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Transformation of phosphotransferase system in
Escherichia coli

Mengrong Xiao, Liang Zhang, Shuangping Liu, and Guiyang Shi

National Engineering Laboratory for Cereal Fermentation Technology, Key Laboratory of Industrial Biotechnology of Ministry of
Education, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: We constructed several recombinant Escherichia coli strains to transform phosphoenolpyruvate: carbohydrate
phosphotransferase system (PTS system) and compared the characteristics of growth and metabolism of the mutants. We
knocked-out the key genes ptsl and ptsG in PTS system by using Red homologous recombination in E. coli and meanwhile
we also knocked-in the glucose facilitator gene glf from Zymomonas mobilis in the E. coli chromosome. Recombinant
E. coli strains were constructed and the effects of cell growth, glucose consumption and acetic acid accumulation were also
evaluated in all recombinant strains. The deletion of gene ptsG and ptsl inactivated some PTS system functions and
inhibited the growth ability of the cell. Expressing the gene glf can help recombinant E. coli strains re-absorb the glucose
through GIf-Glk (glucose facilitator-glucokinase) pathway as it can use ATP to phosphorylate glucose and transport into
cell. This pathway can improve the availability of glucose and also reduce the accumulation of acetic acid; it can also

broaden the carbon flux in the metabolism pathway.

Keywords: Escherichia coli, Zymomonas mobilis, PTS system, glf, Red homologous recombination, metabolic engineering,
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GalP-Glk
GIf
GIf
Red (3]
ptsG ptsl ptsl
glf
1 #HETE
11 ##
111
E. coli W3110 Zymomonas mobilis (ATCC
31821) pKD46 (
A Gam Bet Exo)
PKD13 pCP20

(CGSC E. coli Genetic
Stock Center New Haven USA)!

x1 BERSRA

Table 1 Strains and plasmids

E.coli G1 11 I2
1

1.1.2
DNA EcoR [
Hind III Taq DNA dNTP Mixture Rnase
Fermentas (Amp)
(Cm) (Kan)
L-
Sigma-Aldrich ( )
pMDI18-T Vector
Q5 NEB ( )
OXOID
DNA
1.1.3
LB (/L)
10 g 5g 10 g NaCl
SOB (/L)
20g 5¢g 0.5 g NaCl 0.186 g KCl
0.95 g MgCl, 1.5%

Strains and plasmids

Relevant characteristics

Sources or reference

Strains

E. coli W3110 Wild type This Lab
Zymomonas mobilis ZM4 ATCC 31821 This Lab

E. coli G1 W3110 (AptsG) This research
E. coli I1 W3110 (Aptsl) This research
E. coli I2 W3110 (Aptsl::glf) This research
Plasmid

PKD46 v B exo (Red recombinase), temperature-conditional replicon This Lab
PKDI13 Amp and Kan markers [15]

pCP20 Amp and Cm markers, helper plasmid [15]

cjb@im.ac.cn
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T (/L) 20 g 100 pg/mL 25 pg/mL
10g 2 g KH,PO, 1 g (NHy),SO4 50 pg/mL
1 gMgS0O47TH,O 28 C 37°C
FM 1.14
(/L) 3 gMgS047H,0 3 gKH,PO, 1 gNaCl
5 g (NH4),SO4 [(umol/L) 2
FeCl;-6H,0 8.88 CoCl, 6H,0 1.26 CuCl,-2H,0 12 Bk
0.88 ZnCl,2.20 Na;MoO4-2H,0 1.24 H;BO; 121 DNA
1.21 MnCl,-4H,0; 2.5] [17]
50 g/L 1.2.2 glf
Zymomonas mobilis
10 g/L ( glf (GenBank Accession No. ATCC 31281)
) pH!'¢ IF1  IF2 ( 2)
ptsi

x2 AMRFMASY

Table 2 Primers used in this research

Primers Sequence (5'-3") Size (bp)
TTTAAGAATGCATTTGCTAACCTGCAAAAGGTCGGTAAATCGCTGATGCTATTC

ol CGGGGATCCGTCG o7
TTAGTGGTTACGGATGTACTCATCCATCTCGGTTTTCAGGTTATCGGATTTGTAG

o GCTGGAGCTGCTTCG 70

YGlI ATTCCGGGGATCCGTCG 17

YG2 TGTAGGCTGGAGCTGCTTCG 20
ATGATTTCAGGCATTTTAGCATCCCCGGGTATCGCTTTCGGTAAAGCTCTATTCC

" GGGGATCCGTCG o
TTAGCAGATTGTTTTTTCTTCAATGAACTTGTTAACCAGCGTCATTAACTTGTAG

e GCTGGAGCTGCTTCG 70

YI1 GTTAAACTGATGGCGGAACT 20

YI2 CAGTTTATCGAACAAACCCA 20
GAGTAATTTCCCGGGTTCTTTTAAAAATCAGTCACAAGTAAGGTAGGGTTATGA

r GTTCTGAAAGTAGTC 69

IF2 CGACGGATCCCCGGAATGTCCGCCCGCTTTATAC 34

Kanl1 GTATAAAGCGGGCGGACATTCCGGGGATCCGTCG 34
TTAGCAGATTGTTTTTTCTTCAATGAACTTGTTAACCAGCGTCATTAACTTGTAG

Kani2 GCTGGAGCTGCTTCG 70

The underlined part is the homologous sequence of underknock-out gene.
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IF1 IF2 PCR PCR
ddH,O 38.5 uL  10xEx Taq 5 uL
dNTPs 4 uL 1 uL 1 uL
Ex Taq 0.5ul PCR 95 °C
5min 94 °C 30s 55°C 30s 72°C
90s 30 72 C 10 min
PCR
pMD18 T-Vector JIM109
LB Hind III EcoR I
123 PCR
PKDI13
Q5 PCR
PCR ddH,O0 33.5 uL 5xQS5
10 uL dNTPs 4 uL 1 ulL
1uL Q5 0.5uL PCR
98 C 30s 98°C 10s 60 °C
30s 72°C 45s 30 72 C
2 min PCR
124
PKD46 10 uL
100 pL
1 mm 1800V
1 mL SOB 30 C 2-4 h
Kan

pCP20

PCR
37 C

1.25
E.coliGl 11 I2
SmLLB 37 °C 200r1r/min

70 mL FM 37 °C 200 r/min
600 nm
1.2.6
SOB 37°C
200 r/min 8h LB
37 ‘C 200 r/min 10 h
6L
5% 50 g/L
1 L/min 200 r/min
(1-7 L/min)
(200—1 000 r/min) 30%
10% (V/V) pH 7
37°C 60 h
1.2.7
SBA-40C ( )
HPLC SHIMADAZU
LC-10AT Dionex UltiMate Autosampler
3000 Shodex SH1011 Shodex
RI101 0.01 mol/L H,SO4 0.8 mL/min

cjb@im.ac.cn
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2 BREAM
21 HBYEEMERK

PCR E. coli G1
YG1/YG2 E.colil1
YI1/YI2 PCR (1 YG1/YG2
1 700 bp
G1’ (AptsG::kan) 1 600 bp
Gl 650 bp Gl ptsG
ptsl YI1/Y12
1 700 bp ( 2)
bp
10 000
5000
4000
3000
2 000
1500
1000
500

1 ptsG EEERKE AT PCR £ E Bk EIE

Fig. 1 PCR identification of ptsG knockout mutant.
M: 1 kb ladder marker; 1: W3110 PCR product; 2: G1°
(AptsG::kan) PCR product; 3: Gl (AptsG) PCR
product.

http://journals.im.ac.cn/cjben
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2 ptsl EERKERA PCR £ ik E %
Fig. 2 PCR identification of ptsl knockout mutant.
M: 1 kb ladder marker; 1: W3110 PCR product; 2: 11’
(Aptsl::kan) PCR product; 3: 11 (Aptsl) PCR product.
I 1’ (Aptsl::kan) PCR
1 400 bp FRT

I1 200 bp
I1 ptsl
ptsG ptsl
E.coliGl 11
22 MNEERERGHRELHESRE
3 ptsl’::kan-glf
glf
ORF ptsl
ATG glf
glf ptsl
ORF

PCR
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E. coli 12 YI1/Y12 2 PCR 1 600 bp
PCR « 4 YI1/Y12 12 ptsl glf
1 800 bp 12’
(Aptsl::glf::kan) 3 000 bp ptsl glf E. coli I2
T LacZ alpha fragment
Chromosome from Hind 111 (400)
Zymomonas mobilis { EcoR | (459)
Amp (R) pMD18-T !
2693 bp i
IF1 glf 1F2 "
- /
: pUC origin
glf
1472 bp
kanll
rrnB transcrlptlon FR
Hllrléci I (400) kan (R)
Amp (R)
pPMDI18-T-gIf Amp (R) 3pff331b3
4165 bp _" P
/\ 35-nt FRT
pUC origin \
\\ P2 R6K gamima kale\
Lambd:
EcoR T (1930) \ ambda i TG

FRT
IF1 glf TF2 anil kan (R) kenl2
: ‘ / : l
A glf . kan
1472 bp (1528 g

1F2
kanll 35-nt FRT
IF1 glf FRT kan (R) kanl2
A
kan
2 846 bp

B3 RIFEELITERE ptsl’::kan-glf B &

Fig. 3 Construction of ptsl’::kan-glf used for homologous recombination.
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bp

10 000 —
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Fig. 4 PCR identification of ptsl knock-out and glf
knock-in mutant. M: 1 kb ladder marker; 1: W3110 PCR
product; 2: 12> (Aptsl::glf::kan) PCR product; 3: 12
(Aptsl::glf) PCR product.

2.3 E.coliW3110. G1. 11 & 12 &L ift4F

fiE L&
231 FM
5 FM
Gl 0.37 g/(h-L)
W3110 (0.42 g/(h-L)) (2.74 g/L)
W3110 (2.34 g/L) 11
0.34 g/(h'L) ( 3) W3110
348 g/L W3110 1.5
11 1l
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glf FM
12
I1
I1
0.63 g/(h'L) 12

4.68 g/LL I1 1.3
glf

( 6
E. coli 12
17.40 g/L (ODggo=45.8)
(ODgpo=25.1)  1.82

232 FM

FM

14 =E coli W3110 -eE. coli Gl
I & F. colill W E. coli12
12} T

—
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—T—

oz 3

0D 600
o]
T
%
|

80 100
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5 BJHKRKBFHE E. coli W3110, G1. 11, 127
ERPHEKER

Fig. 5 The growth curve of recombinant strains E. coli
W3110 and its mutants G1, 11, 12.
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*3 EREABSHILK
Table 3 Comparison of parameters in shake-flask experiments

Strains Biomass Maximum specific Consumption of Concentration of Specific consumption rate of
(g/L) growth rate (g/(h-L)) glucose (g/L) acetic acid (g/L) glucose (g/(h-L))
W3110  2.34+0.21 0.42+0.01 16.52+1.75 6.49+0.65 7.06
Gl 2.74+0.13 0.37+0.00 15.46+1.38 5.74+0.51 5.64
11 3.48+0.22 0.34+0.01 14.07+1.52 3.61+£0.26 4.04
12 4.68+0.19 0.63+0.00 21.99+1.14 1.74+0.18 4.69
50 . .
L B E. coliW3110 ®-E. coli 12
45
40 C
35+ W3110>G1>11>12
_30¢ 12
T 25 |
S ol 687 ¢  W3110 1156 ¢
151 1.7 PTS
10 r GIf
ST
O L N 1 1 " 1 s 1

100 20 30 40 50 60
t(h)

6 ELHABFEE. coli W3110, 1276 L %B
PR EKIER

Fig. 6 The growth curve of recombinant strains E. coli
W3110 and its mutants 12 in a 6 L bioreactor.

Concentration of glucose (g/L)

Concentration of acetic acid (g/L)

50 g/L
7 [18] 3
12>W3110>G1>I1 t(h)
W3110>G1>12>11 ptsl
B 7 F|HXBFE E. coli W3110, G1. 11, 127
ERPeERREIER
glf Fig. 7 Acetic acid production and glucose
consumption of strains E. coli W3110 and its mutants
D (1032 >W3110 (75.4 Gl1,11,12. m, o: E. coli W3110; e, o: E. coli G1; A, A:
(103.29) (754 ¢) E. coli I1; ¥, V: E. coli 12. Solid shape: consumption
W3110 (7.03 g/(h-L))> curve of glucose; Hollow shape: accumulation curve of
12 (4.75 g/(h-L)) acetic acid.
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3 Wit
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response to the specific pathway mutation for
metabolic engineering of Escherichia coli. Comp

Glf Struct Biotechnol J, 2013, 3(4): €201210018.
[2] Xiao MR, Zhang L, Shi GY. Improvements of
Tang [24] ATCC 8739 PTS shikimic acid production in Escherichia coli with
GIf Glk ideal metabolic modification in biosynthetic pathway.
Acta Microbiol Sin, 2014, 1: 002 (in Chinese).
GalP , 2014,
1: 002.
Gt 0.7 g/(h-L) [3] Gosset G. Improvement of Escherichia coli
GalP 30% Glf Glk production strains by modification of the
2.13 g/(h'L) phosphoenolpyruvate: sugar phosphotransferase
system. Microb Cell Fact, 2005, 4(1): 14.
[4] Escalante A, Cervantes AS, Gosset G, et al.
GIf PEP Current knowledge of the Escherichia coli

PTS
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