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M3 #5347 CTP BAR#pHI4E A 5512 MO 9 5.4.6.0 F= 8.5 4%, B ¥ &R E R A4ENE| E. coli Cyt10 (dcdd) ¥ 34T K B
B EREAY, EASREARNAMMN, BT AR ARGEFRREZYA RRARLGIES, 1Y ATCase £ &5
R TALROI 09 5 AR R IR BIFE] T R RAR W FRAL.
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Construction of ATCase Mutants with Feedback Inhibition Resistance
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Abstract: In order to obtain E. coli ATCase mutants with high catalytic activities and feedback inhibition resistance, site-
directed mutagenesis, homologial analysis of the related amino acid sequences of ATCase and PCR were used to construct
three mutants: M1 (H20L) , M2 (K60E) , M3 (K94E) . First, pyrBI gene of MO0 (wild type) was ligated to plasmid pSTV28
vector, and site-directed mutagenesis was carried out by PCR. The fusion proteins were expressed in E. coli DH5 ¢, and the
erzyme activity analysis showed that the original ATCase relative activity of MO not only remained but also increased by
1.10-fold, 1.22-fold and 1.37-fold respectively. Their specific activities were also increased. Measuring of the feedback inhi-
bition resistance of the enzyme showed that E. coli DH5 & strains containing the mutation gene had a strong feedback inhibi-
tion resistance against 15 mmol/L of CTP concentration. The enzymic activities found in M1, M2 and M3 strains were 5.4-,
6.0- and 8.5-fold of MO in CTP feedback inhibition resistance of ATCase regulation. Finally, all mutant plasmids were trans-
formed into E. coli Cyt10 (dcdd) . After fermentation, ATCase synthesis of site-directed mutagenesis indicated that the accu-
mulation of cytidine pathway got strengthened.
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2 R 2 W Wt % #2 Wi (aspartate transcarbamylase ,
ATCase, EC 2.1.3.2) J2—F[ 15, i pyrBI FEH 95
i, A4 22 TR AR N R A 2 R T Il 2 H T R A4 2 TR
IR SIFLENY) ATCase 45HIA ], RIHFF
R R PRI  FEA = AR5 IR RS, AR
AR TR 3.4 x 10% 8 B =B A0K, 55 W
HOMMIRT A TR 1.7 x 10° B PR 34K, il ad 2
TR 58 WA B AR B SEEY. pyrB 3[R G
T AL %, pyrl FE R 4 15 R 0 B . MY = B R
(cytidine triphosphate, CTP) &= H:AAJH 79, ATP 2 H:
EPEF ). Shepherdson 2% 1 ATCase f—4>
A R FRZ A4 CTP, 24 CTP K-,
CTP 45 ATCase 45, (% CTP S MAHYIELE; [ Z,
BAYNMIP CTP KPS, CTP M ATCase A5, il
P CTP & U L.

E. coli K12 [¥) ATCase (1) CTP {J 7] RBZ5 G 8
43 5& 1le12B . His20B . Lys60B ., Val91B . Lys94B!"!,
WK1 FR. $aRETT pyrBI ERISEASAL B
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Fig.1 Binding sites of CTP in ATCase

JfiRER CTP %F ATCase B, ARFFTE
X ATCase _In CTP MIZ5AALE M THESE. FEXT
T2 I 5 235 4 38, (R-domain) 28 5L 1% 7 91 [+ 5 b 55 1)
Font b, 254 B B K AT B 4 3 4Ly 51 A
CTP 7£ ATCase bIZ5EN A, FIHG RIEZATIRS |
PSR NE s 5828 0 7, o i FE RS DXtk T
Ao AR S I B AR AR AT R AL T T ELA R
CTP Jimibil fyl. AN CTP 454015 28R
G ELRGIFEN ATCase FIEHEFIITE =&, L
4% ATCase AE 3 578X TR SR

1 ME5AE®

1.1 &
L1l Fok BAbfess sk

KWK Escherichia coli K12 .E. coli DH5a.
E. coli Cyt10(dcdd) R SE50 2 ARG ; JA% 38 ks
pSTV28 Il H TaKaRa /).

KRR W 16 g, TR 5mL, K
fR W 25mL, BEBEE lg, rBEmR =4 2¢g,
MgSO.7H,0 5 g, KH,PO, 2 g, FeSO47H,0 100 mg,
ZE87K 1000 mL.

1.1.2 3K AL B o Hr i 4F

AT BB IREL L L- KRR . AT =R,
Sigma \H]; Pfu A, Fermentas /3 w] 5 K 55
RARE & R YEN VI BamHI . Hind Il . Dpnl
T4 DNA % % i . DNA Marker DL10000 , K i%
TaKaRa /A ] ; REICHERI™ JE[N 2] DNA $4aiik )
# . Tianz™ PCR ¥ (DNA F BY) 4iifbialsn & | fE e
BEI™ ok DNA /MR 4R 40 £, db st i
] ; Easy Protein Quantitative Kit, Jt 51 4204/ H].

PCR {¥, Bio-Rad /A¥l; SBA-40B “EYMEIEAL,
IR A YR 2B ST BT . DNA - FE 91 0 M BL 48 %
DNAMAN 2.0 #x4, 5197i%i1% ] Primer Premier 5
B, Ik K4 HT R A Imagemaster TotalLab v1.00
A
1.2 XWHE
12,1 EAXMATE R KAy Hy

4l NCBI R RBNM KR K12 FrifErk
MG1655 1 ATCase & [ pyrBI [F) ¥ 1T BR )T 51
(GenBank: U00096) %1154, T ATCase R
SUREFIE AR, DAKIAFFA K12 L 4] DNA St
B, F514 P1 Al P2 %5 pyrBI FERY 31K, DLE R
ST TFBHEA pSTV2S gk, Fr&rfittdric
Cm', 153 H 4 BTk

I LT 4 X514, BEXTE Y i A AR
s, 51 T HEPT R R ARSI . Sel514 Pl
P2 7 HEH A H LR B, 528 pSTV28 ik
b, RIS RIS 14 F1 AL RL, 514 F2 F1 R2, 514
F3 1 R3 XJEA ik T PCR. P1: (SCTGAGGAT
CCATGGCTAATCCGCTATATCAGAAAC3') , P2 (5'

CTGAAAGCTTTTAATTGGCCAGCACCACATTAT
GGG3" , F1: (535GGCACGGTAATTGACICTTIATCC
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CCGCCCAGATC3') , R1: (GATCTGGGCGGGGA
TAAGIGTCAATTACCGTGCC3") , F2: (5'CCGCAAA
GATCTGATCIGAAJATCGAAAATACCTTTTTG3) |,
R2 : (5CAAAAAGGTATTTTCGATTTOGATCAGA
TCTTTGCGG3') , F3 : (5CTATGAAGTGGTGGGT
IGAAITCGCGCCCAAGTCTG3") , R3: (5CAGACTTG
GGCGCGATTJACCCACCACTTCATAG3).
122 EFAXHHARLRFEHTERE

A 3 R g 5 28 A8 13 57 & (Site-directed Gene
Mutagenesis Kit) 1T 5 2878, S By s 14y 2 2 okr
4T PCR. MEERIZH rhve e it B A28 v Be o431
SIARASNL BT IFORE PCR. B4E SRS IS HY pyrBI
PEAEKIL A A TAZ A AR T

FEH 8 A5 A8 W AK & : Nuclease-Free Water,
41 pL; Reaction Buffer (10 x ), 5 uL; 547 (10 umol/L
each) , 2 uL; NTP Mix (10 mmol/L each) , 1 pL; FF%
AR R AR JFORE (0.5 pug) , 0.5 uL; Pfu DNA Polymerase,
0.5 uL. PCR S Z5f4 : WiZstE 95 °C 3 min; A8k
95 °C 30s;iE:k 60 C 30s; #EMH 72 °C 4.5 min; 4E
il b4 72 °C 10 min; 4 C1#4%; 3% 35 MG, PCR
SV, A 1 WL Dpnl, I851)5 37 ‘CHEE 1 h. Dpnl
THALTEEE 5 AT DL E T AL

Al PRTERE X E  E 100 pL DHSa JE32 S 40TH
A 5 ~ 10 pL 2853 Dpnl LIS O824, vKiTs
20 min, 42 ‘C#i 60s, K 2 min J5AIA 890 uL
SOC H53e3E, 37 °C . 180 t/min & ¥ 1 h. LEIRMHT
5000 r/min .0 1 min, 3SR P 5H EE
RN LB Pl b, 37 CHiFR . #4717 PCR, &
Ja SePk PR A e R EUTORL, BEUII0E. B 3 ~ 5 AN
Y)Y E IERA Y TEREIT | LA S 2 Y T e 75
SE T A 58 728 bt
123 FARRR T AR GEFEE RS

mE

WEMAWET 37 CHIFRE Ago N 0.6~1.0, A
0.1 mmol/L PTG, WA A, 2888 75 i 6 i B 7
W, L 12% SDS-PAGE %7, Jf-ill %€ ATCase [
TG . S I E S VIR AW« 50 mmol/L Tris-HC1 (pH
7.0) , 15 mmol/L L-K4 %% , 8 mmol/L Na,-CP, fil

KL, $E5] )G 466 nm Ho . TS 1 B RE L
M AE 28 CHET, B AL AE AL 1 pmol 774
(2 H IBE R A2 R) 9 — AN 1 0z (U) . il Ui
J1 oA TS TR AR S B A, 3 R

AEHEAREEE H278 F4

Iy BHORS I 2 I8 Bradford ¥:U'", #IFH Easy Protein
Quantitative Kit 3% .
124 CTP *} ATCase EMWHH AL RELARNE
20F 2 CTP 49 30 R A 4 ) A5 A 64 il 2
TEDE SOWAR R TR A B LR EE S 0,05, 1.
2.5.10. 15 mmol/L HJ CTP, FhnyE R I & 7 i
FEBEHG. LAIARESIN CTP BEHE J135°4 100%, T1HEA
X
1.2.5 R EHRG R EEIZAAT TG AR R Z0hmE
PSRN R AR Bk 73 51 5 A2 Escherichia coli
Cyt10 (Uedd) 1, 7€ 37 °C . 200 r/min 5048 F i1 TR B
W3R, REEESE 40 h JR45HOR I, R HPLC I
SN A R T

2 HEREHH

21 BHEBESRTERKGTEMEEBRIERAHN
MERERE

IV AR R pyrBI FERI ISR AERY pyrBI B A %
P33R 8UA pSTV28 I+, T AZF| DHSa . SRJEH
KT o B 20 BB A A T30k, X6 o 2H B A 7 1A
7% PCR, K75 PCR 74 H 3 fig b Bk e L K
. HRHETEYE PCR AR SS R, AR 2 ki i
PR Ve PR ORI 5%, BOE SRR, AR
HIBRL DNA /v S OGRS P2 BUSORL , R4l
S5k 43 BamHl #1 Hind M 347 5BV 507, TR At
AT SRR S 0E . o it 170 5 oy Y8 FH B B W06 A v Tk
K S L4, S5 R AR 2 B,

M. 1 kbp DNA marker; 1. 28880k pSTV28BamH1/Hind Y] ;
2. AR 3. AR BamHUHind IEFHT ;4. PCR 74
B2 mREEEHFRENEYIRIE
Fig.2 DNA electrophoresis of identification of recombined
plasmid by digestion with BamHI and Hind Il
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W 9 AR A TR % A I AR R SR DR 28 /. % BT
A5 5 AT 00 e FE 91 43 A K W, ATCase | 1Y
His20B £ 7% Leu20B, Lys60B %75} Glu60B,
Lys94B 28758 Glu94B 2875 i BE[A , fifg ATCase
K5 53 R AS AT
22 HEBERTHEKXIEITE ATCase HiFFRIE
REES T
W B RIAFFHE MO, M1, M2 . M3 73535 5%,
0.1 mmol/L IPTG 55 3Ri5 , R i BT A 32 JURH ity
W PE—ME ATCase BETEVES Y0 UERT %0, AL
B TR E 2015 5 R85 AT 3Rk A & PR
) ATCase, B @A T A% A H 41 JSokr (8 R A A
ZEIRANR 3 fis.

140

—a— MO —e— M1

120 —A— M2—v—M3
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B3 AE CTPRETEHEERSRTE ATCase 1R IR
1ER
Fig. 3 Feedback inhibition of ATCase by CTP of the origi-
nal and mutant on different CTP concentration

ARG YA TR, R AE AR 1,10,
1.22.1.37 1. ANFEIZAARN ATCase B ELIE 1 KL
e W 1. 75K M1, M2 F1 M3 (1 HLTE F15359
FLEF A A MO 3375 11.2% . 20.6%F11 35.1%.

1 AEARETHEM ATCase MtLF N RE~2
Tab.1 ATCase specific activities and cytidine production
of different mutants

[EskZS G/ (Umg™) N =/ (mg L)
MO 14.02 £ 0.025 125 £5.57
M1 1559 +0.033 290 +9.17
M2 16.91 £ 0.039 305 +4.04
M3 18.94 + 0.041 445 £7.02

2.3 BARMRTAEmEQR CTP RIFMHILE
Xof T B A AU, Y EEEE SOV AR R B CTP Ak
JEIRE] 0.5 mmol/L B, 543y Az K 1 il iy 5 iy
TGN, SR T R M G TR R, A 2 o il X
CTP [P R S S VE AR —E . i 3 Fiw,
PFH: 7 ATCase £ CTP ¥RJEEiA%E| 0.5 mmol/L A,
ATCase JGVEIUAE 47%; 7 CTP ¥JELF] 15 mmol/L

B, MO [ ATCase {EME{UAE 10%, RAZE M3 1)
ATCase JEMEAA 85%LA |, MR M1 5 M2 1Y
ATCase {EPEZ R 54%F1 60%; M1, M2 Fil M3 58
AR MO A EE, M1 M2 FT M3 A4 CTP Sz il 7
FHA3 02 MO 1) 5.4, 6.0 fil 8.5 £, X} CTP AP/ i
TR P A — e AR B 4

24 BH4RESRTEREARMEESENZN

XTHCREI A LS SR, LA S5 98 J5 1) pyrBI K&
K ) & AR R R B8R T CTP (9 s i
[A] . XFE CTP 456 s RASHT I W B L KA AT A
MO, M1, M2 1 M3 [ - &

2 SR BE R AR MY 23 3012 (290 £ 9.17) |
(305 + 4.04) ., (445 = 7.02) mg/L , 43 5 J2& 5 7% Aij 1 ik
MO (125 +5.57) mg/L Y 2.32.2.44.3.56 f%. Scuesk
HEIH X CTP £ ATCase WIS EML S TE
R B RO, UL SEAE pyrBI BRI T Rk Y
ATCase [P [a) @S2 T 23t , sifk THEH A

AR

3 3 #

ATCase i ALmEIE kG iR Y28 — 2
N, e H SRR, S 7RSSR CTP J
] AR R B AL TR P A R EE 1, AT R ]
L 5 55 R AT (site-directed gene mutagenesis) FJ /7
2,4 H Ry S AR 1A G g 0 B AR R AR A5
AU A PR BT ST, TR RE R AT IR FE ATCase
it P 1 EL LA B S S o e o ) 2 AR 1A

HF CTP %I ATCase A9 IsH i 59 15 2L AH
XK, PPV HECHAEAR CTP 255 AL TR
A ARF) 3 ASGRARA, DT S BN il 2 1 AR 2
it , SR AT LA BR R i A/ . AR AR LR SR AR
Y1 ATCase 19 W EZ B R T 9 2 8 LUASIWAE IR, 45
A EA TSR R G 0 R g A R g AR
pyrBI FER K pSTV28 JTikr, iy 7K
FFE IR M E AL kL, I FE B A E. coli Cyt10
(dedd) . EIAEET MO (BF4:%1) (M1 (H20L) . M2
(K60E) . M3 (K94E) . gL i 7E R W : JLAP R 7L
it LB A B B B0 P CTP RS BE )
H ATCase 1&MEA —ERE M. pSTV28 JFikL
JB& THRHE DUBTRL , Syl O R 48 DL s 3 3 e ik i
XTI EAR 7 4 R DG 2 7 AL 5 ), TR RRAIR
P DUEUTOR LUTH BR X R 2 e . R I IX 20y i T BB
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MY CTP 4G s 2 RA0A 5 ; 28 AR R
ML R T RE S S) 5K &4 5% ; B R 5
GRAR TSGR & A U TS CTP 7Ef b 4h
G VR R an U | B R R K PE R A K.

AMFSE TR AR T A AR MIF ST LRt T, a5 %8
72 i DR 1 B A T A T A AR D TE MRS BT
H, 24 CTP WeJFiA#] 5 mmol/L B}, 23 S8 s 11l
K. MRLBEWEEAARNS S CTP RAELS, MG
PERZ R, 24 CTP ¥RE R 15 mmol/L B, 1% 287453
DR B4 B AR AT T ARE S A . AR S, 45 R AR AR 11 i
FeiE A AR g . B, BT R Al
BT RERAMARER T CTP ARSI S ARRE T Bk
TEHERT M1 M2 1 M3 =ANEFZE 5.

AT MO FE R RERE SR TP LT P~ Al ATCase
Pt CTP RGHN I AON B F T R4 8 M1 . M2 Fil
M3, FIHRAE pyrBI FEH PR IEM) ATCase 1952 CTP
ST I SIS 2 T 8, FERE AL AE T E
R IE, (FARE R A T — e R 2
. AR, BT BRI KE AR, rTRE &M
ARSI A E R RO R, I UMP X
CPSase Fll ATCase Wi, CTP Xf CTP & it
F R Al K BB 2511 R CTP Rt oe7s
TR R (4 L IR Ay e P 1 A 7 R 2o R R TR ABIF Y
PRAL TARGF LAY, BT, AR IE E—25 T AL
LT ) e 7 TR R B RIS .
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