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Influence of expressing IrrE from Deinococcus radiodurans
on osmotic stress tolerance of succinate-producing
Escherichia coli

Xinggui Zhu?, Mingke Wu?, Jiangfeng Ma®, Youjun Gao?, Meili Chen*, and Min Jiang

1 State Key Laboratory of Materials-Oriented Chemical Engineering, College of Biotechnology and Pharmaceutical Engineering,
Nanjing Tech University, Nanjing 211816, Jiangsu, China
2 Changmao Biochemical Engineering Company Limited, Changzhou 213034, Jiangsu, China

Abstract: Hyper-osmotic stress is one of the key factors that decrease the efficiency of biological succinic acid
production. To increase the osmotic stress tolerance of succinate-producing Escherichia coli, we studied the influence of
IrrE, an exogenous global regulator, on cell osmotic stress resistance. Fermentation results showed that cell growth and
succinic acid production by the recombinant increased under different Na“ concentrations. Meanwhile, the maximum dry
cell mass, glucose consumption and succinic acid concentration increased 15.6%, 22% and 23%, respectively, when
fermented in a 5-L bioreactor. Expressing IrrE improved cell resistance to hyper-osmotic stress. Further comparison of
intracellular osmoprotectants (trehalose and glycerol) concentrations showed that trehalose and glycerol concentrations in
the recombinant increased. This suggested that introduction of IrrE could enhance intracellular osmoprotectants

accumulation which conferred cell with improved resistance to osmotic stress.

Keywords: osmotic pressure, global regulation, IrtE, succinic acid

Fang
pH 31 0.7 mol/L
NaCl CHO050
66 g/L 37.5% a
(EMS)
Leel!! Fang[z] 1
Anaerobiospirillum 35.8 g/L 37.7%
succiniciproducens
Actinobacillus succinogenes NacCl
4 g/L 0.5 mol/L Andersson !
(150 g/L)
32h Fang U

A. succinogenes

25 mmol/L
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A. succinogenes NJ113
56.2 g/L
22.2%

(Global transcription machinery

engineering)

CRPIE-10] sptlS[”'lz] . [13]

IrrE Deinococcus
radiodurans [14]
400 (3] IrrE
[16]
[17-18]
[19]
Zymomonas mobilis IrrE
14.59 g/L
66.7%"" Escherichia coli
IrrE
(PDC) (ADH)
[21]
39.63 g/ 34.53 g/L
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14.7% 26.3%
BER208
IrrE
IrrE
IrrE

1 wBEF®
1.1 H#k

Escherichia coli BER208 CCTCC

NO: M2012351%%
E. coli AFP111 (F+ A- rpoS396 (am) rph-1/\
(pfIB: : Cam) IdhA: : Kan ptsG) ARTP

Escherichia coli DHS5a: F-¢80dlacZAM15
A(lacZYA-argF)U169 deoR recAl endAl
hsdR17(rk-, mk+) phod supE44 A~ thi-1
gyrA96, reldl

1.2 EHFE

JSM 3 g/ Na,HPO, 12H,0
4 g/L KH,PO, 8 g/L (NH4),HPO, 8 g/L
NH,Cl 02 g/L  (NH4),S0; 0.75 g/L
MgSO,7H,0 1 g/ CaCl2H,0 10 mg/L
ZnS04-7H,0 0.5 mg/L  CuCly-2H,0 0.25 mg/L
MnSO,-H,0 2.5 mg/L  CoCly 6H,0 1.75 mg/L
HiBO; 0.12 mg/L  Al(SO4); 1.77 mg/L

Na,Mo0O,:2H,0 0.5 mg/L 16.1 mg/L
121 C 15 min B; 20 mg/L
2 mg/L
13 A&
1.3.1 IrrE
NCBI groE )
Primer 5 1
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*1 519F5
Table 1 Sequences of Primers
Primer

Primer sequence (5'-3")
name

P1 GGATACCCCCATTCCCCGTCC
GACGTTGGCACTGGGCACGTG

P2 GGGTCCTCCTGTG
P CACTCACAGGAGGACCCCAC
GTGCCCAGTGCCAACGTC

P4 GTTCACTGTGCAGCGTCCTG

DNA
DNA
10 min 94 C
3min 30

Over-lap PCR
PCR 94 °C
45s 59 °C 45 s
72 C

72 °C
10 min groE  irrE
3 PCR

T-A
pMD19-T PCR
IrtE

groE pMGl1
IrrE pMGl-irrE
1.3.2
-80 C 1%

5mL 37 °C 200 r/min

1% 100 mL JSM
37 °C 200 r/min 6h

500 mL

1.3.3
1% 30 mL
ISM CO,
200 r/min 37 C 48 h

2 min

1.3.4
5L (
) 10%
37 C  20% Na,CO; pH

B 010-64807509

6.8 200 r/min 30 g/L
5¢g/L 30 g/L

1.35

(Spectrumlab752S) 600 nm
DCW=0Dg,x0.4

(SBA240C )

Prevail Organic Acid

25 mmol/L KH,PO4 (pH 2.5) 1.0 mL/min
215 nm
B4 1mL 4°C
12 000xg 10 min 2
700 W
60 s 30s 6
1 mL lh
-80 C
[24]
Aminex - resin-based  (Bio-Rad )

65 C
0.800 mL/min

5 mmol/L H,SO,

2 BREMT
21 IrrE EEKBTRAMEEMEE
P1 P2 groE
T-A pMD19-T
pMGl1 P3
P4 2 irrE P1
P4 3 groE-irrE
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T-A pMGl-irrE 22.6%
pMDI19-T MI13F/M13R PCR IrrE BER208
Kpn 1 Na"
IrrE 1 IrrE
. = s IrrtE
2.2 BINITEXEHRERRRNETIRE TR "
F KR BR B0 B frr
NaCl
+ . A B
Na E. coli BER208 bp M 1 bp I M bp
2 Na" 3620 4000
E. coli BER208
0.5 mol/L Na" 2000
0.53 g/L 3.51 g/L 0.3 mol/L Na" 1000 1200 bp
76% 400
83% 20 200
IrrE Na'
1 IrrE RIERAEEMNLEE
. Fig. 1 The construction and identification of
0.5 mol/L Na IrrE-expressing plasmid. (A) Gel electrophoresis of
BER208/pMG1-irrE groE-irrE  fusion fragment. 1: groE-irrE fusion
fragment 1 200 bp; M: DL5S 000 marker. (B) The
identification of IrrE-expressing plasmid by Kpn 1
42 4.4 digestion. M: 200 bp marker.

2 JEBE E. coli BER208/pMG1 F1ELAE E. coli BER208/pMG1-irrE ZE AR [E Na' iR E TREABER
Table 2 The anaerobic fermentation results of E. coli BER208/pMG1 and E. coli BER208/pMG1-irrE under
different Na" concentration

. Na' concentration DCW Consumed Product (g/L) . a
Strains glucose Yield (g/g)
(mol/L) (/L) (e/L) Succinate Acetate Pyruvate

0.3 2.21+£0.31 25.02+0.65 20.21+0.32 1.81+0.21 1.34+0.32 0.807

BER2

MG1 08/p 0.5 0.53£0.11 5.75+0.32 3.51+£0.43 0.39+0.02 1.3+0.08 0.610
0.7 0.31+0.05 3.75+0.34 2.04+0.34 0.32+0.01 0.57+0.34 0.544
0.3 3.21+£0.24 32.23+0.23 28.17+0.92 2.08+0.21 1.21£0.22 0.874

BER208/p

MG1- 0.5 2.234+0.05 20.75+0.43 15.52+0.72 2.89+0.32 1.66+0.34 0.748

irrE

o 0.7 0.47+0.23 8.0040.23 4924033 121+0.03  1.28+0.63 0.615

a: yield is defined as the percentage of the concentrations of succinic acid in consumed glucose. Each value is the mean of three
parallel replicates + standard deviation.
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23 IrrE WEHEA S IR AERSIEPR A leo
A 2k .
15
5L 1 ~
3 1405
K 120 8
2 85h = Ir 130 E
23 gL 72 oL = 120 2
“o- DCW-BER208/pMG
532 g/L 0.736 g/g ol o DCW-BER208/pMG1-irrt; | 10
-& Succinate-BER208/pMG1
- Succinate-BER208/pMG1-irrk 0

0 8 16 24 32 40 48 56 64 72 80 88

15.6% 22%  23%
t (h)

>0h -0 Glucose-BER208/pMG1
-0- Glucose-BER208/pMG 1-irrE
B 3sp - Acetate-BER208/pMG 110
50h 30 [ -# Acetate-BER208/pMG1-irrk
- 18
BER208 25+
. 3t 3
BER208/pMG1-irrE o120 16 =
P I
Z 5| 2
=N 143
O 10t <
IrrE T 12
OF O
= 1 1 1 1 1 1 1 1 O
0 8 16 24 32 40 48 56 64 72 80 88
t (h)
IrrE C [ o Pyruvate-BER208/pMG1 12.0
6 -0~ Pyruvate-BER208/pMG 1-irrE 118
| - Fumarate-BER208/pMG1 :
5 | -&- Fumarate-BER208/pMG1-irrE 41.6
- 1’ 152
24 SIN IrrE MEKBEAEEEEHESE 2 1122
s 3r 11.0 5
SR A
= 10.8 £
- 2+ =]
= 106 =
Lr 104
DNA of 102
0.0

8 16 24 32 40 48 56 64 72 80 88
t(h)
[25-28]

2 XHEE E. coli BER208 FiE4H & E. coli
BER208/pMGI1-irfE £ 5 L A B¢E— S RE AL R

IrtE Fig. 2 Exclusive anaerobic fermentation results of
E. coli BER208 and E. coli BER208/pMGl-irrE in 5 L
fermentor. (A) DCW and succinic acid. (B) Consumed

3 glucose and acetate. (C) Pyruvate and fumarate.
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A 08¢ 49.5h
071 —o— BER208/pMG 1 8.29 g/g DCW 3.8
) —o— BER208/pMG1-irrE
5 S 061
<
£2 sl ) e
5 20
::: %D 04F IrrE
ER:
g2 03r
R
021 IrrE
0.1 i 1 1 1 1 1 1 1 1 1 (glpABC gl]?Q)
10 20 30 40 50 60 70 80 90
]
‘) (glpT)
otsBA
B 0. ( )
- (treBC)
L —— BER208/pMG1
— 8 P IrrtE
g § —o— BER208/pMG1-irrE
23 o
o0 o
Em
2z 4r
B85
==
£38 2r
or 3 i
10 20 30 40 50 60 70 80 90
t(h)
" . " . irrE
3 XBE E. coli BER208 fAZE4H&E E. coli
BER208/pMG-irrE BIPiEiERE (A) RHEMIKE E. coli BER208
(B) Xftk 5L IrrtE
Fig. 3 The intracellular concentration of trehalose (A) E. coli BER208 Na*
and glycerol (B) in E. coli BER208 and E. coli
BER208/pMG 1 -irrE.
15.6% 23%
. IrrE
41.5h Na
1.3
3.8 IrrE
41.5h
0.69 g/g DCW
1.3 REFERENCES
[1] Lee PC, Lee WG, Lee SY, et al. Effects of
medium components on the growth of
375 h Anaerobiospirillum  succiniciproducens and

http://journals.im.ac.cn/cjben



%

F/RIEMBEHRERE IrrE EAXNFT ZBRABTEMZSEENZID 1379

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

B

succinic acid production. Proc Biochem, 1999,
35(1/2): 49-55.
Fang XJ, Li J, Zheng XY, et al. Influence of
osmotic stress on fermentative production of
succinic acid by Actinobacillus succinogenes.
Appl Biochem Biotechnol, 2011, 165(1):
138-147.
Fang XJ, Li J, Zheng XY, et al. Enhancement of
succinic acid production by osmotic-tolerant
mutant strain of Actinobacillus succinogenes.
World J Microbiol Biotechnol, 2011, 27(12):
3009-3013.
Xu M, Zheng P, Ni Y, et al. Breeding of
Na'-tolerant ~ mutants  of  Actinobacillus
succinogenes. Ind Microbiol, 2008, 38(5): 7-11
(in Chinese).

, 2008, 38(5):
7-11.
Andersson C, Helmerius J, Hodge D, et al.
Inhibition of succinic acid production in
metabolically engineered Escherichia coli by
neutralizing agent, organic acids, and osmolarity.
Biotechnol Progr, 2009, 25(1): 116-123.
Purvis JE, Yomano LP, Ingram LO. Enhanced
trehalose  production improves growth of
Escherichia coli under osmotic stress. Appl
Environ Microbiol, 2004, 71(7): 3761-3769.
Qiao ZX. Application of global transcription
machinery engineering in metabolic engineering.
Lett Biotechnol, 2009, 20(5): 689-691 (in
Chinese).

. , 2009, 20(5): 689-691.

Zhang HF, Chong HQ, Ching CB, et al.
Engineering global transcription factor cyclic
AMP receptor protein of Escherichia coli for
improved 1-butanol tolerance. Appl Microbiol
Biotechnol, 2012, 94(4): 1107-1117.

Chong HQ, Huang L, Yeow JW, et al. Improving
ethanol tolerance of Escherichia coli by rewiring
its global regulator cAMP receptor protein (CRP).
PLoS ONE, 2013, 8(2): e57628.

Zhang HF, Chong HQ, Ching CB, et al. Random

010-64807509

mutagenesis of global transcription factor cAMP
receptor protein for improved osmotolerance.
Biotechnol Bioeng, 2012, 109(5): 1165-1172.
Alper H, Moxley J, Nevoigt E, et al. Engineering
yeast transcription machinery for improved
ethanol tolerance and production. Science, 2006,
314(5805): 1565-1568.
Liu HM, Xu L, Yan M, et al. gTME for
construction of recombinant yeast co-fermenting
xylose and glucose. Chin J Biotech, 2008, 24(6):
1010-1015 (in Chinese).
, , , .gTME
, 2008,

24(6): 1010-1015.
Alper H, Stephanopoulos G. Global transcription
machinery engineering: a new approach for
improving cellular phenotype. Metab Eng, 2007,
9(3): 258-267.
Udupa KS, O'Cain PA, Mattimore V, et al. Novel
ionizing radiation-sensitive mutants of
Deinococcus radiodurans. J Bacteriol, 1994,
176(24): 7439-7446.
Chen Z, Zhou ZF, Zhang W, et al. Research
progress of the global regulator IrrE in
Deinococcus radiodurans. Curr Biotechnol, 2013,
3(3): 179-184 (in Chinese).

IrrE . , 2013,
3(3): 179-184.
Gao GJ, Bing T, Liu LL, et al. Expression of
Deinococcus radiodurans Pprl enhances the
radioresistance of Escherichia coli. DNA Repair,
2004, 2(12): 1419-1427.
Pan J. Salt tolerance and transcription profiling of
Escherichia coli harboring the irrE gene, a global
regulator of radiation resistance [D]. Beijing:
Chinese Academy of Agricultural Sciences, 2009
(in Chinese).

irrk
[D].
, 2009.

Zhou ZF. Gobal regulation of the enhanced salt
stress resistance FEscherichia coli by IrtE, a
Deinacoccus

transcriptional ~ regulator  of

K cjb@im.ac.cn



1380 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech October 25,2016 Vol.32 No.10

[19]

[20]

(21]

[22]

[23]

radiadurans [D]. Beijing: Chinese Academy of
Agricultural Sciences, 2011 (in Chinese).
IrrE
[D].
: ,2011.

Trape S. Impact of climate change on the relict
tropical fish fauna of central sahara: threat for the
survival of adrar mountains fishes, mauritania.
PLoS ONE, 2009, 4(2): e4400.
Zhang Y, Ma RQ, Zhao ZL, et al. irrE, an
exogenous gene from Deinococcus radiodurans,
improves the growth of and ethanol production by
a Zymomonas mobilis strain under ethanol and
acid stress. J Microbiol Biotechnol, 2010, 20(7):
1156-1162.
Ma RQ, Zhang Y, Hong HZ, et al. Improved osmotic
tolerance and ethanol production of ethanologenic
Escherichia coli by TrrE, a global regulator of
radiation-resistance of Deinococcus radiodurans.
Curr Microbiol, 2011, 62(2): 659-664.
Jiang M, Wan Q, Zhang CQ, et al. Strain capable
of producing succinic acid, method for producing
succinic acid and application thereof: China,
CN102864113A. 2013-01-09 (in Chinese).

, CN102864113A.
2013-01-09.
Meima R, Rothfuss HM, Gewin L, et al. Promoter
cloning in the bacterium
2001,

radioresistant

Deinococcus radiodurans. J Bacteriol,

http://journals.im.ac.cn/cjben

[24]

[25]

[26]

[27]

(28]

183(10): 3169-3175.

Liu HJ, Zhang JA, Liu DH. Study on analysis and
accumulation of intracellular glycerol and
trehalose of Candida krusei. Mod Chem Ind, 2010,
30(S2): 110-113 (in Chinese).

s s

2010, 30(S2): 110-113.

Brown AD. Microbial water stress. Bacteriol Rev,
1976, 40(4): 803—-846.

Kempf B, Bremer E. Uptake and synthesis of
compatible solutes as microbial stress responses to
high-osmolality environments. Arch Microbiol,
1998, 170(5): 319-330.

Rengpipat S, Lowe SE, Zeikus JG. Effect of
extreme salt concentrations on the physiology and
biochemistry of Halobacteroides acetoethylicus. J
Bacteriol, 1988, 170(7): 3065-3071.

Wood JM, Bremer E, Csonka LN, et al
Osmosensing and osmoregulatory compatible
solute accumulation by bacteria. Comp Biochem
Physiol Part A Mol Integrat Physiol, 2001, 130(3):
437-460.

Zhang Y, Liang M, Liu DH. The metabolism of
trehalose and intracellular glycerol in Candida
krusei responsing to high osmosis. Chin J Biotech,
2001, 17(3): 332-335 (in Chinese).

E} >

, 2001, 17(3): 332-335.

(R334 MIETT)



