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Effect of Gene knockout of cdd and thrA on Cytidine Production in E. coli
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Abstract: In order to develop a host strain to produce cytidine, a synthetic pathway has been constructed for the production of cytidine
from glucose in Escherichia coli. Cytidine deaminase cdd gene was deleted from an E. coli AU39 wild type strain to develop AU39 (4cdd).
Then homoserine dehydrogenase gene (thrA) was deleted from an AU39 (dcdd) strain to develop AU39 (dcddAthrA), the intracellular
concentration of aspartate was expected to be increased. Compared with the cytidine production in AU39, the cytidine production in AU39
(4cdd) and AU39 (dcddAthrA) were increased by 1.25 and 1.6-folds. It was concluded that a cytidine-producing strain with a relatively high

yield can be developed usinga metabolic engineering approach:
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1.1 R

Escherichia coli AU39 f& 4 S286 =4 1 AR 15
B — PR A Tk . pMDI8-T. pKD3(& A%
RO, pKDA6(E B E T, &A% Paws A
Z)F I exo. bet. gam K, Amp"). pCP20([F] i
SHABERMNETEF G RPN R ERH RS
AR TRERF TE = ARAF-

1.2 WS En &

PCR 514, Jbi{#EREHIAF; Taqg DNA K&
fitf, 1,000 bp marker, Fermentas A ®]; L-Bihi{riki,
LA RAEYHAR A E]; DNA F BUREGR I
e RIREEFRHA R A A FH2H DNA FIHH
AR TR RO A&, AL A\
IPTG. X-gal. ¥Rl . AN HERAAER, LR
SKEAF; HAMR. RS, Oxoid Awl; HARET
B9 B oy M4l
1.3 REgpdk

FhrEE R (g/L): Hi%EHE 15, (NH:)2SOs 2,
KH:PO4, MgSO4 7H,0 1, BEREKY 1, FoKK 1 mLU/L,
Vi 0.3 mg/L, Ve1 1.3 mg/L, FeSOs7H,Q 2.8 mg/L,
MnSOs +0 1.2 mg/L, pH 7.0~7.2, T T -
K 4&AF: 115°C, 20 min,

REEEEFREE (g/L) « %M 15, (NHs)2S04 1.8,
Ko:HPOs 7, MgSOs7H.0 2, FEBHEY 1, Tk 2
mL/L, FeSOs7H,O 80 mg/L, 4HER4% 0.84 pg/L, Wl
2 15 pg/L, CoCk6H0-42 pg/Ls MnSOs H.0
1.5ug/L, CuSO4s 7H,0 1.5pg/L, ZnSOy 7H,0 1.8 pg/L,
FWY4L (0.1%) 20 mUL, pH 7.0~7.2, 45T
. KEZ%M: 115°C, 20 min,

1.4 5k

R % NCBI L% 1) pKD46 741 5 pKD3.E.coli
K-12 MG1655 prifEARl I 11 2 4whis 25 K] odd Fl
24 A BRI SRS IE ] thrA (FER 541, K Primer
Premier 5.0 #4737 ¥ it pKD46 %55 514 I E Y5 Fi B
P19 519 LSRR TR S8 51 . AR ST S LR
1, HHAbRHERIE R A FE e
1.5 SEERTTVL
1.5.1 FIH Red = H RS E K IHHF B cdd 2 Kk 2%
P

ZASME P S pKD46 K AT B
AU39 #:Fl, 30 Cil¥%7%12 h, 2%¥8 42 100 mL
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(1) LB 5 77 L (B & & i =R BN 100 pg/mL),
30 ‘CH;F#% ODeoo N 0.2~0.3 I, HIA L-Bulds b &5
100 mmol/L, #kLLK5F ODsw N 0.5~0.6, 7a4rKIA
pKD46 L[] Exo. Bet 1 Gam 3 ME[. HEHAE
4 °C, 10000 r/min &0 10 min, FIFEFEE, AHA K
TR KPEVR LI, FHTAT 1000 H il B0 31K,
F 600 pL FilvA (1) 10% Hi A4, 4 50 uL 7
B, AEICT-80 CUKAESE .
®1 ARSI
Table 1 Primers in this study

Gene Direction Sequence (5'—3")

CCAACTTGCGGATAACTTGCAATCTGCA

P1* CTGGAACCTATTCTGGCAGACAAGTACT
TTGAGCGATTGTGTAGGCTGGAG

TGTGACAGCCGAGAGCTTTCAGCGTTGC

ud P2% . GGAGGTGGCATCCCACTGAATCAACGGC
TAACGGCTGACATGGGAATTAGC
N1 ATCCACGTTTTCAAACCGCTTTTGC
N2 TAAGCGAGAAGCACTCGGTCGATAC
CGAGTGTTGAAGTTCGGCGGTACATCAG
P32 TGGCAAATGCAGAACGTTTTCTGCGTGT
TTGAGCGATTGTGTAGGCTGGAG
CATCAAACCCGACGCTCATATTGGCACTG
N P4®  GAAGCCGGGGCATAAACTTTAACCATGT
AACGGCTGACATGGGAATTAGC
N3 GACGCGTACAGGAAACACAG
N4 GCCTCAACCGTGACTACATCT
oK D46 S GGGAATTCGAGCTCTAAGGAGGTT

A GTCATCGCCATTGCTCCCCAAATAC

7E: ® Underline sequences are priming site sequences for
template pKD3,

AE PR R By 1. DUTTRE pKD3 g
B, Pl. P2 A5I%), PCR ¥ & ARER P
) H B B

FE R PR R B Bt Re) RO FER) cdd: H
PRS2 1166 bp B4 120 ng hn A L idi] £ 4 1
JERSZ AN, AT, F N 2 mm Hid AR, F Bio-Rad
AL A L AR, it L 1.8 KV, HIER I TE] Dy
5~6ms, HL7EIGEDIA 1 mL ff) SOC #5774, 165
r/min, 37 ‘CHi 7% 2 h Rk TS HRERIPFIR(EER
IR A 34 pgmL) . AR FR)5 RV PCR %
B RERPUEIER R E AR .

PUVEFEDA (B S E: pCP20 BT TSk A
— MBI A R(FLP)SE N, 42 Cf SRIAN FLP &
LR TTLLS FRT S ghier, FRT ALl B & KA A E
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H, INIMHEBE—A FRT 7 s R Pt 2EH. pCP20 (N
il O IR B BUBR, 7 42 C Rl B ASRE R

¥ pCP20 e NFE Rk, 37 CH75 2h,
FEE A 100 pg/mL 2% 5% 7 AR Bk 1. i
BT 42 CIR TR, o nliiRAiT & 25 pg/mL
ERS S 0 U/ I o ORI 7| 971 G5 o 7 A O K 4 S
T 7E SUBF 2 AR ANA K 1) B v BT A P DRI e
IBER. DL N1, N2 R51%0, W58 =itk R m o
B&3E47 PCR %52, PCR P43t A7 M5 B8iIE .
1.5.2  FIH Red HZH RS A4 KT thrA ZE Rk 2%
P

W 3 R B R DU SRR B B B TR
pKD46 1] AU39 (dcdd)iF3za4ffi, 37 ‘CHE 752 h
JE AT R B BT AR L RE9RZ) 24 he DL P3. P4
N5V, PCR %E &4 ZPUEFAR B Sk PR %
b+ ¥ pCP20 NS & &= hithw b, 37 CHE I 2h,
TEEH 100 pg/mL &% 55 = PAR Bk i 7. Bk
EH AT 42 CREFFLRE, HilgfmTEER
PUHEPARFITC IO AR, BRIEFE T AR AR
ERBR PR ALK REE, FHEE519 N3,
N4 AEE— I 7 4 5
1.5.3 BRI

HY 0.2 mL AR, Jn\ 9.8 mL, 0.25 mol/L [f)#k
1% LA R RIS, $25), UL ARTR RN S
Et, 752 H453 5656 B2 11l %€ ODeocos
1.5.4 e

K F HPLC I & = A= M« R TR g
N Pz g (4261,

2 HR5ie

2.1 cdd %R br M e

7t pKD46 HIHEBIT, HImlR 1 E. coli AU39
Pk cdd JERK].  cdd PRI R AT 4 2 51 4 PCR 473 HY
(1) By 851 bp,  mibe e %€ 514 PCR 438 1)
Jr BN 1274 bp. E AR BibE R R fE, S E T
PCR # 1 Hf FrBUN 286 bp. 45 55 7R: PCR 1411
HE & SR E -2 wE 1@)hr. WFs
ATCCACGTTTTCAAACCGCTTTTGCCCAACTTGC
GGATAACTTGCAATCTGCACTGGAACCTATTCTG
GCAGACAAGTACTTTGAGCGATTGTGTAGGCT(
[GAGICTGCTTCGAAGTTCCTATACTTTCTAGAGAATA
GGAACTTCGGAATAGGAACTAAGGAGGATATTCATA
TGGACCATG|GCTAATTCCCATGTCAGCCGTTAGC
CGTTGATTCAGTGGGATGCCACCTCCGCAACGC

TGAAAGCTCTCGGCTGTCACAGTATCGACCGAG
TGCTTCTCGCTTAA: - ++=+e0 22

E: AMAMHA A pKD3 LEEF, L IAENS A
FRT 4z %; H4&35H cdd FAHHRIES .

i i = it R IR cdd 42K 885 bp, 45 R,
ZREFRIG, T13bp Bh%, # pKD3 | 124 bp B &
e, MO ETERRIE.

2.2 thrA FE[RIEbR % 2

7£ pKD46 4B T, Bimls 1 E. coli AU39
(Acdd) BTk thrA. thrA 32 [Rlag a1 FHSEE 514 PCR 47
B Bl 2463 bp, il SR %E 51 PCR 34
H A BN 1200 bp. S Z Pt BRI BI S, % E
514 PCR 1 Hi i BEA 386 bpo £5 53 s BrfiRbE
B Uk SR S E 8, Wl Wb)FaR. W4
RN

GACGCGTACAGGAAACACAGAAAAAAGCCCGC
ACCTGACAGTGCGGGCTTTTTTTTTCGACCAAA
GGTAACGAGGTAACAACCATGCGAGTGTTGAAG
TTCGGCGGTACATCAGTGGCAAATGCAGAACGT
TTTCTGCGTGTTTGAGCGATTGTGTAGGCTGGAG]
CTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGA
ACTTCGGAATAGGAACTAAGGAGGATATTCATATGG
ACCATG|GCTAATTCCCATGTCAGCCGTTA/CATGGTT
AAAGTTTATGCCCCGGCTTCCAGTGCCAATATGA
GCGTCGGGTTTGATGTGCTCGGGGCGGCGGTGA
CACCTGTTGATGGTGCATTGCTCGGAGATGTAGT
CACGGTTGAGGC............

i AMRAIA NN pKD3 LHIEF], L AAEHS A
FRT 4% & H&345 A thrA T A&

1o 22 IR I SRS P2 [A] thrA 421K 2463 bp, 45
BEIR, ZRESE, 2404 bp %, 4 pKD3 I 124
bp I Bt &k, WA~ CTEAERIE.

2.3 PR SOERT B AR AR K R

B RE AT AU39. REER T odd FERI
AU39 (dcdd)Fl AU39 (dcddAthrA) B K B 40 h, AR 4
RS [RI, BRI RO B2z i AR K i 28, Wi 2 BT o
g5 R, iR cdd JE R AR 2R 5 R bk AU39
FEAR—F, EATIREN A KA S AR e B R [E]
TCEHR 20, b ULEE, Rl cdd JEPRINR A B
AU39 AR A R, IX W] RE bR 1
FIAFAET SIS . TR thrA JERS, R4 K 1
I, HEEEAE KA 17 1h, HEAKRER S
HAEeRR 2423, J5i[K nTRE AL RIEh % T 308 FR61
X R AR IR A K& B T — e IR T
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NLSFRT  FRT = N2 N3 FRT  FRT =N4
cod car . cal ' ood o thrA ot , o thrA  out
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=
a b

1 cdd 0 thrA EERERIITE KA PCR I0IE 7
Fig.1 PCR analysis of two disruption mutants
E: (A) cdd A B89 &% . M, size marker; lane 1, cdd (0.851
kb); lane 2, cdd::cat (1.2 kb); lane 3, cdd-cdd (0.4 kb), represented
to cdd; (B) thrA 2 B 893 % . M, size marker;Lane 1, thrA (2.463
kb); lane 2, thrA::cat (1.2 kb); lane 3, thrA-thrA (0.4 kb).
3.3

o Piisdaaas)

24+ s
21+ IV
& 18E pinys _
S LSt &/ T AU
12k Nesala — [} — AU3YAcdd)
0.9+ /:I ,'/ —t— AUIY Acdd AthrA)
(/A
06 | M &
0.3 i
1] LQ: T T S A S S S T S S w—
0 24 6 8101214 16 I8 20 2224 2630 36 40
Time /' h
2 KEFHFE AU39 . AU39 (A cdd) FA AU39 (4 cdd A thrA)
R K%
Fig.2 Growth'curve of E.coli AU39, AU39 (4 cdd) and
AU39 (4 cddAthrA)

2.4 kR cdd FEPRIATthrA 3 R KA B AR 2
Al

W cdd R RIARR AU39 (dcdd) Rl thrA
FE R AU39 (AcddAtheA ) ATRE N BESR S, - (RIS A
HOR AR AT AU39 1 s IR Bk, HPLC 43-#ir
FR AR AR . 55 5 3 o, cdd 2k PRIk 2%
FAF Rk AU39 (dcdd) i 75 M(0.15140.012) g/L, %
R BE R AU39 [1)(0.12140.012) g/L B&A 2, A&
AU39 1] 1.25 fi%, TpRE ™ B R FFAK, 3R cdd
FE PR AT A RS BT e AU 5 PR AL [ R A R
WEEE , A U AT BT AR 2R < R thrA JE TR, 6 B AUB9,
AUB9(dcddAthrA) I HIE P~ S 36 M E] 7 (0.190+0.026)
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g/L, #& AU39 1] 1.6 fi%, Ui WImbR thrA 2 RIgEA 2H
W R A2 BRI 22 IR AR, R AR BRI i &
BGOSR A BTN, IR, JREF. SRMENER
I {07 Bt I M, TT DA S5 s e A QiR AR,
(A 7= i R

240 B Uracil ] Cytosine
220 1 [l uridine Z Cwidine
. 200f
= 180}
160
= 140
g 120
2 100f
Z  S0f
= 60
40+
20 f
. AU39 AUI(Acdd) AU3Y(Lcdd AthrA)
strain
3 KEZHFE AU39,AU39 (A cdd) F AU39 (A cdd AthrA)
ME =Rt E
Fig.3 Cytidine yield of E:coli AU39: AU39 (4 cdd) and
AU39 (A cddAthrA)
3 g
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