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Abstract

In order to obtain a strain with high yield of L-malic acid, the wild-type C. glutamicum was mod-
ified with gene editing. The superoxide dismutase gene promoter (Psod) was inserted ahead of
pyruvate carboxylase gene (pyc), a key gene in the oxaloacetate anaplerotic reaction, to promote
the yield of L-malic acid in a flow of pyruvate to oxaloacetate, then to L-malic acid. This strain was
named as CZMO03. The experimental results showed that the PYC activity was upregulated about
2.2-fold in CZMO03 compared with the wild-type C. glutamicum. There was no significant difference
in the growth rate and the maximum biomass at the plateau stage between the two strains. This
indicates that the knock-in of the Psod promoter had no significant effect on the growth of the
bacteria, but the activity of PYC increased significantly, which was beneficial to the accumulation
of the target products.
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N T RBL-ERRE ™ MR RRERTE (C glutamicum), B3 ERHmE, EREBEZREFMNSZERE
FE A BRER AR AL EEEE ] (py o) RITTH , ALY ALEREE R S 3 F (Psod), EAE MRy 2 NCIMO3, @it
)5 3 F Psod3SRPYCERE M, RFFHR>EBZBR->SERR, AITERRIAER. &GRRH: 55
HRIC glutamicumiBE, EHBEHHRCIMO3KPYCHEN: IR T 412.26%; PSR, WENEKERNR
REVEBRAREEER. XRPAPsodSBBITFHMA, NEMWEKEFHEEM, HEPYCHEEAE
KNiEERR, XXT HR=DRRBRER M.

Xiia
L3RR, BERERTE, ERRE, WRRRLE, B EEEER 3T Psod
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1. 5|8

L-3F R e — M E B UG A, O ERRIEMIIA -+ KAV P& —, 1EEH.
B2, LT AR ZHINA. ARG R EEG A s BRERIRE 1] a8
FERRANCEE, (HEBERR A DL &, AWk, BAE—EM&EME, AadEam5E kN
FH o BEEFGACIEAE P L3RR R B DL S SRR A v 3, WIS 2 1) 8 SN R, 1 & SR A% & it
REEEA SOERER,  H Al R 58 R AR v A= Bk (2] [3] [4] [5], Fesiom, (H24r Ak,
FEARIR S« HAE LIS H kAT A o

C. glutamicum ZZ I MVELR AT, BUEESIEW, S ZH MM EwSEe] [7] [8]. C.
glutamicum TEREFAE T, WEIFRZILIE R TCA (rTCA)IRE A BEE SRR, S _E R BERR 1L F N 200%,
& HETHTE A L-3E 1R & g 2 i m (9] AR RGUED S 575 C. glutamicum H L-357 51
FRACUHHR R AT b, B e R e, W AER C glutamicum FHATACHHR R ks, EREL 2R EIFNE R
(1) S e il Y R SR AL L [H (pyo) RTTHT, RN AR B AL AL BB TR 3 F (Psod), 38458 PYC BiG P, (it
AR — R LR — SRR, R T HAR =R &

2. REF%
2.1. M8

A T it FH 380 B R R AT TR I3 1.

R C. glutamicum ATCC13032 Rk, E. coli DH5a HASSZIG S ARLE; KL DNA FEBGR A& 3
JIEBE S DNA BISGRFI £ H Omega Bio-Tek A ] FREIME A VIEEIAH Thermo scientific; T4 DNA
ligase JJ H TaKaRa; fast Pfu PCR Mix DNA R&E 5 b5 2R R A 7 51435 L7584
AR AR A A ey B it

T 38 pye FEH L RPEE 5198 CPyr-Ul F1 CPyr-U2; F T3 3 pyc F:IR U7 RIVEE 1514
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Table 1. Lists of strains and plasmids used for this study
= 1. KR AER. RAL

Name Description Sources
C. glutamicum C. glutamicum ATCC 13032 Stored in lab
C. glutamicum CZMO03 C. glutamicum ATCC 13032 (Psod) pyc This study

pK19mobsacB derivative containing upstream and downstream

homology arms of pyc gene and Psod This study

pK19ms-Psod-pyc

49 CPyr-D1 #1 CPyr-D2; F T4 3 Psod J3 )+ 15140455 7] CPs 1 F CPs 2; Psod @i N\ J& FIA il 5144 OPs1
1 Ops2. EARGIWIFHAH L 2.

Table 2. Primers used in this study

= 2. AMRFTAESI

Elk7 s SFFIG—3) BKBRE
CPyr-U 1 CTATGACATGATTACAAGCTTGCTGTGGCAGTGACCAACCG .
CPyr-U 2 CCCGGAATAATTGGCAGCTATAGAGTAATTATTCCTTTCAACAAGAGACC se
CPyr-D 1 TTTTACCCGTGTCGACTCACACATCTTCAACG )
CPyr-D 2 GAGCTCGGTACCCGGGGATCCCAAAGATGGGGTAAGTCTGGCC se
CPs 1 TAGCTGCCAATTATTCCGGG .
CPs2 ATGTGTGAGTCGACACGGGTAAAAAATCCTTTC ®C
OPs 1 TGCAATATCAACAAAAAGGCCTA .
OPs 2 GAGCTCGGTACCCGGGGATCCCAAAGATGGGGTAAGTCTGGCC o0c

VE: 514 CPyr-D2 5 OPs 2 3£/

KRR IR I (g/L): FIAIRE 20, BRANR S, BERHEE 2.5, &AL S, NaAce2.5.
KRG IR HE(g/L): Hi%HE 20, KHCO; 20, NaAce 5, KH,PO, 0.75, K HPO, 0.75, (NH4),SO; 5,
MgSO,7H,0 0.5, CaCl,0.2, MnSO44H,0 0.02, FeSO47H,0 0.005, Vi 0.2 mg/L, Vg 0.2 mg/L.

2.2. A&

2.2.1. BERHBGEE

Psod J38)¥ HIRINEAE pK19ms-Psod-pyc f4E: Jef ¥ H T RIVEELAN B FIEEVRE B, B
¥ Psod JA 3T B, SRJGFIH Soeing PCR, #£13 LUt [FVRE . Psod fAsh T TERVEE =FHIME A
BL KRR R B DA ) A 7 5 2 pK19mobsacB, 3545 Psod JE 3§ BIREAN 4K pK19ms-Psod-pyc.
2.2.2. BEANEKBEE C glutamicum

Hil4% C. glutamicum JEZ M, H145 775ES OCER[1013E47 . MUNEARBIEA C. glutamicum [BR3Z34s
YIS HEE N: 1.8kV, 4mS. EAREE(ED S CHR10]3017,
2.2.3. E§IENE

R T 1 2 A T B ) 52 2 R SR [ 11 384T

2.2.4. Eihgksdl
BEFG 3 h BUEE, T ODgoo AL WOIR S, FF22hl A K2k .
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2.2.5. FRPENE
B 0.5 mL 35980 AW T 2 mL A0, I 0.5 mL i) DNS, fE#EKF0EE 5 min SZE1E T
UKAKIBAR N, SRIGTE Aseo W OD 1H, PRI bR dh 26 oH 5 ik bE, BARS 3 k[ 12].

3. BRE R
3.1, BAEE pK19ms-Psod-pyc spkiafEd

LY AR C. glutamicum JE[RZH DNA AR, I8 HM A B, SRITIE 1.2.0, MERANEE
pK19ms-Psod-pyc. R IE 1, E 1(a)f) 1 54 pye R L FRVEE (2 500 bp), 2 5N Psod B&hFH
BX(#1 200 bp), 3 5 pye FEK Rz FEVEE (4 500 bp), 4 58 EHFFEVEE . Psod BB T i REIEE A6
G BOK/NZI2H 1200 bp).

bp M 1 2 3 4

(@) (b)

Figure 1. Construction of the knock-in vector pK19ms-Psod-pyc. (a) Am-
plification of the target fragments. 1: the up-stream arm of pycgene, 2: the
Psod promoter fragment, 3: the down-stream arm of pycgene; (b) Identifi-
cation of the knock-in vector by restriction enzyme digestion. 1: the re-
combinant vector pK19ms-Psod-pyc, 2: digestion the recombinant vector
pK19ms-Psod-pyc by Hind 111 and BamH 1

& 1. BAAE pK19ms-Psod-pyc BIIEE . (a) BUANF BB E: 1: pye
BERE LHFRIREE, 2: Psod BRI FRE, 3: pyc BEETHEREIRE; (b) &
ANHIRREBYIEE: 1: EEHKRMN pK19ms-Psod-pyc, 2: ELHRH
pK19ms-Psod-pyc i Hind 111 1 BamH 1 B

B RS F B B (VI AL f A Hind T AT BamH 1) % pK 19mobsacB # 44 (K /INK 5719 bp), 145 E 4]
B pK19ms-Psod-pyc. B2 TR EAT DY) S 5E , 245 R ILE 1(b), FrfR 267 K/ 5 T A —£(1200 bp),
W6 I FNRE . Psod JA BN N R (R G B OB D 5 B 31 pK19mobsacB #fA I, HEZH A dr
%5 pK19ms-Psod-pyc.

3.2. EEEH CZM03 FIKRE

VTR RN TR A, A S R RAT 1, TRIE PR B RIS e, AR NE 2. M
DNA 4> T & Fric Marker, 15812 545 LFARS C. glutamicum FIEH F i CZMO03 fIE K4 DNA A
BRR, DA b3 1R ) B 514 CPyr-UL A1 R [RIVEE 4 R E 514 CPyr-D2, 44l Psod J3 31 (IR TS
B, Psod JABF K/ 200bp, b FUFFEEE K/NZ2H 500 bp, B 2(a)RT AR H, Psod Ja3 3T 2%
RN o

[Fi, 7E Psod WEBETHEI G| Y8 OPs 1, SR 5r MILAEF A2 C. glutamicum FVEZH 5 #k CZMO3 1)
K ZH DNA N, H OPs 1 F1 CPyr-D 2 (OPs 2)HEATH A, 45 5 WL 2(b), FkiE 3 24 = 4 B ik CZM03
LRI ZH DNA AR G458, ARe Rk sk, Wl 4 AMER C glutamicum FEFIZH DNA
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KR IS5 IR, oy Rkl B, R DAESE Psod CURUEhIRA R pye BB i

bp M 1 2 bp M 3 4

1000
750
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250

(a)

Figure 2. Identification the recombinant strains

E 2. EEEHRNEE
3.3. EEEHBE KR
BpA R C. glutamicum (WT). B CZMO3 HAEK N, S8R I 3. WT. CZMO03 7E#:F )5 5 h
TN AR, SHAEKL 15h 5, #EANTFEM, FEI4ERFZ 10h A4, #EAET. PIRE
MR KR AN & WA B B KA R, WHHRZESR . XRY Psod 585 3T RN, SR AEKEH
WM, (H2 PYC MBS A B &R m(LIE 4), X0 T H =P 224 R0
14-_ e

10+

OD600

0 T T T T T T T T T T T T
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Time/h

Figure 3. Growth curve of different strains
E 3. TEEHREE KL
3.4. EHEK PYC BEE ST

PR IR 22 3 LR I IR AR BHE N : TR > S BE LR — SRR . AR 2 FE ik 2 BRI #5420 BB e
PYC ik, @i Psod H458 PYC BgiE, T DA P R B 1) BE 19 QBRI AK, R TR T3 SRR I A . N
I, FRATREI T CZMO3 BRI PYC BgvdtE, SCIGES KR, &N Psod J5, CO3 WAL PYC By Ef
AR BT 4 2.2 .
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Figure 4. Assay of the enzyme activity of PYC & metabolic products
B 4. PYC BEFENE MK =04

e

1) M)A 30T Psod RN, WINMTER LT C. glutamicum BITHFRERZ AL BESE K (pye) B THI RN

Psod ]2 8l1T -

2) #EBNT Psod NG, FTRASMEA R, S5 AR C glutamicum ALL, AAKTEFE B R A

BELUEER.

3) 5EA C. glutamicum FALG, BB CZMO3 1) PYC &% E 1745 2.2 £,

B oW

TR 4 [ K 2E A B ML K FE I H (2017104880131 %% B IR i IURHBE K 27 K 2 A Bl 1) b K 2 33

H (201710488013) (1% M5 BB b R 27 A= W (i Ak 5 Il TR ] 5% 0 S 560 =5 T i 5 42 (SKLBEE2018002)
el

SE
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