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Abstract The differences in metabolism in Escherichia coli DH5a and its acetate-tolerant mutant DA19 were analyzed based on
the activity of key enzymes involved in central metabolism when both strains were continuously cultured in nitrogen source-limited
defined media. The activity of glucose-6-phosphate dehydrogenase GO6PDH and isocitrate dehydrogenase ICDH in DA19
increased as compared with those in DH5a  while acetate kinase ACK and phosphofructosekinase PFK  decreased. These
indicated that more carbon flux of DA19 entered the phosphopentose pathway PPP and less entered the glycolytic EMP

pathway and acetic acid production Ack-Pta pathway. Therefore the differences in activity of key enzyme coincided with
increased cell yield based on consumed glucose Yy,; and decreased production of acetic acid and pyruvate of DA19. G6PDH
and ICDH in DH5a were up-regulated by addition of adenine while ACK and PFK were down-regulated. On the other hand

adenine had little effect on those in DA19. The enzymes except PFK in both strains were down-regulated by sodium acetate

especially the activity of ICDH in DH5a. These results suggested changed flux of central metabolic pathways were also consistent

with the changes of growth properties and byproducts formation.

Key words Escherichia coli continuous culture acetic acid enzyme activity
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Table 1 The metabolic performances of DH5o and DA19 continuously cultured in defined media

Medium Strain D X Acetate Yxic Q¢ Yax Qx Yxnma Yorx Qo Yewx

m' I gL I gL gs lgsh Jgs lsegh Igs lgs lszh /s

MN DH5«a 0.13 0.638 0.496 0.181 0.708 0.777 0.099 2.304 1.477 0.189 0.058
DA19 0.13 0.632 0.332 0.223 0.600 0.525 0.070 2.297 0.820 0.110 0

MNAd DH5a 0.13 0.625 0.361 0.197 0.666 0.577 0.076 2.316 1.502 0.197 0.066
DA19 0.13 0.618 0.333 0.219 0.612 0.539 0.072 2.331 1.287 0.172 0

DH5a 0.16 0.626 0.466 0.200 0.815 0.745 0.121 2.303 0.891 0.145 0.099
DAI9 0.16 0.632 0.350 0.226 0.742 0.555 0.093 2.209 0.515 0.086 0
MNA DH5a 0.13 0.573 0.255 0.178 0.755 0.445 0.060 2.249 2.360 0.316 0
DA19 0.13 0.530 0.200 0.203 0.642 0.378 0.049 2.254 1.047 0.136 0

2.2 DH5a DAI19 EMP PPP
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Fig. 2 The activities of key enzymes in DHSa and DA19 continuously cultured in defined media
The solid columns denote the activities of key enzymes in DH5a  the blank columns denote the activities of
key enzymes in DA19. The activity of every key enzyme was the ayerage of thlee medsurenlents
O PERZRHBEVARIIAHNRKSHER http://journals. im. ac



900

Chinese Journal of Biotechnology

2007 Vol.23 No.5

NADH
MNAd
PFK
ppPP
ACK
TCA

14 21

MNAd

MN
DHS5a  DA19 G6PDH
EMP
TCA

G6PDH  ICDH

DAI9 DHS5«a

DAI19

DH5a
EMP

G6PDH

ICDH
EMP

DA19
DA19

DH5«a DA19

MNA
PFK

ICDH ACK

DH5a

PFK  ACK
DA19

DAI19

MNA

Polen %

Polen

K-12
G6PDH  6PGDH
DH5a
PPP
PFK

TCA

DA19

ICDH

PP

2324

DA19  G6PDH

ACK

DH5a

DH5a
DH5a DH5a

DA19

DA19

G6PDH  ICDH ACK

DH5a

DH5a PFK
PPP
DH5a G6PDH
ICDH PFK  ACK
DA19
DH5a
MN

G6PDH ICDH

PFK
ACK

DAI19

REFERENCES

1 Peng L. Shimizu K. Global metabolic regulation analysis for
Escherichia coli K12 based on protein expression by 2-dimensional
Applied

electrophoresis  and activity  measurement .

163 - 178.

enzyme
Microbiology and Biotechnology 2003 61

2 Zhao J Tomoya B  Hirotada M. Analysis of metabolic and
physiological responses to gnd knockout in Escherichia coli by using
C-13 tracer experiment and enzyme activity measurement. FEMS
Microbiology Letters 2003 220 295 —301.

3 Kabir MM Shimizu K. Metabolic regulation analysis of icd-gene
knockout Escherichia coli based on 2D electrophoresis with MALDI-
TOF mass spectrometry and enzyme activity measurements. Applied

Microbiology and Biotechnology 2004 65 84 —96.

4 Lee SY. High cell density culture of Escherichia coli. Trends in

Biotechnology 1996 14 98 —105.

5 Brown SW  Meyer HP Fiechter A. Continuous production of
human leukocyte interferon with Escherichia coli and continuous cell
Applied  Microbiology and

lysis in a two stage chemostat.

Biotechnology 1985 23 5-9.
6 Zhu CQ

Ye Q . Selection of acetate-tolerant
mutants from Escherichia coli DH5a and the metabolic properties of
mutant DA19. Acta Microbiologica Sinica 2003

43460 - 465.
7 Zhu CQ

. Research on selection and metabolic properties
of acetate-tolerant mutants from Escherichia coli DH5a. Shanghai
East China University of Science and Technology

© h ERE R 4D 5T RO I S R R T

http://journals. im. ac. cn



DH5« DA19

901

10

11

12

13

14

15

16

17

Han Y

. Fed-batch culture of acetate-tolerant Escherichia
coli for secretory expression of human epidermal growth factor

hEGF Shanghai
Technology 2005.

East China University of Science and

Bergmeyer HU. Methods of Enzymatic Analysis. Berlin Verlag
Chemie 1983 V3 190 - 196.

Willis A. Methods in Enzymology. New York Academic Press
1982 V90 91-93

Bergmeyer HU. Methods of Enzymatic Analysis. Berlin Verlag
Chemie 1983. V3 183 - 188.

Willis A. Methods in Enzymology. New York Academic Press
1982 V90 179 - 183.

Mariét ] Van der W Michael VG. Environmental and physiological
factors affecting the succinate product ratio during carbohydrate
fermentation by Actinobacillus sp. 130Z. Archives of Microbiology
1997 167 332 -342

Shen T Wang JY

Beijing High Education Press 1990.
Gerstmeir R Wendisch VF  Schnicke S. Acetate metabolism and

. Biochemistry. 2nd ed

its regulation in  Corynebacterium  glutamicum .

Biotechnology 2003 104 99 — 122.
Zhao ] Baba T Mori H. Effect of zuwf gene knockout on the

Journal  of

metabolism of Escherichia coli grown on glucose or acetate.
Metabolic Engineering 2004 6 164 —174.

Giro M Carillo N Krapp AR.
dehydrogenase and ferredoxin-NADP H

Glucose-6-phosphate
reductase contribute to
damage repair during the soxRS response of FEscherichia coli.

Microbiology 2006 152 1119 ~1128.

18

19

20

21

22

23

24

© PERFRMEMHARTATIKSHESR http:

Holms WH. The central metabolic pathways in Escherichia coli
relationship between flux and control at a branchpoint efficiency of
conversion to biomass and excretion of acetate. Current Topics in
1986 28 69-105.

Chang DE  Shin S Rhee JS. Acetate metabolism in a pta mutant of

Cellular Regulation

Escherichia coli W3110 importance of maintaining acetyl coenzyme
A flux for growth and survival. Journal of Bacteriology 1999 181
6656 — 6663 .

Andersen KB von Meyenburg K. Are growth rates of Escherichia
coli in batch cultures limited by respiration  Journal of
Bacteriology 1980 144 114 - 123.

Hochstadt-Ozer J  Stadtman ER. The regulation of purine utilization
in bacteria |l adenine phosphoribosyltransferase in isolated
membrane preparations and its role in transport of adenine across the
membrane. The Journal of Biological Chemistry 1971 246 17
5304 - 5311.

Polen T Rittmann D Wendisch VF et al. DNA microarray
analyses of the long-term adaptive response of Esherichia coli to
acetate and propionate. Applied and Environmental Micorbiology
2003 69 1759 - 1774.

Pease A]  Wolf RE. Determination of the Growth Rate-Regulated
Steps in expression of the Escherichia coli K-12 gnd Gene. Journal
of Bacteriology 1994 176 1  115-122.

Wolf RE Jr Prather DM Shea FM. Growth-rate-dependent
alteration of 6-Phosphogluconate dehydrogenase and glucose 6-
phosphate dehydrogenase levels in Escherichia coli K-12. Journal of
Bacteriology 1979 139 3 1093 - 1096.

journals. im. ac. cn

1SS0S 0000000000000V 000000000 0000000000000 0000000





