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ARSRE, FERIABAEFRTETHERAANBRAREFTNHR., AL R LW, aroP = tyrP A Bk
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Abstract: L-tyrosine is one of three aromatic amino acids that are widely used in food, pharmaceutical and chemical
industries. The transport system engineering provides an important research strategy for the metabolic engineering of
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Escherichia coli to breed L-tyrosine producing strain. The intracellular transport of L-tyrosine in E. coli is mainly regulated by
two distinct permeases encoded by aroP and tyrP genes. The aroP and tyrP gene knockout mutants were constructed by
CRISPR-Cas technique on the basis of L-tyrosine producing strain HGXP, and the effects of regulating transport system on
L-tyrosine production were investigated by fermentation experiments. The fermentation results showed that the aroP and tyrP
knockout mutants produced 3.74 and 3.45 g/L L-tyrosine, respectively, which were 19% and 10% higher than that of the
original strain. The optimum induction temperature was determined to be 38 °C. Fed-batch fermentation was carried out on a
3-L fermentor. The L-tyrosine yields of aroP and tyrP knockout mutants were further increased to 44.5 and 35.1 g/L,
respectively, which were 57% and 24% higher than that of the original strain. The research results are of great reference value

for metabolic engineering of E. coli to produce L-tyrosine.

Keywords: Escherichia coli, L-tyrosine, transport system, gene knockout
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AroF F1 AroH iX 3 4M[r] T, BATRTE 5152 M
NN ZA IR T 24 IR N €8 2 IR 1Y) i 1ot BEL it 7 S 15t
AT B S A SRk 5 2 DAHP A
MR Tk , T T S I 2 PR ) 5 i AN SR ARG 24
PR Ik HGXP i & litk, M CRISPR-Cas9
BORMIR T IR 18 R Gt HER aroP il tyrP,
T 9 553 s 2R [l M N B is e T, — R |
TR A R R 2% DAHP & i Y BEAE A T
It R AR 5 | IR AR 12 RGUAR LA 1Y
SRR AT PR R A A A RN R A ™ R S
1 MB57®
1.1 #ra
111 kSRR

Hh R TR PR A TS 2 R AR 7 TR AR HGXP, Hifd &2
B HGX 1 K% #F 1 WSH-Z06 (pAP-B03) i it i%
LEAL AR BR pAP-BO3 UKL 7 1 ), HGXP
H pAP-aroG™ -tyrA™ ki, pAP-aroG™ -tyrA™" i
LA PSR 0 R AT TR 1 2R 5 R AR R
HERIE aroG™ #il tyrA™', HA PRP. a3 Eh T
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HGXP M ERPE, /5lta T aroP Fl tyrP B
TR o SRR A BR BT AR i 1T EL UKL pCas Al
pTarget Hi A [E Bl =B b AEY) A= PR A 2S00 58 B
AT AR TE r o A R R L 1
1.1.2 BEFHE

FiFrsgRst (o/L): BERERY 5, |AM 10,
NaCl 10,

M & IR A e SR AR (g/L): H%abE 35, HEH
W 4, WEREKS 2, (NH4)2804 5, KHyPO4 3,
MgSO,-7H,0 3, NaCl 1, #EBEm4 15,
CaCl,-2H,0 0.015, FeSO,-7H,0 0.112 5, 4i/E%
B, 0.075, ffEILR EFW (TES) 1.5 mL/L, R
52 0.04, pH6.8+0.1, FEIFAFERT, BN 12 g/L
CaCO3 HI T pH.

TES (g/L): Aly(SOy4)3-18H,0 2.0, CoSO,4-7H,0
0.75, CuS04-5H,0 2.5, H3B030.5, MnSO4-H,0
24 , Na,Mo0,-2H,0 3.0, NiSO,-6H,0 2.5,
ZnS0,-7H,0 15,

1.1.3 EEREA

E G AMEEEERE H Oxoid /A H] . NaCl, %)

B . (NH4)2S04. KHyPO4. MgSO4-7H,0 | FrARREN .

x 1 AMREERERRK

Table 1 Strains and plasmids used in this study

CaCly-2H,0. FeSO,-7H,0. 4i4: % B;. CaCOs,
Aly(SO4)s-18H,0 . C0SO,-7H,0 . CuSO,-5H0 .
H3BO3., MnSO4-H,0 . Na;Mo0O4-2H,0 , NiSO,4-6H,0 |
ZnSO0,-7TH,0 14T 6 [E 25 45 A L-Tis =0 IR b U
i H o Sigma-Aldrich A#®] (L), RAREE
(Kan)., fLW A X (Spc). FRIREUAF & . PCR
7 D e ) 6 R s A8 RS2 2 A i) 1
TR TAY TR (BE) BRARA
1.2 FHik
1.2.1 fEF CRISPR-Cas9 R4mbr Xt H
9p- 35|

Jiang ZEMVERTHER T 18 KT B K12 £
MR BB B vk . ek AT ORUBTRE
24, Hrp—1N&H Cas9 wtd LK ) pCas Jfi
B, B—THNEAATHHEMNEND sgRNA
pTarget Jiiki. K pTarget FORLAT H A9 FE R i
(i) Y5 [ 3 2ok L e Ab B 5 pCas [Tk 1Y) 24 it
W, AT RIGR BB H S B H Y. pCas ki 7E
LY 0.01 mol/L M FTHAAHEE S T, G
A, AR TRIEEHAN KL, pTarget ik 2
2 R AR 1) H S Y sgRNA, 5 pCas

Strain and plasmid

Relevant characteristics

Source or reference

E. coli
WSH-Z06(pAP-B03) L-phenylalanine producing strain [18]
HGX Elimination pAP-B03 plasmid of WSH-Z06 (pAP-B03) Stock in lab
HGXP HGX, pAP-aroG™-tyrA™" Stock in lab
HGXAaroP HGX knocking out aroP gene This study
HGXAtyrP HGX knocking out tyrP gene This study
HGPP HGXAaroP, pAP-aroG™ -tyrA™" This study
HGEP HGXAtyrP, pAP-aroG™ -tyrA™" This study
Plasmid
PAP-aroG™ -tyrA™" Pr-aroG™", P -tyrA™", p15A replicon, Kan resistance Stock in lab
pCas repA101(Ts), Pcas-cas9, Paas-Red, lacl¥, Py-SgRNA- [19]

pMB1, Kan resistance
pTarget-cadA pMB1, aadA, sgRNA-cadA, Spc resistance [19]
pTarget-aroP pMB1, aadA, sgRNA-aroP, Spc resistance This study
pTarget-tyrP pMB1, aadA, sgRNA-tyrP, Spc resistance This study

&: 010-64807509
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JRL 7 HE Y Cas9 B 1454, sgRNA 20 bp 9 Ny
FEAI5 H S R Bl R L% e Cas9 2 21
Wr B LR BUEE . AnSR it 20 bp 7 7E 3L R 4
b, IR AR AR P TIr, Nm ok BE . 2
JE AN IS AR RS, AR DD R kA
[l 2, R4 (AR st 2 B R i B R 1
M5 S A4k 4L N 2, pCas FUkifE IPTG SR
A DL A gV AE pTarget Bki F 1Y sgRNA, M
41k pTarget JFiki, pCas JFikiA B 75 42 CF 4k
TR, R AT DA A B 3 DR o ke v R A S
KL BRA . AHESE TS 9 0L 3% 2,

1.2.2 BEFFB%

FFREgE: A LB PHR F RIS A =
47 50 mL FF-Rr R 5L 500 mL =M KRR,
37 °C. 200 r/min 53¢ 10-14 h,

PR R W BES% . W BR R AT B D 1 55 SR W LA
10% MR, R B3A 25 mL KRG R AL
250 mL =M R, KERRE 33 C, £

x2 AHRETASY

Table 2 Primers used in this study

JRE% 200 r/min, 41E &4 K % ODgoo 4 1.5-2.0
B, FHEZ 38 CiES ™ L-ME &R .

R R RS BRI R IR L 10%
PR A 11 L KRB SR 3 L A e
o, s 20%AY 20K | pH 7E 6.7-6.9, &
BRI 33 °C, ARk B 551 ODegoo=23-27 i,
FHIL % 38 Cif5 5™ L-Mi% 2R . ¥ 1R /% 140 400 r/min,
MEM 4 (Dissolved oxygen, DO) &% 20%LL T
2R A B B DO 4EHFAE 20% L 1, MEE3%
FE R A AR BT, N 700 g/l 1 2 B
i 5% 25 ik v (4 BV B 4R R AE 10 /L LU
1.2.3 PEIRYERE R E

7 e T S e TP 55 o v A T R e 2 5 A 4
RN 6 mol/L (¥ HCI ¥ i & Il b i s 24 iz, Ak
PRI Y & B 25 12 000 r/min &5.0> 10 min, 3 b
Ho RMRTUIEH LB FRER 2 Ik, BOES
MR ATE 105 CTR T ZiEE, THE MM T
& (Dry cell weight, DCW). % ¥ i s Bt 238 24

Primer name Primer sequence (5'-3") Size (bp)
aroP-up-F CCACTTGCCGAAGTCAATTGGTC 23
aroP-up-R CGGGTGAGGGCGTAGAGAGAGAAACCTCGTGCGGTGGTTG 40
aroP-down-F CAACCACCGCACGAGGTTTCTCTCTCTACGCCCTCACCCG 40
aroP-down-R ACGAACGTGAGTATTTGCGTGAG 23
aroP-sgRNA-F CCTCCGTAATACAGTCCGCAGTTTTAGAGCTAGAAATAGCAAG 43
aroP-sgRNA-R ACTAGTATTATACCTAGGACTGAG 24
aroP-sgRNA-v-F GACCTACACCGAACTGAGATACCTA 25
aroP-sgRNA-v-R TGCGGACTGTATTACGGAGG 20
tyrP-up-F GCGAAGGTCTGTATTTTATCGAC 23
tyrP-up-R AGGAATTTGAGGCTATCTGAGCTTTCTTCTGTCCTGACGA 40
tyrP-down-F TCGTCAGGACAGAAGAAAGCTCAGATAGCCTCAAATTCCT 40
tyrP-down-R AAGAGATGACGCGCTTTATG 20
tyrP-sgRNA-F GGAGGTGTACCAGCATGTTCGTTTTAGAGCTAGAAATAGCAAG 43
tyrP-sgRNA-R ACTAGTATTATACCTAGGACTGAG 24
tyrP-sgRNA-v-F GACCTACACCGAACTGAGATACCTA 25
tyrP-sgRNA-v-R GAACATGCTGGTACACCTCC 20

The underlined part of the aroP-up-R, aroP-down-F, tyrP-up-R and tyrP-down-F primer sequences indicate homology

extensions; the underlined part of aroP-sgRNA-F and tyrP-sgRNA-F primer sequences indicate Ny, sequences.

http://journals.im.ac.cn/cjbcn
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AT R, 8 7228 2935006 B v HAE 600 nm
Wb B SEEE (ODeoo), 153 ODgoo 55 DCW 115 F
o TEABFEH, DCW(g/L)=0.364x0Dggo-
1.2.4 FEEHEERNE

B 1 mL BBk £ 12 000 r/min &.0> 5 min,
T TR R — A AR, SR P 2 W - LR AR A IR
SR (RINTE IR S R A B vl ) 00 4 2 A
1.2.5 REEBAE AL EE I ik

M TR RE = WA P pH R KA
FRFEARMG, DR AE 2 T 2o o v SR 1) R 22 R b
HLA KA DL S A A7 78 1 T R [ 1A o o
WHRES LA 12 LAY LI 6 mol/L HCI FiskE, TR
&, LIBIRER IR 2. MEREFKEE
P2 V0 it 2 — 25 s R (e e 2P Wk B SR B 43T
P I Y PR 4 e R %7 , 12 000 r/min 5.0 10 min,,
Wtk B35BT DE A5 BN B B K BEORE i LT
R R A £ T
1.2.6 L-B&EBRMIE

SR JFH e 55 TR C T TR A I R T R LT 2
i G 3ERE S Agilent C18 4 (250 mmx4.6 mm,
5 um), AN IR (RN K R 280 nm, Fish
A4 0.1 mol/L ZBREN (VK ZFRVETY pH £ 4.0) F1
FH s AR 43 e R 90%F11 10% , 37 4 1.0 mL/min,
FER 30 C, HERERE 10 ulPo,

2 ER5AW

2.1 aroP 0 tyrP EFE B R E I HWE

M AR A R G A R s R
PAP-aroG™"-tyrA™" FIJE [H fi bk g 12 H Fiki pCas
#E Kan PrrERiErRic, Mk pAP-aroG™'-
tyrA™" RS I 2 DR BB B A R e, ASIFSE B O
TEfE EW HGX W TR 2 IR ¥% 1 F Gt i A i
B, SRJG 1L # 1L pAP-aroG™ -tyrA™" Bk 575
KWk HGXP HYFE N pEbR e . A9 up-F il

&: 010-64807509

up-R P15 2 B AR B RNEE, RIS
down-F FI down-R 3752 H i 5 H T i [7] U3
B, RS PCR HORY 415 3 H 9 2L K T
[l P . A G149 sgRNA-F 1 sgRNA-R L4
pTarget-cadA kL K AR ARGE 13 42 FUkE PCR 3R A5
A HMIE Ny PN pTarget Fiki, FH519
SgRNA-v-F F sgRNA-v-R XJ 14 &2 pTarget [tk
PEF 7RIS PCREGIE (& 1A) . #7RETFEI /Ny 500 bp
FEAT W4, SIER pTarget Bk i sh . #
pTarget J5i b A1 [a] 5 B[R] B 388 o W B Ak 31 % A
pCas Jii ki () /&z254n ek, 5149 up-F #1
down-R AT V& PCR Bl (K 1B). 4 kP b
S )13 45 21 K /N2 1000 bp 4 [E R - BE . B
BEMIEEA TAY TR (RE) BOA RA R
PP g e, IRy 5 R Y —3, 45
ZZW aroP Al tyrP KL B4 I mils . B A
TR RO L TR 4 JBORE pAP-aroG™ -tyrA™" /3
BELALZE aroP il tyrP JEFBREA H, IRAGFEE &
fig 3L N T FE HGPP Fl HGEP,

A B
bp bp
5000
2 000 3000
2000
1 000 1 500
750 1 000
750

500
500

250 250

100 100

1 E% PCR I g #E 5 AR B2 ik B

Fig. 1 Agarose gel electrophoresis of colony PCR. (A)
Verification of pTarget plasmid. 1: pTarget-aroP; 2:
pTarget-tyrP. (B) Verification of gene deletion. 1: aroP
gene deletion; 2: tyrP gene deletion.

. cjb@im.ac.cn
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22 BMIERERIERNERAR

R T W 25 5K T DA T 2 R e 1 B 11 G i
R DR A X TR R A 7 i R S, o R TR AR
HGXP S 4 % 1) i 24 R Ak [ - #2 5 HGPP FiI
HGEP ¥H17 T #I & B S . iRl 2A iR, 5%
HE TR R A EL , aroP JE K] @Bk R HGPP 11 £ 151 ODeoo
55 % BB RR A FLRRAIR T 8% ; tyrP 36 IR it % 1
HGEP 1945 5 ODgoo 5 X1 BRI MR AH FLEE 55 T 14%.
UL aroP 3 A A4 it B o B AR A KA — S S AR
FH, 1 tyrP 3 R R B B8 R 4 A K — e ek
YERT, TR A KW KB — R 4,
HR A R Tk — 0 0R5E . 7ERS SRR A 7™ J7 1
aroP JE [X ik B B HGPP & 8% 48 h s & FR 7 ey
3.74 g/L, 5%} R B bk HGXP A HL 455 T 19%; tyrP
FEINEBRTA HGEP & 157 48 h A& i 3.45 glL,
5% BT AR AR FL 3R T 10% (/& 2B). 25 SR,
£ HGXP B Pk i B % iz 25 1 i 2 [F) aroP il
tyrP B16F i 2 R 1) A= 7 A B ), aroP JEEEL Y
R A tyrP DR Y R R B A R SRR 1 AR
R G A AL A B — L 4 e T A R A ] LA
T A2 7 s A R W BE T
23 BMIEBREFRIEFNSFSREML

F TSR A RO 3 Tk, pAP-aroG™-
tyrA®" S SRR, i SR E S AR Y
G ROCHEE R IAAEFH VIR, AR
(AL T T 2 R Tl el A 1) K Tl 1 T R R
EMEMESZRE M, FICASL I 24T AN F 175
SR (36 °C. 38 °C. 40 C) W& MRLE 7 bk
AR TR . K E 48 h RO R R
Kl 3 o, 78 38 CHE T 45F T, HGXP, HGPP
I HGEP TR & 1) ik 248 7 it L 7E 33 CuRE IR 4%
BRI E T 96.7%. 77.4%FH1 92.6%; HL1E
36 CHIFE &M T4 & T 17%.19%7F1 18%:;
FLfE 40 CHIBE AT 0 nlem 7 8%, 9%l
12%., 4552 H] % 38 C 1175 S 1 3 ] A3 5 s
FIRFE D TR A P i = R Re 1, BIAE 3 L

http://journals.im.ac.cn/cjbcn
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Fig. 2 Shake flask fermentation of Tyr transport system
gene knockout mutants. The data represent the Xts of
three measurements.
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Fig. 3 Optimization of induced temperature. The data
represent the Xzxs of three measurements.
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24 MEREERERTIEEES LB

P R & BRI A5 %0, aroP Al tyrP 3 A At Bk
TR % 2 R A 7 e 8 R bR HGXP 5 A 44
Fbo 1€ 3-L KEEHE I R PR HGXP 1) i 2 2 ™
HiREoN 28.3 g/L, KT B H LA IRELN
TRRTRE R A P B AR WG ), TE 3-L R ERE I
435X HGPP Hil HGEP WRI#REAT T #MRL 4L & 1
RS . WK 4 FoR, BORTEREH/KE - HGPP
B A KU HGEP, (H 27 & ERE K- T
VEE L, 2 DRI IR DCW AL, 435
Jy 26.65 g/L F1 25.96 g/L. 7ER &R 7,
HGPP B bk & 5% 46 h [ 1% 2R ™~ it ik 5] 44.5 /L,
5 R AR U IS R - 4w T 57%, IRYEAL
R 0.179, H:p=EREEN 0.967 g/(L-h), HGEP Etk

A 50
Ee
ucose 57
3" =40+ V L-Tyr . -}r
T 50 7
5 _l" l’"'l .j....‘.
g % 20+
32
& &b 10t
AdAAA
M‘A‘ *\‘iA.A |
O 50
B “ f (h)
= DCW
-4 Glucose
o~ 40 b=+ L-Tyr
% \Tﬁ“) lva¥l
2 5304 ﬂ’jv
x TR,
5 g 20 ‘ .V
2 N A
s 2 A
& 107 .’AM
o«W&f 7\/“

30 40 50
l(h)

(=]

4 KA E HGPP 1 HGEP By%Mil & it & B

Fig. 4 Fed-batch fermentation of E. coli HGPP and
HGEP. (A) HGPP. (B) HGEP. The data represent the
x+s of three measurements.
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KWE 46 h, WL 35.1 g/l IIBREIR, S &
R R AE LU TS SR ™ s 48 o T 24%, IR ARl
0.143, 4= =5 &}y 0.763 g/(L-h) (& 3). 45 H £,
HGPP (14 %% b 2R 7 5 E#R K T HGEP, i
— S UEH] THE HGXP Witk aroP J A wf bR AH A
T tyrP BEDHIECER BT A TR IR AR . Rt
aroP JE [A] G R T AT LAAE 1 22 R AR 1V TE AL
[2:E7 38
3 itk
LSRR A B AR ARSI 2 e,

32 RGO AR E R AL T EE A
gy P, BT H A 2 R 8 R
KINREHE A 1 A AG 2 %, Rt A D BOC

8T E R G TR R IEIR A Y A U S i P2,
TR B —BBF5E, Kim 2528 g 7 —p ik 2
T SR ) R WA FT R R AR, 3B 27 tyrP S5 A R 1A
Frrhid ik aroG™ aroL 1 tyrC, AT LA™ 4= 43.1 g/L
T MR o 31X B UK 7E KM A T ol ok et
RIRFIE RGO T B R TR o TEAWTFE 234
T aroP il tyrP JEPH @ BR A, i T [F] B # R aroP
M tyrP B S, BRRRA R Z B H R, B
MR 0 B AR Fe B 4 e, R IRATE &
*x 3 X HE HGPP #1 HGEP ## ot X B S H
'llz'zf:ie 3 Comparison of fermentation parameters of

fed-batch fermentation of E. coli HGPP and HGEP
Fermentation parameters HGPP HGEP

Glucose consumption (g/L) 248.000+4.243 245.000£7.071
Culture time (h) 46.050+1.061 46.050+1.061
Maximum DCW (g/L) 26.650+0.394 25.964+0.180

Maximum L-Tyr 44.520+0.438 35.100+0.453
concentration (g/L)

Cell productivity (g/(L-h)) 0.579+£0.022  0.564+0.017
L-Tyr productivity (g/(L-h)) 0.967+£0.032  0.763+0.027
Cell yield on glucose (g/g) 0.107£0.001  0.106+0.002
L-Tyr yield on glucose 0.1794£0.001  0.143+0.002

(mol/mol)

The data represent the X s of three measurements.

B<: cjb@im.ac.cn
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LT WA TR % 12 22 0 Ik DX i SR 0T I b 2B
FRRMIFE o S5 RFKW], aroP Fl tyrP FEL A i FR
TR A T A R 7 A 5 08 B TR HGXP A B il B v 17
19%7F1 10%.

FATI S0t P 2 R A= 7 1 I IR AT TR
b, B R RWITE 38 'CH 5 G HE MY K B A A
FREEARRI A o FERE— RNt R TR
i SRR Fre s 1y aroP HAIEIRIRRERTATY 445 gL,
JRPIFALA Ty 0.179, M TAGEER 17— &, Xt
AR B A R MR /0N, IR RT DLgEA T R 2 0 1
Bl Dk — 2 i e LA 7 i S R Y fE

ASBIFE P R A ) T 2 R 2R 7 T R Sy A5 1Y
R R, AR T HA T 2 AN AR & 5 A 50 10
TREEREAATE T HAS R, B
FREAT Tl BRI ™ o [RIIE, X I R L
1B RGN A TR A AR AL T S R B
FEHME o
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