U/ B DU = S 3 XiE SMAESEXBITFEME TR b kA 1277

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Apr. 25, 2021, 37(4): 1277-1286

DOI: 10.13345/j.cjb.200430 ©2021 Chin J Biotech, All rights reserved

« TR -

AEM HEL FRAL BERM BRY ORMES xLH

1 T R¥F BEMA¥SEARERESLRE, 18 L 214122
2 TLr R Zi%Be, 1L Jo8 214122

Xk, S5, BRI, S gHIRSE AR A AT AN ) A @ i . A TR AR, 2021, 37(4): 1277-1286.
Liu J, Guo L, Luo QL, et al. Application of chronological lifespan in the construction of Escherichia coli cell factories. Chin J
Biotech, 2021, 37(4): 1277-1286.

OB MA@ I AT HEATRARM, AT LUEROGTHESAEZRET —HATTOERT L.
A, TEWIIRREREY 0 T HAY BB GFEE, R THAD@R T A F e, @3kt
Memf et F A, TARERAMED@IE T AT, a4, ATAFTRN I ES T @i F 5
GrFo Xt B E MR E; RE, RINEMRAR. UK. AARFALATNEBRARZ LD TULRKHAFE
Escherichia coli 2m /& ¢4 8¢ & % 4 o 51 3£ %k 80%. 80%. 50%#= 120%; /5, K E. coli Bt 5 F 4Tk B %
BEE. colime T o4& Fhkde, ToAR T EEA RRKMEGRIKZE. coli mip L) a9 £ = Hag, 1%
FUBR A= R BRI BR 64 45 4 5 3R T 30.0%F= 25.0%, AT A T k& BA FRARM A RI&IZE E colime L) 4
A AL, RERBROGFFRA 27.0%. XA RERENLERK E coli MIEFTRET —F B EGRE @I
I A R T k.

KA, mAEYmILT, HEES, REXHH

Application of chronological lifespan in the construction of
Escherichia coli cell factories
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Abstract: Microbial cell factories capable of producing valuable chemicals from renewable feedstocks provide a
promising alternative towards sustainability. However, environmental stress remarkably affects the performance of
microbial cell factories. By extending the chronological lifespan of microbial cells, the performance of microbial cell
factories can be greatly improved. Firstly, an evaluation system for chronological lifespan and semi-chronological lifespan
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was established based on the changes in survival rates. Secondly, the addition of anti-aging drugs such as cysteine,
carnosine, aminoguanidine and glucosamine increased the chronological lifespan of E. coli by 80%, 80%, 50% and 120%,
respectively. Finally, we demonstrated that extending the chronological lifespan of E. coli increased the yield of
metabolites produced by E. coli cell factories with endogenous (lactic acid and pyruvic acid) or exogenous (malic acid)
metabolic pathway by 30.0%, 25.0%, and 27.0%, respectively. The strategy of extending chronological lifespan of E. coli
provides a potential approach for enhancing the performance of microbial cell factories.
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Table 1  Strains used in this study
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4 Pepper ZEUCI R 1E , BELELIL . MR A
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brzeiy. AHh, TR O A
I (BREEIL), AN A RGBT, BT R
DIPTSR R R, DT R ek 2% 41 B 453 4
FN20 M 5 0 PR A T K E. coli 4
TP LAY .

AFPLE LN TAEMREE I 2 s, &
RLAK . R N SR TAE W E =2 Pepper
xR s AL AR TAE R E 2% Fang
2Ol 5 5 — F WU B9 T AR ¥k 2 2% Ruggiero-
Lopez ZPUHHE . 1bAh, Awano ZEP2HEH i vk
FE Y2 B 2 BR 5 E. coli 41 I HISPT AL W8 A RE
1, A 1 TS R 2 e 2 R A o s
1£ 1 mmol/L,
1.2.4 KEFSLLS

N BRI & T 2% Dong ZE 4R 812,
LRI K B 2% Guo ZiE®, SRR
KRB Hu i 4RaE Y,

Strains name Strain characteristics Source
E. coli ATCC 8739 Wild type ATCC
E. coli GL0002 E. coli ATCC 8739 AadhEAackA [6]
E. coli F0601 E. coli W3110 AldhAApoxBApfIBApta-ackAAadhE [23]
E. coli FHO09 MG1655 AptsGAfrdBCAfumABCAmaeABAaspCAldhAAadhE [24]
E. coli FH989 FHO009 with pEM-CF59 [24]
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Table 2 Anti-aging drugs used in this study
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Working 20 mmol/L 0.5 mmol/L 0.1 mmol/L 5 mmol/L 1 mmol/L 1 mmol/L
concentration
Mother solution 2 mol/L 0.05 mol/L 0.1 mol/L 0.5 mol/L 1 mol/L 1 mol/L
concentration
Cost (¥/L) 122.5 1.57 0.071 233 0.038 0.038
125 ¥ B A £ (2) fERIE 48-148 h I ]

PIBRER | LIRS SR IR 34 SR H e 80 A (3%
K, A (5354 &y Aminex HPX-87H (7.8 mmx
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Fig. 1 Effect of anti-aging drugs on the survival rate of
E. coli. FA: folic acid; ME: metformin; AG:
aminoguanidine; GA: glucosamine; CY: cysteine; CA:
carnosine.
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Fig. 2 Effects of FA, ME, AG, GA, CY and CA on the
HCLS and CLS of E. coli. (A) Effects of FA, ME, AG,
GA, CY and CA on the HCLS of E. coli. (B) Effects of
FA, ME, AG, GA, CY and CA on the CLS of E. coli.

PEAT N — Sk HOk, MR ZPIX) CLS
BUs I, FRATIE R LM AN . SR ILRR
11—,
23 BEHEGXNANREEREZEBRI A
2.3.1 RGP RE K I A A i3S A
H TN ER CLS Pt 22 R B HA W
PRAESPE, FRATRI e iR . LA . &
FENCRIILAR 4 Fhi s 225 YRR TR E. coli il
CLS By ., E. coli FO601 (FO601) J&1E E. coli
W3110 H i b LR M6 U8 . P T R S A . PR
1% H TR 4 T . TR £ TR G RS T - £ PR T AN & T
A, A —H N ERRRIY E. coli®, FATK:
T iR | = A . SRR 4 Rt
2% FO601 () HCLS (/& 3A) F1CLS (¥ 3B)

. cjb@im.ac.cn



1282 ISSN 1000-3061 CN 11-1998/Q A:# T.#2%:4 Chin J Biotech

MIEIR . 4 FPPLEZ 2% FO601 /) HCLS ZEK
RETI R e UMK > 2 JE W21 Jbe 0 I > 22 25 7 28 b
4 R E 2%t FO601 1Y CLS ZERKAE T N &
SEA RS UK > 2 > e 2%

E. coli GL0002 (GL0002) J&7E E. coli ATCC8739
R £ TRV R L T G Sl AR A 1 — ik e FL IR
() E. coli®, HEOPRam: . 2L, I
FILK 4 B & 2549%F GL0002 i) HCLS (/& 3C)
Ml CLS (K 3D), 4 FhrrE&zy¥xt GLO002 [
HCLS SERKABETI . UK e 2R > 2 L 4 25 4>
IR 4 Fhr e 2595t GL0002 f CLS #EK fig
174 2 MUK > 2 Jo 2 1 > 2 e > i o g o A1 0
PR . UK . Z BN S0 4 Fhdise
LAPERAE T — R MR R S AE K E. coli 40
il CLS By 7.
2.3.2 B pFEFaxT NIRRT

N T PEMEE K CLS X E. coli 4l T & Btk

A 36 =

EIHCLS —e—Relative HCLS 1.4
1.2 w»n
z 3)
w 1.0 2
Q =
fan} ]
10.8 =

0.6

Control AG GA CY CA
C 30 ¢ 1.4
I HCLS —#—Relative HCLS

1.3
1)
= ®
s 1:2 5
i L
o 11.1 E
T =
=

1.0

0.9

. Control AG GA CcY CA

ARSI, HEIN NPT E 255 FO601 TR A
FEPERERYAE (L, X FOBOL & IR i PRI R ) 7= H: il
TRRMAT BT, AR 4 Fos: (1) AT
XTHRZH, FEH CLS AT LAAS R Hh 3 i o ol e
TR (2) SN e 2R B A R R 1 ) i
T 21.7%, k%) T 17.4 g/L (A4 14.3 g/L),
PR ER (OASR14 90 T 25.0%, 5% T 0.40 glg (&
HE2[ 0.32 9/g); (3) MuShnad FENN | 22 3 3 2 0 Fi
JULRRES, PR R 1 7 & 437 15.8 g/l 16.7 g/L
F1 15.8 g/L, AHXFFXTHRALSr A3 T 10.5% .
16.8%71 10.5%.

RS NP = 25 Y% GL0002 T.#%
B R EEPERERYSEI , X GLO002 & ¥4 5 FLIR Y
PR SR EAT T AT, IR 5 R (1) A
K CLS AJ LAIAS[FFEEE b el AR FLIR P s (2) Ko
36 h, FLER " HEAFIER A, HAu s L&
SCIGH , FLER ST E RN 8.8%, iAF T 23.4 g/L (X

B 1.6

[ CLS —¢— Relative CLS

I

5
Relative CLS

e
co

Control AG GA CY CA

[ CLS —e—Relative CLS

n

84

()

127

CLS (h)
>

Relative CLS

60

=
o

48
Control AG GA CY CA

3 AREMEZEWX FO601 F1 GLO002 At FF 5 4y B 52 M

Fig. 3 Effects of AG, GA, CY and CA on the HCLS and CLS of E. coli. (A) Effects of AG, GA, CY and CA on the HCLS of
F0601. (B) Effects of AG, GA, CY and CA on the CLS of F0601. (C) Effects of AG, GA, CY and CA on the HCLS of
GL0002. (D) Effects of AG, GA, CY and CA on the CLS of GL0002.
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Fig. 6 Effects of AG, CA, CY and CA on the
fermentation performance of FH989. (A) Effects of AG,
CA, CY and CA on the cell growth of FH989. (B) Effects
of AG, CA, CY and CA on the malate production of
FH989.
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