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FREERFBRTIR-RINESTTIRAT p-ERKESTEHIK
BiE AREC dE#d T4 HE

U INARBHE R AL ST TR A B A W) TR RAE BT IRATSE 2 DA & 266590
2 INZRBAEERHBCA AR IR W 276400

B E. [#5) KA (Escherichia coli)d T A KMEML R . RET T FHE . TAREFERHL,
RO P-E R SEATH, BEAKR B-ERENZEB AR fe#H L T kbt FegER, [
0] BEF R RARARLT B-E R &~ KA. [7ik] RAFEZTESF B TIK(atmospheric and
room temperature plasma, ARTP)# R4 AR Ao o2k AT 3B & BAR KT H EC-16 #ATEAF L, I
VA R BARBR G 2 M ) B R A AT T 06, e MATIRI G, R HATA BARE, Wit
GERIZRBRINSFREBAHR, ARLREREH., (SR ZI6FRLFHLE—HB-ER
W REME. coli HVK-9, =851k 22.1 g/L, A E X EHIRS T 168.74%. (4] £A
ARTP-8N T F R, BEGARMGEBRIUAERLGERT F, EFLARNERTRERRE
2, TR BBRZFERAKRL B-EREZE. REM HVK-9 54 T ALK B A = B A7 Bog 447
B IRAERE TN, ) BE R T Ak FFe B R T RAFaG Ak,

ER: Bk M, FETERE S TIRARTP), 404K, F A EBBRILK R, L5FE

Breeding of high B-farnesene producing strain by ARTP-UV
combined mutation
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Abstract: [Background] Due to excellent growth performances, clear genetic backgrounds and mature
genetic manipulations, Escherichia coli typical strains are commonly selected for producing B-farnesene,
but the yields of B-farnesene still cannot meet the needs of industrial production until now. [Objective]
Combined mutagenesis breeding techniques were used to obtain B-farnesene producing strains with high
yields. [Methods] Escherichia coli EC-16 was bred by combination mutation methods of atmospheric and
room temperature plasma (ARTP) and ultraviolet (UV), through the first screening with isopentenyl
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pyrophosphate (IPP) screening plate as selection pressure and the following second screening step with
flask fermentation culture, finally subjected to fermentation tank verification. The genetic stability of the
highly productive mutant strains was carefully comparatively tested by continuous multi-generation
cultured. [Results] A mutant strain named E. coli HVK-9 was obtained and the yield of B-farnesene
reached up to 22.1 g/L, which was 168.74% higher than that of the original strain. [Conclusion] The
combinational mutations by virtue of ARTP-UV with isopentenyl pyrophosphate resistance screening
model in this study can significantly improve the positive mutation rates, which can finally confirm the
effectively increase with the yield of B-farnesene. The mutant strain HVK-9 has good genetic stability as
an industrial fermentation strain, which lays a good foundation for the industrial production and
application of B-farnesene.

Keywords: B-farnesene, Atmospheric and room temperature plasma (ARTP), Ultraviole (UV), Isopentenyl

pyrophosphate (IPP) resistance screening, Combined mutagenesis

B-1% JE ¥ (B-farnesene), MR P-4 &k, &
— P 3 A5 T 2 R A 2 A A A
Yy, TEHAL, Aol T REVRAEE 245 S5 40 A
FHITZMWH EHAAT, -k T HAL
TG, BORHRERITE 20%R M FEdgk
Mp RS, -1 JE M FEAT 0 HEE B IR T A A F
THEW EEAE A e T, Bk e
VEARG R T I T W AR e s s 0 B 1, 7 ARG
KA, IF ARG T ] i BORHMR R0 5 1
FIMERY TEREIRSINY, B-kJEM T T
SRR A RS B Al AT A e e fEpE 2y
G, B-iLEME A i £ E BETIRY) TS AE
Yy g T OB

B-1 e 1 BT VA i A i S T ik
b R kA R Bk SR MR He Ak 2k
HA ROV SRR RGN . A A SR,
R B E N At s S . B, B NS
T B X R A R P B S R TR R R AR
PHRAR I O SR AT = 7 B-IJe M I R R TR T
140, Z2h 2P0 PG 1 B ok Y ) PR R TR R ik A
TERANEE T Bk mrEwib & ik &, JIF
KBRS M B R W T & 1 A v A = o 1
SaAcfl, WA 96 h, B-IEJEMm TR i
KAk 1.1 g/L. You ZEU'ERF I b & Blad ik
I e W R S M i (IDD) AR JE Bt W R A I
(FDPS)AJ DA B AR A i e i b 5 300 SR Wi R (IPP) 1Y

ME, WimE—igm gk, Higd
AT B R TRE TR T 7 L R e & 19 120 h,
B-H e M i ik 8.74 g/L. Meadows 2!
i 2 7E R s A KT R A & AR,
o T R A AR A, D T SR
A HEYIE A R BRIERIBE IR, B B-IL e
(R PRI 2 2,24 ¢/(L-h). 28 BRI, FH AT
WA -1k Je M 2k 7 B Y E AR h e B T
FReE i, AR T ke s
PRI 18 7 6 WLAR 1A

R R I B A B AR R I ARAS B
ST A T B U A G T Rk
A B R (e AR L BRI SSAH Je T il iR
VRIS (MR | X LR Reblerh 14119
SR, K E 5 M s A F B S R A
RCRAL . S AR 2 ABU PRI A x0T
i %5 B 1 K (atmospheric and room temperature
plasma, ARTP)IFEASH AR IEAF & e >k i i A8
HR, AR | ARG LIS,
2 T Tk i i A B b 4R 4 i i
DL TAERRI BRI s & 2R s R G
ORI, 1T R BRI XA 0 3 AR ) T
ARG, T & LE AN 3 SOS & &= AL P20,
AW LA B-1L SR E. coli EC-16 M H & bk,
WK A ARTP BRI AMRB RN E G52
AR, FERIA B-1 e M Q& Bl 2 i TR ) 5T
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S I SRR (IPPYYE ik I g, ik — 2 4R i %8
ASRRIE SRR, PEATH S, AR AAT
—PRIBAL PR RE Y B-15 JE M R 7 SR AL R

OSSP R7 A

1.1 ##)
1.1.1 EF

KIGFFHE A TR EC-16 (Escherichia coli
EC-16) H1 A< S50 2 DR
1.1.2 EFZLFFLEE

T BERR AR P A0 B 1 RS I A 92 Oxoid 22
als BUIRR . MR . ATEIRE N . b, A
WEIG A Solarbio A5 1E-+ ke hortat, WH
KRl 2 BR AL 2 R A PR w5 At B 7
B ot Y0 A E 254 A AR A R
o] SR eI T AT R Al

WARE AL, TS RAREYRHE AR
Al MG RE(GO), FUKIEE ALK &%
(FID), it} HP-5 (30 mx0.32 mmx0.25 pm)f7
HEYNEH:, Agilent Technologies A w5 7228 436
JEETE, R ERE S A R A
1.1.3 $55E

RHAEEFRH(gL): B 10.0, FEEHhEY)
5.0, NaCl10.0, IfE# 15.0, pH 7.2,

SRR (g/L): AR 10.0, BERHMIRY)
5.0, NaCl 10.0, S @EmimRER 0.000 9, BifigH:
15.0, pH 7.2,

1 000xff LR (g/L): (NHy)s Mo70,-4H,0
3.7, ZnSO47H,0 2.9, H;BO, 24.7, CuSO45H,0
2.5, MnCly-4H,0 15.8.

PR SR (gL): FPERR 2.1, FrEIRE %
0.3, MEEEHhEEd 5.0, Hih 20.0, MgSO, 1.5,
KoHPO4-3H,0 9.8, s L HEiEWK 0.1%, pH 6.5,

REER A (L) FEIR 2.1, FrEREkNE
0.3, MEREmEY) 5.0, Hih 200, #Hi4HE 5.0,
MgSO, 1.5, K,HPO43H,0 9.8, fifi & L& kK
I mL, pH6.5,

1.2 A%
121 #HEERR

VEBUH RS SRAHIN 37 °C R¥i3% 2 d i E. coli
EC-16 RHH T Z, 1 10 mL JGEE A FERACK T &3k
T, BARABEMENTHEE RS, &F
30 °C. 250 r/min AY¥R 7% E IR 10 min i A
OYE, WA R . R 3 000 r/min Bl
15 min, 7 FWEW. WA A PEE KB T IT
PRI 2-3 Ik, SRATANR ORI T4, R Rk
FEL R 1084N/mL, %5,
122 HEEFIHKFET

B 20 pL WAEWIRMIELEAENE A E
(ARTP {L & FIBC/F), ™#&# I ARTP-M RUEEH
FCAERA AR, AR TSR, e i 3h
120 W, AbFREE =R, @S &N 10 SLPM
(standard liters per minute), 55 2514 & ST 5 A
(B BN S mm, A FRER] 405105 Bl 20, 25,
30, 35, 40, 50, 60 F1 70 s. AbFH A FEER K
B 10 55540 TANA R L B, K2 ARTP i
75 A B R AR AT AR AR X IR, AR R T
37 °C ¥FeAtirh g% 2 d, WJn R AEE T
HEIER,
123 SIMKIFET

B3 mL R VK E. coli EC-16 ITEEWBIIMA
FHA 60 mm AR INFEE R I
FEREFEIRAS T FIEEAMT (9% 18 W, XTHE 30 cm)4
AL 20, 30, 40, 50, 60, 80, 100 A1 120 s.
W25 IR B 5 O RV R AR PR KRR R 10 £%
JEURA TR R R b, REERIMRAL PR 5
WA PRER KRR 10 A5 S TRAT-PARAE R R, 4R
JEET 37 °C #FAah R 2 d, A RHE
HITEI TR B,
124 E&5FT

R THE E. coli EC-16 TREIRZ SN AR 4b
P, S RVUEST ARTP 52840 PE, A8 G54
PRI A TR AR FRER KRS 10 RS E v An TR
KR b, REE A0 A B TR B A=
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KFERE 10 F5ETRAT TR R FAE X E, 4R
JE BT 37 °C HiFRF R R TR 2 d, e R
ORI R BOIE R,

1.2.5 BRXGEBER R AR TR IE

FRICH A= R ACHK Hh B TR E. coli EC-16 Hf}
AT B o P B, R A AR B R AR LA
B2 107107 TRz, 43 0.1 mL FHERIK K
WATE 0, 03,06, 09, 1.2, 1.5, 1.8
2.1 mg/L SRR 0 AR TR |, RIFET
37 °CHiFRAh IR 2 d, o MESHIMR A KB I .
1.2.6 GHIEAE

(1) EAwi: B2 ARTP-4ME Skt
(10 TR A Y A FRER K B B S Uk A o — e i
() S M FE IR 0 B T e G R0k 1, B F 37 °C B
FERPEDEE SR 3 do BRBCEAR e K
WVE A TRNART IR [, 37°C 5% 2 d,

() PERA N . VEBUERK RiFryRhE,
BRI 1-2 em® BB & R TR TR R,
37°C. 220 r/min #ERKEFE 12 h, BUS mL B35 HK
FAP T 100 mL B9 & BERGFRFEH, 37 °C. 220 r/min
PRGHFEE ODgoo N 0.6-0.8 If, AL N
0.1 mmol/L 1 IPTG ¥EF3Rik. MFMAIE+ =
SEfER -1 JE M AR IGR] , A HGR Y A B2k 3
RS ECH 20%. BERTFREE R 30 °C, Kl
72 h RN Bk e B i, ARJE Pk ke
Py & R A R A TR R SR 1, 37 °C
BigE 2d,

(3) KBERERE . VEHUER RAFmRhE,
FPEEFIEC 1-2 cm® (YT & B0 T Fh 7 55 55 3%,
37 °C. 220 r/min $EIR}ESR 18 h, SRJ5H 8%
Fgdfh T 15 L KRS, REER T L3850
Bk EEEIREE A 30 °C, WIHRTEE 250 r/min, R
PR A A B AR R 500 v/min, ESE 1:1, &
% 96 h, il B-IkJe s & i .

1.2.7 A *

(1) P28 B RR I B 2 (Y%)=(R 1572 PR T 7%

BB e AR B T 0 AR A AR R 7E £< 100,

(2) LASAS TR bR 1) A e B A s o T B R AR
2, DAB-I e i A e i i 20% LA 9B bk
TE SCRIETEASIR,  1F 5878 2(%)=1F 5 A8 T ¥ U/ 47
B TR B VE50x 100,

(3) AHTFER I A . KBRS RS, Bk
PRI, FAFRELER Y &I pH, K51
TR R FP I A B B 2 43 e Mk SRR R Ak
4 0.01 g/L, 250 r/min #i#¥ 3—5 min, FEIRS
FREE 1 h, #ESZ, 85 3 000 r/min 2.0
5 min B FE2AH P,

(4) B-IEJRIRATIN T . B T B S K
WHANA, R GC SMrkittT B-IkJe M &
HE . SAHERESAM: R 80 °C, R
1 min, #RJ5LL 10 °C/min F+ % 250 °C, F£F 1 min,
HERETRE 250 °C, EJ7 0.1 MPa, @ fH AR
A, PEFEE 1 pL, AR 1 mL/min, #ESEASS
W 25:1 (REL), H#R(FID)ERE 260 °C, LA
RANEREA
2 HERG500
21 EBEFRFTHENHE

PR HRR E. coli EC-16 #5171 ARTP %75
J&, el TR ANER AR, R mE 1
RN 7 o L T | R B N b e S B
PUR 2 [ AFAE IE ARG, Bl AR BRAS A B ZE K, 1A
PRI BT o YiEAR A BRES[A] 2 30 s B,
AN 75.04%; ML PR [AEF] 40 s B,
HAHEN 92.14%; HiFAEAL PR ] LEK 2 60 s LA
&, BOREE 100%. ARFREW, XF&7E
PR 5 AR 1y b 3R BT S B0 BOAE R AR
70%—90% , TEZRAS R A28 A% F %
A LA BEALYE FORE 1, HBOE R IE R AR
5] 7 VR FHBIL R o AT e F o, AL ot o BRSO 3R 7
50%—95% 2 [A] {4 4 A~175 28 B ] I L AE AR
GURE 1 P, YA Rl 30 s B EUE
HH 75.04%, BLBTIERAS RN 13.41%. M4
HICEFNE R AR ML, O H R E A5 5 GE
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[ =20
100f
i S
& 80 . 1155
St —a Lethality rate | g
s 60 —A— Positive mutation rate g
2 4108
Epn! :
g o
| 15 =
20r 7
L a
0 L . L 1 . 1 0

n 1 L 1 n
20 30 40 50 60 70
Exposure time (s)

El1l ARTPIFEX HRBILRFNIERERFME(n=3)
Figure 1 Effects of ARTP treatment on lethality rate and
positive mutagenesis rate (n=3)

AT R HCE 1 PP P A, AR E SRR
() ARTP 7578 Ab FRAS [a] E B 30 s
22 FIMNFLRIEWMTHRE

Xif & ik E. coli EC-16 #4T T 44MAE ),
2 T BOEARMIE R AR R ML, S5 RWE 2 PR,
VB A PR ], D58 AR 7570 70 i IR UL A 2 (1]
WAFFEIE AN, Bifi 25 A0 PR E] ) E K, B RR AR
PERI BT . M ARSRTRR 40 s B, BOERR
43.55%; M HREFIFIR] N 50 s B, BOER N 70.46%:;
ARSI R 60 s B, ALKy 85.58%; Mkt
BFAIER 2 100 s LUG, BOERAE 100%, W55
FW], SR H LR Ab B A A W 0 O R A
70%—90% 2 [ ik 1F 58 A5 5 g 728 [N bk 4 3
FEHRAE 40%—95%Z IA] (1) 4 NNHa] S EAT T 1E 5878
R, AR, MEIMEIGIHTRY 50 s B
FIER K 70.46%, AT IEZRASRE H N 11.88%.
LR IR AR G IR I I PR AR B, AL
SR 1) 2R IR BRSPS B[R] B 50 s
23 ESFTHHREE

Xif K BMk E. coli EC-16 HTHE W T4 4K
HRET 50 s 5, FRlEfT ARTP 4540 30s, HAE
ARSI BIEE N 94.71%., 1T ARTP FIE4k
% DNA S T TV R EOR ], RS
EA RSN S WA, ARTP-£241ME 5728 AU
AT LAWR AN BA IR 77578 B A s i A ) R Al A

PRAN DNA Z3—FXf B IR F-i7528 AR 25 I i 7= A G
HEASRON PO, PR R A B AR AR
24 RIXGEBBRYEKE KNG

AR AT ARTP-S0AME A AR kA T %
A AR ZEAR SR T AR F AL FHRARAKCE
I B F AR R R R A 2 1 5 AR 5 T8 LSRR, Qi A8
A5 30 7 S 4 i 1 1 SR AR SRR LA T R A (Y
YETAE. R T RRLIE TARER R . 128248 S AIK 14 1)
W, DL Bk e A A R A A RTARY T R
s BT IR A T e IR J7 , % E. coli EC-16 BY 58 T Ak
HEF TR , P AN [ 550 Sk 1 S M A Wl i A 21 93 29
BRI, WS T R R AS ] e B2 S L M B B TR
(AT 2L, P P TR 1 2R RS B & 3 P .
HE 3 5T AN BT v B 1Y) S M R i R %o
WRBEGERR W, 455 0% 1 PR,

r —# Lethality rate 4120

100}~ —&— Positive mutation rate
< 8o 1°%
g s
E\ 60 | log
= 0l g
<= 40 °
3t Z
145 =
201 z

o—=——" 0

L 1 L 1 L 1 L 1
20 40 60 80 100 120
Exposure time (s)
B2 FSMFE X EMRBUILERFIE R TR 0E(0=3)
Figure 2 Effects of UV treatment on lethality rate and
positive mutagenesis rate (n=3)

B3 EREXRENRKEEBERERE KT
Figure 3 Effects of different concentrations of IPP on the
growth of strains
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F1 TERERERNRREEHRIEYERBILRR

Mg (n=3)

Table 1 Effects of different concentrations of IPP on
lethality rate (n=3)

S LR FE R MR B E YIS

IPP (mg/L) Lethality rate (%)
0.0 0.00

0.3 3.88

0.6 51.29

0.9 82.97

1.2 93.10

1.5 98.06

1.8 99.35

2.1 100.00

M 3 R VA, S R IR RE A i 1
KHEW E. coli EC-16 K TEAK R & 1k
(0.3 mg/L)i, MHERAAE, HNBEEER
3.88% (£ 1) 450N 1) BT W A 3
0.6 mg/L B, WIEHIAEWL, ERKZHHEM
T, P EER N 51.29%; 45 0 R AY
R A E 1.5 mg/L W, I EE R L F)
98.06%, T 7% B MR E I /D A5 ARS8 R 57 N0

T
\H

2.4

BRIV R 2.1 mg/L B, TRHREICRIL
100%, PARRETRE AR . BIEEEUE 2 5 15 5
SIS 0.9 mg/L [ 5 005 SE B R A R 43 18
B BRI AL, AR 1 Bl , fERRET
FRRIIBIER N 82.97%, Z%EAE | BEAIE TF
M PR AR AR i, RB RS AR A — 2 1
W, Tk,
25 FEBEFHR-LINESFTIRELER

B AR BRI 50 s Al ARTP 578 4b B 30 s Y
ARG HEER, 4 0.9 mg/L 5 0m B R
ERRWI . 2ok 5 R, RAPkIE 30 RS
PRUEFT TR, B-ILJe M &l 4 PR,
SEREW] . 4ad ARTP-2AMNE BB, WA IR
95 FE TR 0 B85 W P B AL A 07, 58 228 PR 1) 1 2%
WHRIRENT 43.30%, HIifEEH 3 s = bk
HVK-9. HVK-16 #l HVK-18, B-:Je K=k
WH 246, 1.84 1 2.11 g/L, MILHREKI p-
e K 5(0.98 g/L)r il e T 151.02%.87.76%
1 115.31%.

B-farnesene (g/L)

El4 ESHERTKB-ZRETEMD=3)

Strains

Figure 4 p-farnesene production of the mutants on ARTP-UV treatment (n=3)
e RIRREER AR AR B-1E SR I AR T R IE AR E. coli EC-16 385 20% X 1 4

Note: The solid line indicated the position where pB-farnesene production were increased by 20% compared to the original strain E. coli

EC-16.
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2.6 AEEEEINIE

Y R E. coli EC-16 FIHE T IEIS 29
3ARRASTHRIEA T T R IR = % B R I, e K I
IR 30 °C, HIUAFEHE 250 t/min, AR 1:1,
RIS, MRS YA EUS A ODeoo, IF
Xof K TR A1 1 2 1 A 1 4, o IR R Hh & B v
E. coli EC-16, WK 5 iR, 3 BRESAS AMETEXTEL
B RAA SE e th R TR E. coli EC-16 B, {H
B TH R BT PO AT - 3 MR RS BRIMRAR HL s & T
R SR B SR RS 1, DT B AT )RR AR A T IR G
RN, A 96 h J5 kA GC llE -1k e )iy
T, E 6 i, AR HVK-9 1Y B-I%)E
Wi RIsE 221 gL, MM R HES T
168.74%.
2.7 RESFEKREEREES T

T R AR R I AL R E M, R AR Rk
HVK-9 7E LB #HH 5= S L A0% 7R 8 14, IR 4%
AR} IR TR o 28 o 855 5% L0 AL R A T BRI A R
F%, 37°C. 220 v/min ¥53% 72 h, B LB NG
Rl B-12 SR s 17 i, IR AE A L3R 2., 25K,
RAFEE HVK-9 B2 8 18, B-ILJeld itttk
KFERE, feim TR 4.47%, B E G528 P A 1) 58
A H R HVK-9 A RiFrs e faoe v

160 -
140 |
120 |
gloo__ —e—EC-16
g 80 —m HVK-9
60 - —a—HVK-16
- —¥—HVK-18
40 |-
20

0 110‘2|0|31014101510I61017[0‘81019IO|1(I)0
Fermentation time (h)

5 EWELRIER L E. coli EC-16 IRE

#% HVK-9. HVK-16. HVK-18 #9% < #i 2%

Figure 5 The growth curve of original strain E. coli EC-16

and mutants strains HVK-9, HVK-16, HVK-18 during high

density fermentation

—_ o] N
W S W
1

—_
(=

B-farnesene (g/L)

0
O D B
N & O

6 AE 96 h RHABEH E. coli EC-16 FIRL#k
HVK-9. HVK-16. HVK-18 8 B3R lHr= 2

Figure 6 p-farnesene production in original strain E. coli
EC-16 and mutant strains HVK-9, HVK-16, HVK-18 after
96 h fermentation

&2 HVK-9 BEEREMENE®0=3, FHEHREE)
Table 2 Genetic stability experiment of HVK-9 (n=3,
mean+SD)

RS BT IR R TR

Generation B-farnesene Decline ratio of B-farnesene
production (g/L) production (%)

0 2.46+0.08 -

1 2.51+0.12 =

2 2.4440.09 0.81

3 2.48+0.10 -

4 2.41£0.11 2.03

5 2.43+0.08 1.22

6 2.39+0.07 2.85

7 2.35+0.13 4.47

8 2.36+0.08 4.07

T - AU p-R R 7 B BA T,

Note: —: The production of B-farnene did not decrease during

generation cultured.

3 Wik54R

KRR, 2 T Fh— BRI A e TRE bk
PR IR T 2N TEZ — B Tl AP
AREIBEL IEAEA B R E & i . ARTP 57284 —
MUBXS AT i, BB, ety FFHR
AFEAT ZRENE, AT LR ROm AR A Y g
B DY R AR SRR M R R R
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B, TS AR R4 A2 2R T e —
TEFERE L URAN TAL SRR I ik BB o ASIF 98 R
ARTP-UV & G AR A 5 0 FE B R BT 1 i
PERRY, X -1k R E. coli EC-16 1T T
AE, BRR T AR B R REALYE , KORHE R T i ik
B, R RY], R ARTP 1578 30 s FI%E
MR FRIT 50 s ST AR, FES A S I0m EuE
TR B I O 326, i 28 2% A TR AR I IE 58 AE SR T Gk
43.30%. TEREGHLBHESMAET, EFH T —
PR B-I e M = AR AR HVK-9, %A RTE K
P RO R 35 3% 5 B- 1k JE M 1 Kk T B A 3k F)
22.1 g/L, i KEHRIER T 168.74%, Jf Hifid
8 Wk A RAF s fe i . Fik, %
ARk HVK-9 A7 5800 Tolk b B-3: Je M & B A r 1
R PR,

BT, EWNSMES Bk k2
b 53 T 3 DN 21 M R TR A S TR R R 9T A il
PR ARET Bk e m - Wbk s . AT
FER IS SR e w M s 2 ik z —,
HsAR JE PR DNA 43R B e — 5K, 15
MUEE A S A, 5 R BUBEZS P AR T , B A
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