
P19 AAGCGTCGTGAATTTAATGA 20
P20 GCCGAATGTAACGACAATTC 20

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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40 uL FYERSZ 4N A 80 ng B9 pTargetF KUk Al
400 ng MFIVEE DNA R B, BRIRAE, MAZ
T 1 mm BT, 78 1.8 kV B/ FIAH
A (Bio-Rad) L FE , ML 585 I INA 1 mL 1)
LB B3 5L(ZR), 30 °C., 180 r/min 1535 1 h #4746
T, R HERNEIAT 50 mg/L KAREEZE M 50 mg/L
HWEER N LB WLRIARE SR |, 30 °C Hiatit
B A7 H PCR HEATHE .
1.4 EERENEAEAAES R ES L
14.1 BESHVIREN: Phas 28 A8k B BT AL T R B
B, 137 °C 5373 ODgoo 4 1.4 Zeitv, M 200 mL
B, 8 000 r/min B> 10 min [ EA, WH L7
J&, ORI, SRS 1 TR BB P INA 4 mL
ddH,0, Wk, Bk, SREEEKIA 15 min,
3 ENe E R ETERC T I 20 mL #9505/
(2:1, TRBULL), WERdRY 3 minf5, &K, KH,
BLOJE UM G D), AAWRT, BN R,
1.4.2 FERRBRERERIL: Bk SR AR B bR L BT A A A
HLFERE , 37 °C., 180 r/min 55355 ODgoo H 1.4 1245,
50 mL BV IPIACERT AR Y R TR RAS , 45X 20 mg
THEF, A1 mL A ddH,0 ek, EIFREA,
SR B KI 15 min, FRETFR A, A 100 uL
0.5 g/L 1) C19 fi MR, 5 S VR R it BBk )
5
1.5 GC-MS o#f

HOWe b J5 s B R OF &1
7890/5975C-GC/MSD #471434T, Rl 25 4R - bk
FHEE 250 °C, REIAHIREE 280 °C, BANE CIEH:
(HP, 30 m x 0.25 mm, Film thickness of 0.25 m),
SN ES, LHE N | mL/min, FFETHES N
75 °C (2 min), ) 15 °C/min BEEFFE 250 °C, F)5
250 °C (2 min), EFUEHLEE 220 °C, EI &1 70 eV,
1.6 ELHEPRAATHER

B T iHBE pCas Fl pTargetF ok, FEHE (A
pCas Fl pTargetF)55F57E LB Kb (#Mi 50 mg/L
WRIRER, JHIMAZIRE N 0.5 mmol/L 1) IPTG

S 80A) pTargetF %) pMBI1 A sgRNA-pMBI [
FR) SR, TR IR T 50 mg/L RIREER
fR~FA LTI BR pTargetF , f3 Al L H e,
PRERVELE S 50 mg/L WA R AR LB HisaRid
W, AKENH pTargetF 1HBRAY THRERH, SRJEHREBUX
TREBETE 37 °C WIS GRS, FHUATH R pCas.
2 R
2.1 EREREERBEEER
2.1.1 FadD %0 ppc EEEE K BRI E: LI E. coli
MG1655 JE[FIZ] DNA SR, Zld 34 kb
fadD F1 ppe FER I /T RIS B, HIKS5 R T
RPN ST R B/ h—3
2.1.2 PRERTEIEE: BHHER T Bk pTargetF
Hl pCas YRR, PEHHTERE, 30 °C. 180 r/min K
7% 2 h, PR, EATIEM 1 mL 1) ddHO Y
2 K, B 20 pL EVEEER, FIHGI4 P17/P18 Fi
P19/P20 (43 5l 7E M B A A5 1) TR ) 4 B
PCR %3¢, WIZEHIERIR T fadD Fl ppe FEH, $R
JE PR TERE, 30 °C. 180 r/min ¥535id e, M
B DNA $REUR £ 53 7 % 45 28 25 k2 3 PR 4
DNA, LIEEHZ DNA itk , [FFRERIH Fdks (9
PT84, 3RAS T RBR fadD 1 ppe &SI A B
B, SERILE 1,
2.2 BREAKEFEBEEKEKER

M 2 HRTLIE N, TCiesE fadD 1 ppe FEK
3 S R ) PR A 2 PR A B PR W] B i BT bR, 7
AR S B A B RRAE H, BICR AR R AR
b, VEEHTERIGFFRIRN, AT RefrAe HAthai A2 T LA
XX PN R AR FHEEA TR TR, DATRRNH R R
AR B, JEHIE ppe JEH, IZFER LR &5
e R AT B B BT 1, AR e KT
IER AR, X— KT mEE—T .
23 HEHHBEREERESE

IR 2 AR S A TRTRR Y SR, A BB TR
MRS EPA R RRAR LY, & S R B IR 1Y 5 ik
P —E BB R, RSN T 3.7% G5 3).
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bp M - + Kan/spec transformants bp M-+ Kan/spec transformants

3097
-

1223
- - e e e e

627

-
- - =

348

E1 RTEEREE
Figure 1 Identification of mutants by PCR.
7E: M: DNA ladder marker; +: FHPETERE; —: FAPETERE. A F1 B 435 A REEE fadD 1 ppe G @ile)ZEH B9 PCR %58, MiBESICRN
100%; C: Ml ppe FEFAY PCR K58, BR A 68%+2%. Kan/spec transformants: 75554 FHREF ZALEWLER 2 WP - PRECATE
Ber BIHS 14 P17/P18., P19/P20 X H:ik4T PCR %5E.

Note: M: DNA ladder marker; +: Positive control: —: Negative control. A and B: The strains, which successfully deleted fadD and ppc (Partly
knak-out), showed 100% mutation rate respectively. C: The APEPC strain showed 68%+2% mutation rate. Kan/spec transformants:
Identified the colonies by P17 and P18, P19 and P20 on the plate, which contains Kan and Spec resistance.

14~ H32, MR ppe FERER GBS & & bR fadD 19

12F %, [RIBES A3 m bR AN 2 AR ppc JE P A TR AR FE R

10 F it & e LU A 225, vl H R A I

s 08 . T BRI EEHE A0 X, 2 FE R & 2 BB o XFF ppe

S o6l § o APEPC (partia) I fadD JER SRR AR, DEIDTER & b o R
0.4 L% —+— APEPC ppc FEF ) E 25 3.1%.

ol - évl’fPC'AFadD S T 3R T A TR T R AL A1 1 53

N fb, FIH GC-MS X4 EAkH B4 /i1 7 1 &

35 7 9111315 1%33 27 31 3546 51 56 *ﬁo }J\Fg] 3 EPE‘[U%'CH i 5%‘&&%@%%, ﬂﬁi/t\,%ppc

H fadD F[H PR IR B RRIS & ppe 1 fadD FE P[RR

B2 REHRRFERNEKEL SR BERE, BRITRR A AR A AR, ER S

Figure 2 The growth curve of MG1655 and mutants

E: APEPC (partial) & RUIR TS ppe FEA. £ 11:0, 12:0, 13:0, 14:0, 15:0. 16:0., 17:1, 17:0
Note: APEPC (partial) represent knock-out partial ppc gene. F118:0, FH 16:0. 17:1 11 18:0 S AGHIER Y £ H
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*3 BEMRDEIE

Table 3 Lipid contents in recombinant and

wild type E. coli
BITA R T Jig & &
DCW DLW Lipid content
(g/L) (mg/L) (%)

1.45+£0.09 103+4.2 7.1%+0.2%

R

Strains

E. coil MG1655

1655AFadD 1.4740.11 160£2.3  10.8%+0.3%
1655APEPC” 1.36+0.06 108+4.5 7.6%+0.1%
1655APEPC® 1.38+0.06 106+6.7 7.7%+0.2%"
1655APEPC":AFadD 1.46£0.09 153£11.0 10.5%0.2%"
1655APEPC:AFadD 1.3740.06 115£152  10.7%+0.3%

e % BB ppe SEHER N B ° BER ppe FER T XIE
TR VR & 5 5 B A A TR AR AR R 3 B AT 25 S
M 25 5 .2 (P=0.033<0.05).

Note: * Knock-out partial of ppc gene; *: Knock-out complete ppc

gene; : The fatty acid contents of recombinant strains and wild
type strain indicates significant difference (P=0.033<0.05).

AR IY o
3 i

it —ZIuE AN CRISPR/Cas REG51]
DA RO R AT B oS AR R T bR, AHAET A-Red
FHRG, KRGUHEIFFRIET L-Red TR,
I HiZ R G A7 BAE PTargetF #8044 F#E— 1515

EWT B APEPC
B AFadD B A PEPC(partial)- A FadD
B APEPC(partial) ™ 1655 APEPC- A FadD

T T T T T T T T T 1

0 - -
11:0 12:0 13:0 14:0 15:0 16:0 17:0 17:1 18:0
Fatty acid composition

3 BERABRUARLE L

Figure 3 The change of fatty acid composition

¥ : APEPC(partial J&48 HibR#8 4 ppe HEHA.

Note: APEPC(partial) represent knock-out partial ppc gene.

T HAFE NGG 371 20 ANFd B AN A SEA%
TP, SRS PCas JL[EIAFEVER, wivnT LAxt
T 2 R DR A T e, DT PR 71T e 25 b A 5
TKEIRR, T EHAT Red B4 RS AAE ML H 40
T —BAME AR E S (45 FRT i 51),
CRISPR/Cas #R4t H & T rlBR sl & 46 A B 1)
B, A HABE R ecE m A, XA
FITFRESELE B AR, AT ARG by i 52 50 25
o ZHINHBIKAFF AR CRISPR/Cas JUHRARR
Y, LR B E ok . ARG Ab
SEFI T A-Red HAIMES CRISPR/Cas R 5,
RAKPER TEAYCR, WARL & T WH L
P ARTEZ AL R I T 2 AL i R R 4 1
AFAE— 5 AU

AR R TR e I FE AR BT
AR v, 2 AR T A 7 0 T B R A T 2%
. (1) 76 PEPC WML T &Rt SRR, #FmAd:
BLRA AR A AR (2) AE BRI S A
FIVEFH & i BEBE A, SRS TE Z e A Rk
B (ACCase) AL T A BN TR ERIEATAE A HEA
RIS, WSRHE T PEPC (kik, HEaGEL
NI FH T-5 RS, A B A RE 2,
ARSI U0 (R 285 TR 2 BRAE bR ppe FERI,  BERRAY
RV R 5 B R I A A B R AR b, (RIS
G A TR AR 19 2B FAR 0 5 3 26 TRUAH LAl A B i
7EA, EBHAE KT D A PR 3 3 S e B s i 2
P10 38 4% 1) B R AN BE AR 4 b A1 1 i 1R 4 I 3 1)
R & i histe. JFH, BRI AR A BfE
FE—E P BRI RE 2SI, B BT AR AL i
17, BEWTTERERAS LTt mT LA Ab 8 A 5, LA
2 1l 3 T e ) G 11 A7) B8 o 3K TR S ) I
B WA AR 1 S O i )RR X TS T RE A 2 R I R
£ B S

BTATFI AL A-Red FALHEAY CRISPR/Cas %
Gc, WS IR TR G S A SRR I R A i 42
R OCESEE DR A TR DR Ao, PR X e L TR 5 A A
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PR R . IR, FHWTARIR B-Afk
BARHYHEN fadD AT VLW B o TR TR 1Y) 35

=N
H,

Vi R PRI —JE PR TR A R SR 2] T — 4>

RO o BELWIT 1 4 i PN AR O 1) £ P9 57 o )
ppe FEN, AN ERIRR IR AR TR & U@ AR 504 5
EEAR PRI AR, R EY ARG R
NEMITREAL R TR E B, DIANSEHEE H BT R R
TR A R
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