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Adaptive evolution of microorganisms based on industrial
environmental perturbations

TANG Xiaoling, CHEN Jingxiang, LIU Zhiqiang , ZHENG Yuguo

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

Abstract: The development of synthetic biology has greatly promoted the construction of
microbial cell factories, providing an important strategy for green and efficient chemical
production. However, the bottleneck of poor tolerance to harsh industrial environments has
become the key factor hampering the productivity of microbial cells. Adaptive evolution is an
important method to domesticate microorganisms for a certain period by applying targeted
selection pressure to obtain desired phenotypic or physiological properties that are adapted to a
specific environment. Recently, with the development of technologies such as microfluidics,
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biosensors, and omics analysis,

adaptive evolution has laid the foundation for efficient

productivity of microbial cell factories. Herein, we discuss the key technologies of adaptive
evolution and their important applications in improvement of environmental tolerance and
production efficiency of microbial cell factories. Moreover, we looked forward to the prospects
of adaptive evolution to realize industrial production by microbial cell factories.

Keywords: adaptive evolution; industrial environmental perturbation; microbial cell factories;

tolerance; production performance
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Figure 3  Application of genetically encoded sensors in the adaptive evolution of microorganisms
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Table 1 Examples of using adaptive evolution to increase bacterial growth rate

Strain Evolution strategy Result Reference
E. coli K-12 MG1655 Continuous batch culture for 1 100 Compared with the initial strain, the growth  [38]
(C321.A4) generations rate of the “ARF1” strain was increased

by >40%, the “fitness defect” was eliminated,
and the growth was recovered
The gene PEX5 encoding the peroxisomal [39]
input receptor was mutated, and the growth
adaptive evolution experiments rate of the evolved strain increased by
were performed 1.25 times compared with the initial strain
100 generations of adaptive evolution The growth rate of the screened strains UBw  [40]
on medium with low concentration and UBm on medium with low sugar
of glucose content was increased by 26%
1 880 generations of subcultures The population cell growth rate of the evolved [41]
strain was 35% higher than that of the initial
cells
250 chemostat generations of cultures The efficiency of CO, utilization for biomass [42]
in media with restricted carbon was improved
source

P. pastoris (Komagataella  The central carbon metabolism
phaffii) CBS7435 derivative pathways were reconstructed and

C. glutamicum ATCC13032

C. reinhardtii CC-503
cw92 mt*

Engineered autotrophic
E. coli
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quantitative PCR (RT-qPCR)K M treY (F ZF IR
WEIG BENE A U AN otsA (EESERE 6-BEIR A L)
FRAEILR, GEREI treY FERTEE N EIEEH
F) k53] T 58k, Matson ZEMUA i BR P-4
il , XA = R 5 T B (isobutyl acetate, IBA)F K
TR JCL260 i#EA 7 IBA f3E I Mk . 7R3
ISR SR 8 T T, 48 37 R R 3R
T 22 BRI I EE IBA 7S, P BHETH T 3.2 4%
TS T 1 B I I 300 %) 32 A o 59D
o T B A o) T AT L T TR AR T A
Zhang %5 1t B R W B £ (Saccharomyces
cerevisiae) YF10-5 AT A AR, I8 T LB
30 R O e 4 B 3RS YF10-5 2848 kR 5T & B,
G 708 IR A DR TR TS AR B ) T AR AR 2R 6 0
L H % TR Bk ) 42.9% 11 20.5% . 38 i qPCR 4347
YF10-5 578k B HE 5% Sy m 0, 55 73S A
FMFEIN HSP26. HSP30 J HSP104 (AR iR
IR s S BRI TPST . AT SRR
Z 5N 2R ADHI . HXKI

%2

18 R AL R IR T R )/ P 52 1 Y R B

PFK1 3Rk T, 3¢ W15y TR 32 T 5 0 1 v 10 Jofp 380
PR B AR 37 BB BT, B WA P2 RE 138
#) 13.4% (B AR50, HEARRTE 16%,
FHS T T3S AE 72 211 93.95%.

HEEOT, &N YRS Y A T
BOMSS G AL R A Rk . BRSO
15 A% (atmospheric room temperature plasma,
ARTP)2 % P BY T H o Jiang 25U iR i
BET K SyBE SC1402 AWl tRE R, FIH ARTP
5 H,0, 3¢ U5 0 W AL SR w38
3R RAAR(AXIZ, AX14 Fl AX15), IFH
ZE R R & 59.36., 63.22. 65.93 mg/L,
VIR HERIES T 4 5, E—H BRI A,
T WA T T AR A SR AL, B T A
PERIZEAS D RiymaE ar, MImEEs p-sA % b
R R AR,

i PR S A YDA R R A G T
REHEY AR, Tk A YR Tl
PRI R SR S U A e T R T B (R 2),

el

Table 2 Examples of using adaptive evolution to increase substrate tolerance

Expected phenotype Strain Adaptive process

Result Reference

Improve acid
tolerance

P. acidipropionici
DSMZ 4900
tolerance
Improve substrate  E. coli JCL260
tolerance
of IBA
Improve ethanol

tolerance
ethanol stress

Improve L-serine
tolerance

E. colilacking

The propionic acid concentration
in the medium was gradiently
increased to induce the cells’

37 rounds of cultivation on
medium with high-concentration
S. cerevisiae YF10-5 Continuous cultivation under the

condition of high concentration

45 days of evolution of the strain
L-serine degradation in media with increased L-serine

The evolved strain could grow in the [43]
medium containing 20 g/L propionic

acid, the growth rate was 1.4 times that

of the wild type, and the propionic acid

yield was increased by 2-folds

The IBA producing capacity of the [44]
evolved was increased by 3.2-folds and

the evolution mechanism was elucidated

The ethanol content of the evolved strain [45]
was increased by 16%, and the growth

rate was much higher than that of the

original strain

The capacibity of the evolved strains [47]
grew at high L-serine concentration was

pathways concentration improved and the productivity of
L-serine production was increased
(reached 37 g/L)
Improve substrate  E. coli JCL260 Different inhibitory concentrations The cell membrane synthesis was [48]

tolerance

of glucosamine-6-phosphate were
added to the strain medium

promoted and isobutanol-tolerated
mutants were obtained

http://journals.im.ac.cn/cjben
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diastatochromogenes AE44 ., S. diastatochromogenes
AE51 il S. diastatochromogenes AE56), ] A
PRIEH A K1 pH B8 6.5, #F 405 T 752 19 pH
432, MIN ATP &1 H'-ATPase {1 T
JRAA T, LIS B9 e-PL A 7= B vl N o AR i ad Y
A BRI, i e-PL 7E Tl 5 R PR H 19 5 i B8
E T B AL

Huang S HILAERIPTEE RE S288C 17T A= 14 #k
BY4741 JNEATEK, BAWMEFRRE, 1&
42 °C &M 3R 14 DiEAkk . LR
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Table 3 Examples of using adaptive evolution to promote coupling of growth and production
Result

The growth rate of the isolated mutant was increased [52]
to 0.17 h™!, the yield of glutaric acid was 22.7 g/L,

and the reverse extraction yield was 99%, which was

twice that of the parental strain

Improvement of NADH regeneration The growth and production of the strain were [56]
and acetyl-CoA utilization, together  positively correlated, and the yield of product

with adaptive evolution under 1-butanol reached 2 g/L

anaerobic environment

Adaptive evolution based on
biosensor-monitored lycopene
concentration

Metabolic engineering coupled with
adaptive evolution under high

Strain Screening strategy Reference

C. glutamicum (GluA T0) Knockout of the L-glutamate
dehydrogenase gene, together with
adaptive evolution

E. coli JCL166

E. coli The lycopene production was increased by 16-folds  [58]

and growth was accelerated
E. coli B§/pED The yields of L-Trp and deoxyviolet were increased  [59]
by 100 times and 2.5 times respectively

concentration of tryptophan
E. coli BW25113

Mutation of D-lactate dehydrogenase The adaptively evolved strain produced 21.2 g/L [60]

coupled with adaptive evolution under isobutanol within 99 hours, which was 76% of the

high concentration of isobutanol

theoretical maximum

TR P 22 9 SWI/SNF & AR (— Ak
) 22 W5 | ATP MBI AZ /MR T Y352 A 1) A F
# ATPase FAFEAN B FRAS, R T =it
Z VRN, 7E Hogl . Ras-cAMP F1 Rhol-Pkcl
(= H BN RAME S T S S 5 0 55T
W28 v e B Z2 P ALY, S00 400 it T A S e el AR
BUAT A R R T LR SE B Heg ™ %78 (% 3 5
AR AR ) o BRI TN R A A
R T B AR RS LR T o
TERERE R T Tl rp, iR AR e =
A RFEEAC, e 35°C IR, FRIEEERE
KRBT RIS AR, LYz, i
T} $A PR B ] BRI B o Serafim S5O PUTR T
B2k AMY12 (PE-2)f1l AMY35 (SA-DH %, i
ik 3 I Pk AR AR A I S R R . SR AL,
PIRR AL AE 40 °C S8 F RS 40 4R =
63%F1 61%, MM LRI 2 44%H 41%.
Caspeta %I R0 % £F S288C itttk , 71
(39.5+0.5) °C M ML 5% 342 d, 1 40 °C
KRBT RGO 'A 70 g/L W
TTY23. BfE SRR, Wik TTY23 1Y

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

PR R 15.4%, kAl bR, PMAI
(Gt P AU A iz S B N . HSP30
(H'-ATP B G0ET 7)) LR, ZoRiiRig kiR
Tb, ERk TTY23 AIfE 40 °C FAEK,

Dhar 21 FRIF FERE 1 FR 5L P 1 0.5 mol/L
NaCl $#& T+ 41X = $h 938 B 77 o A Ko 38
300 18, 53] 3 FRLE R, ERERY
RFEA, MR /DEEA R KEY 8%
12%. BT HBES AT R, A 82 ARk HH
ARA, 62 ANV BEE AR Ak, HEAAI PRI CTTI
Gt AL RE) . MSN4 (I 380 1 M 2 S 9 i 1A
TR HLR1 (S 51877 41 M BE 4l A5 2 iiraa )
X3 NI N R SRk s R, T
TR Pyt v R A i A2 e o a3 N Ak
7 30 T 5 A2 BRAR IR AE B S A i bk, HE R T
S T AL HLE T, X EROT & B R 0
Tk ) B R X

Shim 258Vt ] 4201 R 31 O 1 5 i g
TR B B BY 4741 54738 By P Rk o 25 R 3B
CTTI1 %t ik S A0 Ul 38 5 B BE X Ho0, 11
Bt AE S, FEAR MR IE Hy0, k7 ik $1 15 %
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AR YAG115, XF HyO, YT 32 P ik, P22
#& T 100 mol/L H,Op R al A, 7RIS
fifi b, T TIZEARXT B AR = B-A A 1 A
WLHE T o Reyes SFIIZi M AR T8 F Btk
7 20 B P 35 1 M AL SR g, i — 2D E A SR A
VAR B A IR A2 43 SRR R Y G SR, 3
R, MAAENERK 5S4, JFEad
TR G RS BERE R, X -
i i 7= it — 2 3t

30 7 1 SR A B T A T A7 1 ) i R 2
W3 4,
3.5 &R MR R E AR R B

12 oy M Ak 7R 0 Bk A e A2 1 L BT
R RN AR K 5 A P I TR, AT O <DL
BRACHER, fEHE PRI, BEAR Tl A .
FE T R BT, 42 A W) & e D i [ml B
2y AR A REE AL & 1, a0 R o R v O
TG W R R & B s 2 R AT LR )
Az B, 3k S e B I R B R 4R

s U0 R A R AR W A R A e T
JAEAR: PR 32 OGS B T e B O, AR AR
8 4 T2 B) A BTN R AR B 3 B4 o
HEL 3R W BE 8 A7 54 T 40 i A= =k e U
Choi %5 -5t 5 IR A5 KUY o-2
T 2 (a-aminobutyric acid, a-AB)YE At i
WARICY, MR AT, R ER 5 2 R T
SRR MR SR Y R B I AERT, g ARTP
il L-S e EIRAY - R R T 1.61 4%,

Ty — I, TCE R R A A LR
18 0 P HE A T VR S AR T AR TR A AR 0
DREME I, ¥ RAEYEEIE. W Tai %75
ik 3 7R R A M 5 ER R AT T Y S e AR
PRALELDN I, AR OSSR A TR R g . U
PR R PR e BRI B R AU, R AE
AT DA R PR R T, JBWIRENLIS AR AR IR 28
HR AR — o B HACR RAF R A8 AR, K id
g P U ) S AL AR A BRI
FARL, AR A R

x4 ENMHAERRRABEMINEE DR 2 =6

Table 4 Examples of using adaptive evolution technology to improve stress tolerance

Strain Screening strategy

Result Reference

S. diastatochromogenes T17 ~ Adaptive evolution under pH stress

S. cerevisiae BY4741 Adaptive evolution under high
temperature stress
Brazilian industrial strains of Adaptive evolution under high
S. cerevisiae (PE-2 and SA-1) temperature stress

S. cerevisiae S288C Adaptive evolution under high

temperature and high concentrations

of substrates stress

S. cerevisiae 300 generations of cultivation in

medium supplemented with 0.5 mol/L

NaCl
S. cerevisiae BY4741
stress

Adaptive evolution under oxidative

The obtained three evolved strains, AE44, [61]
AEA4451 and AE4456 exhibited higher ability

to synthesize e-polylysine (e-PL)

Thermophilic yeasts were screened and the grow [62]
rate at 42 °C was improved

The biomass of the evolved strains PE-2 and [64]
SA-1 was increased by 63% and 61% at 40 °C,
respectively

The evolved strain TTY23 could tolerate high [65]
concentrations of ethanol at 40 °C, with a 15.4%
increase in yield

The growth rate of the evolved strain was [66]
increased by 8%—12%, with variable and larger

cell morphology

The yield of target product B-caryophyllene was [68]
increased and the growth was improved when the

cells were exposured to 100 mol/L hydrogen

peroxide

Z&: 010-64807509
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TR 0 200 T ) T T AR R R B e
THAETOVIREE T A RE T o WA W LU
S SR T I, Prbidhzs, w1 R A
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AR SRR, TR E TS T, R
WA IE NIYEREAL , DA AR A, SR TN
WL IRD) R S2 1, smA Tl BRI )
vl . RREK . R ER AR AR R, P AN
ARG AEERETT, OA ¥R S A W AE i B A
Bi R R SR I T N
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WEFEIAE Yy B R L] S FE FIEOR
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WVE R AT N AU Feord L A
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BT, o P A 7 AR 52 22 6] R L2 M ) AL
ARATE A7 I S AR R AR PE AU s
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AR DG 25, DA AT X6 4 i 5 B I3 A 5 3
AR PP, 15 Sl PR BT R o (2) i
e JEE v Ok PR 4 i i T H. LA R Fr B DNA 41
PHOR | ZHEIELPN [ SIS BOR S, RSB
PR DN 2 R R 2 L S R BR AR AR D) BEAB M . fof
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1l 14F DNA JEEIC1F, AT 2 i P2 44 2 i
M 32 A2, () s DR 200 M ) e 7 PR E o (3) dd i
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PEACTRAR o (4) T8 IR S 3 TR AE | FOR i i
AL LSO | 2Ry e pL g lcid . DNA & i
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B IE I BE U S HR, Al e Rk sh i
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i 52 W g A 77 PR L 2 i R e ) R U
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