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Modification of L-histidine Biosynthesis Pathway in E. coli and
Its Effect on L-histidine Yield

WEI Wei, LIU Qian, LU Li-ning, XIE Xi-xian
(Key Laboratory of Industrial Fermentation Microbiology ,Ministry of Education,College of Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457 ,China)

Abstract: To modify the metabolic pathway of L-histidine biosynthesis in E. coli and increase L-histidine yield. E. coli M-
18 (SG" + 2-TA" + HisHx") was obtained by N-Methyl-N-nitro-N-nitrosoguanidine (NTG) mutagenesis derived from the origi-
nal strain E. coli M-17(SG"). The histidine operon was amplified by PCR from E. coli M-18(SG" + 2-TA" +
HisHx") chromosome and ligated it into the pUC118 vector. The recombinant plasmid pUC118-his-operon was transformed
into E. coli M-18 (SG" + 2-TA" + HisHx") by electroporation. The zwf gene and prs gene were amplified by PCR, and then
ligated to pSTV28 plasmid. The recombinant plasmids pSTV28-zwf, pSTV28-prs and pSTV28-zwf-prs were transformed
into E. coli M-19 (SG" + 2-TA" + HisHx"/pUC118-his-operon) , respectively. Flask-shaking fermentation results showed that,
compared with E. coli M-18, the L-histidine yield in the engineering strain E. coli M-19 was 4.5 folds of that in the control,
and in the two-plasmid system of recombinant engineering strains E. coli MZH-19, E. coli MPH-19 and E. coli MZPH-19
were 5.14 folds, 5.78 folds and 8.43 folds of that in the control, respectively.
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R, IR E AR, AW 3d 7 L-HERIA
1~ 1.6 g/L. {HXImi A BB &2 T oK, Btk
WF9E K BeE = L4 AR LK.

A 3 WA HEAR (NTG) 5728 26 7 oA 4124 R
SRR BTTER 5B bR, fRER LR EY &
B AR b e R i ——ATP B R A% W I 5 % iy
(ATP-PRT, hisG JE[F 4fith) (4 S sl FIFAUSRE
RGN LAY & ORI Tk, i Rk
M H AR T FH ORI R zwf F1 prs FEA,
B AR IAFFRE L-H 2R A& AR, DA
— Lt LA 5, R LR T
TR T B LA

1 HESAE

1.1 ERRIERE
L1l AHREA

E. coli DH5a}% E. coli M-17 (SG") 4 Jy K HeRl4%
K 2E AR TR S 0 & PR R B R BURL pUCTS |
pSTV28, TaKaRa 7\ H].

1.1.2 #5k(gL)

LB #idk: HE MK 10, BBk 5, NaCl10,
pH7.0, HiAERANHEHERM A EWEE R 100
ng/mL, S8 R MR 25 pg/mL.

FEAREFEIL . AR 5, BREE 10, R AA
1.0, FFREE 0.4, BilREE 0.01, HLIREER 0.01, Vg
1100 pg, Vi 100 pg, ZEAEH 20, pH 7.0 ~ 7.2.

FhFREFR5E . 400 15, IR EE 3, EoK¥
10 mL, R — 80 1.0, GRREE 0.4, BilR%: 0.01, i
FRE4% 0.01, Vig; 300 pg, Vi 200 pg, pH 7.0 ~ 7.2.

KRG WA 20, BRIRER 10, B R
20 mL, BEIR B0 1.5, BRIREE 0.2, ilR%h 0.015, B
V4R 0.015, Vg 200 pg, Vi 100 pug, pH 7.0 ~ 7.2.
1.2 K7

R N PO . T4 DNA ¥4 . Taq DNA B4
fiff, TaKaRa 2% #]; Long PCR Enzyme Mix . 1 000 bp
ladder, Fermentas />8] ; PCR 5|4 i db 5T a0 a4
RIBAT IR E A PCR = Hatifb i &, Jbat R
PERE B AT B w5 R MR PR 4R B R) & Fn
B L R A R BOAN &, Jb s P N W] 5 IPTG . X-
gal ANHEHR AT R, LRI EAH; B
WASIEAR (NTG) , HAS TCI 23+ ; L-2H %82 (L-His) .
2-WEMEIN AR (2-TA) M 2H AR Al R+ (HisHx) , 58
Sigma A ] 5 HAGKF 4 A [ = 43 A4k

BRI B TR LA AR R <7
1.3 A&
131 #EFH%

WA, 200 SCHR(S].
132 B &R EAREIH it

SER AN T AR ARAT « 7528 A R ) R A
JERMREGURAT T3 A — & W R 2-TA F HisHx
FEARREFREL b, 5595 2~ 3 d, PRI BATRETVE, RIS 245
FZERIH) 2-TA Fl HisHx HitE 525 bk,
1.3.3 PCR 3|4kt 54

HPE GenBank W E. coli K-12 4&fi% his operon
(7 461 bp) . zwf(1 476 bp) Fl prs (948 bp) K ¥4,
St g 1Y, FEm S | ARG S CRRIZFR) Fl
AP m . M5 HI (CTCGTCGGATCC
TCCTTTCCCCGCTCATTCATT) /H2 (TGTTCGGGA
TCCAAGAAAAAGGGCAGGGTGGTG) . Z1 (GCAA

GGATCCACTTAAGGAGAATGACATGGCGGT) /Z2
(TGAGCGCATGCCGCAGATATTACTCAAACTCA
T) F1 P1 (GCTAGAATTCCCTGAGGTTCTTCTCGT
GCCTGATA) /P2 (AGCCGGATCCTTAGTGTTCGAA
CATGGCAGAGATC) K H 5Lk E. coli M-18
(SG™2-TA™+HisHx") /] his operon ., zwf Fl prs FHEK &
H E R 74, oK R B his operon JE[E PCR
P8 ROV AR R BARFCR 50 ul, RN AR 94 C
2min, 94 °C 20s, 55 °C 30's, 68 ‘C 6 min, 3£ 25 M
¥£; 68 °C 10 min. DNA JBeny [l i) | 2lifk . 52
PRI | AL SRS DL SR 6]
1.3.4  his operon. zwf #= prs X B & LI% 5 0l 5

I PCR j=4) 5 uL 78 1% N AREE S A T Tk
RO, f ] DNA SR [T 4wl , B9 B
%5 pMDI9-T Simple #IAR%E 4%, i = Wik ik
E. coli DH5 ¢ J&Z 3, 7E & IPTG (24 mg/mL) il X-gal
(20 mg/mL) i) Amp' (100 pg/mL) ) LB 4 | 37 C
K57 16 h, BEPLPRGE 9 G TE 31T PCR; IR
PR ) 55 uE , 15 %) 8 4 it k. pMD19-his-operon
pMD19-zwf Fl pMD19-prs , FEA47 I Fe F1 751 7347
135 E@FkeME

FABREE N VIEE BamH1 BEFD) S 4 FOR, pMD19-
his-operon, ik B )5 , 5 pUC118 BamHI/BAP %
3 S B i s R R AL, iR ik SRk E. coli
DHS5 o3z A5 AL, 762407 75 B R Ui Pk b ik %
b7, Pk sva i, SEEUTOR:, B DI%E . RGN
VIl BamHU F1 Sphl X} B4R pMD19-zwf K J5k
pSTV28 XY, FABR T N VI EcoRT Al BamH1 %}
AR pMD19-prs K5tk pSTV28 G, Tfg



+ 8

WHEERS UK ISR B, #5 Bkl DNA 5 H 5
HY RN 1 4 HATiE AL, fhtik b
E. coli DHS5 o523 UML , 76 & 55 R Pk AR i ik
efb -, BEMLPRECR Y5 1 TIRVE PCR Bk, JFE& 5T
WA RS0 E .
1.3.6 ZARK BE

Pl 35 5% : 500 mL P44 A 30 mL, 9
B2 A O, 2 UK 200 r/min 32 ‘CHiFE 12 ~
15 h.

PRI AT : % 10% M3 S AR A
4 27 mL 1) 500 mL £/, #2K 200 t/min. 32 C
K% 36 h. REEBIMIAMINZKIE S pH 7E 7.0 A47,
AN 60%HIZTHE , (1 HAERFAE 1% ~ 2%.
1.3.7 57k

KR BORAR T RGN E LR =l

I

2 HERE5HMW

2.1 ASBENEIIRTERTHRAFE

FIFH NTG % K Btk E. coli M-17 (SG") #E 775
ARG IR RIS A 2-TA (3 g/L) AFEA B F7 3%
B GRS 11 BRRERE LRI RSk, 7EIX 11
PRTR H 16 s IS /R E. coli M-17(SG" + 2-
TA") N FRRIEAS A L AR, FEEPARIAR N, 24 -4l
GRS IR B A PR A, L2 AR R\ T2 B &K
PR LIRS RS . BN, S RORIRINES 14
fiti ATP-PRT f& L-ZH %R Wik ta i Bk e , s 1
SZRNA ) LA R S, i e T2 4

M 1 2 3 M 1 2 3

10 000 bp
6000 bp

3000 bp

1000 bp B

(a) pUC118-his-operon

(b) pSTV28-zwf
E2 ZBHRNMEINIE

Fig.2 Identification of recombinant plasmids by digestion

W4 T2 Bk pUCT18-his-operon ., pSTV28-zwf
pSTV28-prs I pSTV28-zwf-prs 43 B 2 55k E.
coli M-18, 19 F| T4 TR M-19 (SG'+ 2-TA'+His
Hx'/pUC118-his-operon) MZH-19 (SG'+ 2-TA"+HisHx'"/

ARBEALEER ok Haly

FREE RSP ERRIC T AR BR L4 FR %) ATP-
PRT (S i mi™. 39750k E. coli MTA-17 (SG'+2-
TA" FRIEAS, [AFEJT A0 1ES 2] HisHx (10 g/L) 1)
BiVERAERR E. coli M-18 (SG'+2-TA+ HisHx") , {H /&
RS RI L 2 R R B B B .
2.2 his operon.zwf #1 prs EE R PCR ¥ 18

DLHE EC 28 A MR M-18 1 3 IR 4 oA R A
H1/H2.Z1/Z2 F1 P1/P2 5953 4 3 o Wi ki iy
his operon ., zwf il prs FE[A, PCR F=¥)4 1%Bi g MiEE
e KA, A5 SR ANE 1 B, 7EZ 7500, 1 500,
1000 bp 24 H 451, 5 B/ IHFT.

M 1 M 1 M 1

E b 7 461bp
et

1500 bp ! - N14760D
P
(=]

id 1000 bp

6000 bp

948 bp

(a) his operon FE[H  (b) zwf &
M. 1 000 bp DNA ladder
E 1 PCR¥yELER
Fig.1 Results of PCR amplification

2.3 HARNHNEEREEBYINIE

e rid: 1.3.5 Ay 2 Ok, XS B sE R A T
FR A 1 W00 2 A, S5 ORANE 2 B, E 4L UKL
pUC118-his-operon ., pSTV28-zwf . pSTV28-prs Hi
pSTV28-zwf-prs AV 5 5 WK /IMESRT , FIHEH
JEORE AR L.

() prs LA

M 1 2 3 4

6000 bp W
3000bp @ 1] W

1000 bp 5

(c) pSTV28-prs (d) pSTV28-zwf-prs

pSTV28-zwf/pUC118-his-operon) MPH-19 (SG'+2-
TA+HisHx'/pSTV28-prs/pUC118-his-operon F1 MZPH-
19 (SG™+2-TA™+HisHx"/pSTV28-zwf-prs/pUC118-his-
operon) .
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BMAh, S5 R L-21AR A5 R B o SO TR L2 5™ B 2R *9-

24 IREERERLE
BEHTRE E. coli M-19 E. coli MZH-19 . E.

coli MPH-19 _E. coli MZPH-19 FI%} ¥k E. coli M-18
TR L B 36 h, MISE L- ARy i, 450Kl 3
PR,

FER (gL

M-18 M-19 MZH-19 MPH-19 MZPH-19
T B
B3 FREEHE L-HARBREMAE 36 hf"ErttE
Fig.3 Production of 36 h flask-shaking fermentation of L-
histidine

& 3 ATAl, TR E. coli M-19 . E. coli MZH-
19.E. coli MPH-19 . E. coli MZPH-19 Y L-4H % 2"
X BEARAR LG, 234 T 4.5.5.14.5.78.8.43
fi5. THEH E. coli M-19 WER4 ORI T LA
his operon FE[H, L1 R w4 & , I K Ry
PR T ILAE R BT R P 048 DLESOR I e S 0 g 1 3
Pk, zwf FEH 9D G-6-PDH J& HMP 42 (1) PR %
fity, TFEE E. coli MZH-19 1E34 #3X his operon [1]F]
Bf G RIR T zwf FEI, (15 L2 miE i,
HEM L R A THEE E. coli MZH-19 ) HMP &4 AH
XHiEER, H G-6-PDH ik~ T Kt NADPH #il
H', AR A SR BHA R T, Rl L4128
FA R HE T EAMA. TR E. coli MPH-19 L3k
T his operon il prs JEH , 15 L4 &R ¢,
WM ILIT A prs SER I 2k L- AR A BT
BT W ZETAY) T PRPP. TR E. coli MZPH-
19 3K T his operon Fl zwfprs, {15 L-2H &R =&
PR, R R L& R A R AR
HE——HMP i&f83408, AP i PRPP ¥4 2, H% M
(BRI 1] 5 B L2 BRI 5 17 4347

3 & iF

LRI AR AR B, R 2 2%,
PR SHG 3 o] 5 71 B — b 8 7 45 A A B P 5 7 kO
NEERITHE RN G L L-2H AR A, v
MR R MR A TS 15 G Y7528 T ik A
RN TRME G M T B E L-HE MmN T

WL, X RIGFEE L AR ED A AR 2217
T, R (NTG) 548 E. coli M-
17 (SG") , MR TH: 2-TA #1 HisHx #tA&FRic, 155
RARKK E. coli M-18 (SG" + 2-TA" + HisHx") , LI 42 H
(275K E. coli M-18 JERAL JAsiAz , FFH PCR £2 AR
P SRR AN AR T2, TR s 123
pUC118 ik I, i FKE A A RA Y& st Eag—
FYEEZR, Wi AR 2 R, i TEA R
pUC118-his-operon 7£ 11 000 bp ZiA7, ARSI T4)
T AW E e, BB T 59 — A 0T LA 25 19 ik
pSTV28 ATt —ayltad, H pSTV28 FUkLAYHE Il
BUEAR, EA R TR AR AR T 2
TR BB pSTV28 (1T R pl5A)
A pUCHI8 (K 7K pMB) X L-HZARA=M14H i
WRIEAT T s, 93T L-HARED &
B AR AR ) G R S i S R 2wy RS B
L-HAFRIHIAYI T PRPP (1) prs FEA. Hs2ie sl 1
ZBH, TR B LR T AR E. coli MZH-19 . E. coli
MPH-19 Fl E. coli MZPH-19 5%} Ra#E AL, L-2H%
B i IR T 5.14.5.78 . 8.43 135, R XKL 2
SRS AT i — R L2 2R Y

SE k-
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