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Enhanced organic solvent tolerance of Escherichia coli by arcA
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Abstract: [Objective] Gene arcA encoding arginine deiminase from Pseudomonas putida JUCT1 was
integrated into the genome of Escherichia coli IM109(DE3) to enhance its organic solvent tolerance
(OST). [Methods] Using genome of P. putida as template, we amplified arc4 gene and expressed it in
strain E. coli IM109(DE3). Subsequently, arcA gene was integrated into the genome of E. coli
JM109(DE3) by red-mediated recombination to obtain a strain with an inheritable OST phenotype.
[Results] When growing in 2.0% (V/V) cyclohexane, 0.1% (V/V) toluene, 4.0% (V/V) decalin and 0.1%
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(V/V) butanol, the ODgg values of recombinant E. coli IM109(DE3)/pET-20b(+)-arcA could reach
about 0.8, 0.9, 1.8 and 1.3, respectively. [Conclusion] Our results demonstrate that microbial OST
could be enhanced by the expression of arc4 gene. Importantly, this work provides experimental data
and molecular basis for constructing OST bacteria for industrial applications.

Keywords: Arginine deiminase, Red-mediated recombination, Organic solvent tolerance, Pseudomonas

putida, Escherichia coli IM109(DE3)
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Table 1 Primers used in this study

5149 Primer 5|¥)F51 Primer sequence (5'—3")
F-Bgl 11 CAACAGATCTATTCCGGGGATCCGTCGACC (Bg! 1I)
RM-Bgl 11 CTGTCTCTTGATCAGTTCTTGATCCCCTGC
FM-Bg/ 11 GCAGGGGGATCAAGAACTGATCAAGAGACAG
R-Bgl 11 CCAACAGATCTGTAGGCTGGAGCTGCTTCG (Bgl 1)
F-arcA GGAATTCCATATGATGTCCGCTGAAAAACAGAAGT (Nde 1)
R-arcA TCCCCAAGCTTTAGTAGTTGATCGGGTCGCGCA (Hind III)
endA-F CCAAAACAGCTTTCGCTACGTTGCTGGCTCGTTTTAACACGGAGTAAGTGAGATCTATTCCGGGGATCCG
endA-R GGTTGTACGCGTGGGGTAGGGGTTAACAAAAAGAATCCCGCTAGTGTAGGCAAAAAACCCCTCAAGACCC
C-endA-F CTTTCCTGATCTGGCTGATTGCATA
Mid-R GCCGGCTTCGGAGTGGACAC

TE: FRIZONFRAIPERFIOL A

Note: Underlined bold nucleotides: Restriction enzyme recognition sites.
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THER—A~ FRT i BTN, IFLL C-endA4-F F1
Mid-R M55 Kan (K46, S8 EAFEK E.
coli IM109(DE3)(AendA::arcA).
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FIEOMZHEIIE: K ELAE E. coli IM109(DE3)
(AendA::arcA)S5XTHREE E. coli IM109(DE3)435F
37°C. 200 r/min K552, M 1% (IR L) 4%
A B2 35 S U o4 0.2 mmol/L IPTG (Y LB 15 557
e, 30°C. 120 r/min 537 % ODgop H 0.2 B, [7]
GFRFEINA 2.0% ((RFRE) IR C 4 0.1% (RFH L)
2K 4.0% (IRFLER)ZSBEM 0.1% (B HL) T B,
30 °C 4kEE85 5%, FEAE ODggo B WA A KAB I .

2 ZRG5HH
2.1 arcA EEHEHFRIE

E 1 P B AS B SRIET P. putida JUCT1 2&H
Y arcA FERRZIRAIKE, ME 1 HATLIE
arcA FERKEL N 1.3 kb, ZMFHAE, ZEHF
SN TE R IEM B arcA 53K pET-20b(HiEE G FA

E. coli IM109(DE3) ', k13 T.# W E. coli
JM109(DE3)/pET-20b(+)-arcA »

TFEE E. coli IM109(DE3)/pET-20b(+)-arcd %
0.2 mmol/L [ IPTG IS 4 h, E.LUEREKEZ
SDS-PAGE %0l FHRIA L. WKl 2 7N, arcA

kb kb

2.0
1.5

1.0

0.5

B 1 arcA EFABI PCR =)
Figure1 PCR product of arcA
Note: M: Marker; 1: arcA.

kD 1 2

46—

— — 35

—25

2 EHE arcA HERFTIEFY

Figure 2 SDS-PAGE analysis of recombinant expression
of arcA

¥ : M: Marker; 1: E. coli IM109(DE3)/pET-20b(+) %17 S: ) 4
Affl; 2: E. coli IM109(DE3)/pET-20b(+)-arcA 475 S HITUTIE ;
3: E. coli IM109(DE3)/pET-20b(+)-arcA ZESH) Fig; 4: E. coli
JM109(DE3)/pET-20b(+)-arcA 4% S M E4Ml; 5: E. coli
IM109(DE3) A 2175 S () 241 .

Note: M: Marker; 1: Total protein of E. coli
IM109(DE3)/pET-20b(+)  with  induction; 2: E.  coli
IM109(DE3)/pET-20b(+)-arcA insoluble protein after induction; 3:
E. coli IM109(DE3)/pET-20b(+)-arcA soluble protein after
induction; 4: E. coli IM109(DE3)/pET-20b(+)-arcA total protein

after induction; 5: Total protein of E. coli IM109(DE3) without
induction.
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coli IM109(DE3)/pET-20b(+)-arcA {EZM T 2.0%
(RFR )R CUE L 0.1% (IRFR L) H 2K L 4.0% (TRFRLE)
ZEBEA 0.1% (R L) T RERY R AL 53R 8 h s,
H ODgso BRIIRIY 0.2 235 1 FH5] 0.8, 0.9, 1.8 Al
1.3, XHR4 E. coli IM109(DE3)/pET-20b(+)7E 4.0%
(RFHE)ZEBE) ODgso M 0.8, THTE 2.0% (FRFLL)
OHE . 0.1% (R LL) AT 0.1% (IR L) T s
SEAF IR BUBHZ TR B XTIX 4 P HLIE 7Y
HA W20k, R O e (LogP=3.2)
H 2K (LogP=2.5) LA M F M 5 K B9 T % (LogP=0.9) /U
oL

—a E. coli IM109(DE3)/pET-20b(+)

1.0 | —&— E. coli IM109(DE3)/pET-20b(+)-arcA

0 2 4 6 8
t(h
b Yo (h)
' —a— E. coli IM109(DE3)/pET-20b(+)
—8— E. coli IM109(DE3)/pET-20b(+)-arcA
1.5k
£ 10}
3
05
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3 AMAEBHATIX TIEH E. coli IM109(DE3)/pET-20b(+)-arcA 204 1€ 89 8201
Figure 3 Effect of different organic solvent on cell growth of E. coli JM109(DE3)/pET-20b(+)-arcA
TE: A 2.0% (IRFREDIRCLE; B: 0.1% (BRI C: 4.0% (B ZEE; D: 0.1% (IRFRLL) TR,
Note: A: 2.0% (V/V) cyclohexane; B: 0.1% (V/V) toluene; C: 4.0% (V/V) decalin; D: 0.1% (V/V) butanol.
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4 FRT-Kan-T7-arcA Fr ERHIH 18R ENE PCR ik
Figure 4 PCR amplification of FRT-Kan-T7-arcA and verification of insertion gene
[E: M: Marker; 1: FRT-Kan-T7-arcA; 2: KBS BIRERIZSTK) PCR $iiks 3: Kan HUIEAEHRRER.
Note: M: Marker; 1: FRT-Kan-T7-arc4; 2: The verification of insertion gene; 3: The elimination of resistance gene Kan by PCR verification.

2.3 arcATEE. coli IM109(DE3)EFE AP S
Fik

I Red RV R IR arcA A
G5 E. coli IM109(DE3) LR . 4Nkl 4 PR
Lh endA-F Fil endA-R 5|19 ¥R K L0
3 kb WA A A IS 9 FRT-Kan-T7-arcA B (&
4A); L C-endA-F F1 Mid-R N5 ¥¥ #4458
FRT-Kan-T7-arcA WAd A E. coli IM109(DE3)44
ERF R EEZ 1.9 kb 4717 (8] 4B); LA C-endA4-F
1 Mid-R R39S AA3 (4T FR Kan J5 9 FRT &
P BE 29k 0.6 kb (] 4C).

B EAE E. coli IM109(DE3)(AendA::arcA)IE
0.2 mmol/L IPTG [ LB #1555 4 h J5, B UEER
K5 28 SDS-PAGE Bk & [ 3RIA G I . ANl 5 B,
arcA SR IR =PI 53 LA AT IR U2 A, R
AR ERRIAER . B arcd FERBERIITE E.
coli IM109(DE3) 4L /A A7 rlitEkis,
2.4 ELHHE E. coli IM109(DE3)(AendA::arcA)
BB T 21

BEAE E. coli IM109(DE3)(AendA::arcA) 5
S E. coli IMI09(DE3)/3%1F LB W5 =E
ODggo 1 0.2 B, VRIS [F]3R BE A HLI SR AR L 55
%, KL WHE 6., E coli IM109(DE3)
(AendA::arcA)TE 2.0% (RFLEFA C4E . 0.1% (R

FEYH R . 4.0% (L) ZSRERN 0.1% (IRFRLE) T B
7% 8 h J5 , H: ODeso HWIERI 0.2 735 EFHE 0.7
0.8.1.7 F1 1.2, 1MXTHEZH E. coli IM109(DE3)7E 4.0%
(KR Z50E0) ODeso M 1.1, THTE 2.0% (PRFLL)
HEE. 0.1% (FRFLE) HF R A 0.1% (RFH) TEEH
AT IR SRR, 1K arcA A TRREA

kD 1 2 3 4 M kD

—70

46— v Gy — T

— 45

—35

—25

B 5 E.coli IM109(DE3)(AendA::arcA)HIEHFRIE
Figure 5 Proteins expression of E. coli JM109(DE3)
(AendA::arcA)

1F: M: Marker; 1: E. coli IM109(DE3)(AendA::arcA)Zi75 )
PLHE; 2: E. coli IM109(DE3)(AendA::arcA)Z5ES0 Hig; 3.
E. coli IM109(DE3)(AendA::arcA)2i75 3 4MMl; 4. E. coli
IM109(DE3) A7 519 4= 2 .

Note: M: Marker; 1: E. coli IM109(DE3)(AendA::arcA) insoluble
protein after induction; 2: E. coli JM109(DE3)(AendA::arcA)
soluble protein after induction; 3: E. coli IM109(DE3)(AendA::arcA)

total protein after induction; 4: Total protein of E. coli IM109(DE3)
without induction.
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20 —e— E. coli IM109(DE3)(AendA::arcA)

0D660
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—&— E. coli IM109(DE3)
1.0f —— E. coli IM109(DE3)(AendA::arcA)

t (h)

—& E. coli IM109(DE3)
1.5F —o— E. coli IM109(DE3)(AendA::arcA)
g 1.0}
Q
Q
05
1 1 1
0 2 4 6 8
t (h)

6 RMAFBHAEFIXERE E. coli IM109(DE3)(AendA::arcA) MR KIS
Figure 6 Effect of different organic solvent on cell growth of E. coli JM109(DE3)(AendA::arcA)
e A: 2.0% (R CEE; B: 0.1% (R, C: 4.0% (BRI ZELE; D: 0.1% (L) TR
Note: A: 2.0% (V/V) cyclohexane; B: 0.1% (V/V) toluene; C: 4.0% (V/V) decalin; D: 0.1% (V/V) butanol.

TAHEH E. coli IM109(DE3)/pET-20b(+)-arcA FEAAH
[ (4 MLV SRR A2 1

4 E. coli IM109(DE3)(AendA::arcA)FI E. coli
JM109(DE3)/pET-20b(+)-arcA 43 SHEARRE 35 6 18,
TEBINT 2.0% (B CHE. 0.1% (RFIH)H
7, 4.0% (L) ZERE R 0.1% (IR EL) T mERY £5 3%
Ferp IR 8 h I ODgo, SR ILF 2. TEAEAT 6 T
J&i , AR E. coli IM109(DE3)(AendA::arcA)TE_L ik
R ODggo 739124 0.8, 0.9, 1.7 1 1.2,
555 1 ARERAR LB T FE(ODgso 535124 0.7, 0.8
1.7 F1 1.2); T E. coli IM109(DE3)/pET-20b(+)-arcA
15 6 WAERIG A KGNS 1 AREARAH LA AN

[FIFREER N R, ODggo 535124 0.6, 0.6, 1.3 1 0.9 (35
118 ODgo 7353159 0.8, 0.9, 1.8 Fl 1.3), £5HFEH .
HHE E. coli IM109(DE3)(AendA::arcA){EVE i
SZAERR T v B T s L ke vk, T E. coli
IM109(DE3)/pET-20b(+)-arcA TEAEARI R iR
AUV SZ A — 2 T, S SR A 20 M
AR AR B st A% AN T e R EL 4 A AT R Ay A B
T B R 20
3 g

ARSI HIERN TRETFBL B arcd FEHR LI EZH
Bk B RTE E. coli IM109(DE3) ek, iz
()22 I8 7 ks S R I W RE B A E. coli IM109(DE3)
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222

ER B4k E. coli IM109(DE3)/pET-20b(+)-arcA F1 E. coli IM109(DE3)(AendA::arcA)&)
BB Z 0 5T (ODgso)

Table 2 Organic solvent tolerance of E. coli JM109(DE3)/pET-20b(+)-arcA and E. coli JIM109(DE3)(AendA::arcA) over
6 generations (ODgq)

E. coli IM109(DE3)/pET-20b(+)-arcA

E. coli IM109(DE3)(AendA::arcA)

Sugfﬁure EINSRE FoR Zeht TR ke GBS Zehit TR
Cyclohexane Toluene Decalin Butanol Cyclohexane Toluene Decalin Butanol
1 0.8 0.9 1.8 1.3 0.7 0.8 1.7 1.2
2 0.8 0.9 1.7 1.2 0.8 0.9 1.8 1.3
3 0.8 0.8 1.7 1.2 0.7 1.0 1.9 1.4
4 0.7 0.7 1.5 1.1 0.9 0.8 1.8 1.3
5 0.6 0.6 1.4 1.0 0.8 0.9 1.7 1.2
6 0.6 0.6 1.3 0.9 0.8 0.9 1.7 1.2
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