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Abstract: p-coumaric acid is an important natural phenolic compound with a variety of pharmacological activities, and also
a precursor for the biosynthesis of many natural compounds. It is widely used in foods, cosmetics and medicines. Compared
with the chemical synthesis and plant extraction, microbial production of p-coumaric acid has many advantages, such as
energy saving and emission reduction. However, the yield of p-coumaric acid by microbial synthesis is too low to meet the
requirements of large-scale industrial production. Here, to further improve p-coumaric acid production, the directed evolution
of tyrosine ammonia lyase (TAL) encoded by Rhodotorula glutinis tal gene was conducted, and a high-throughput screening
method was established to screen the mutant library for improve the property of TAL. A mutant with a doubled TAL catalytic
activity was screened from about 10,000 colonies of the mutant library. There were three mutational amino acid sites in this
TAL, namely S9Y, Al11N, and E518A. It was further verified by a single point saturation mutation. When S9 was mutated to
Y, I or N, or A1l was mutated to N, T or Y, the catalytic activity of TAL increased by more than 1-fold. Through
combinatorial mutation of three types of mutations at the S9 and A11, the TAL catalytic activity of SOY/A11N or SON/A11lY
mutants were significantly higher than that of other mutants. Then, the plasmid containing SON/A11Y mutant was transformed
into CP032, a tyrosine-producing E. coli strain. The engineered strain produced 394.2 mg/L p-coumaric acid, which is 2.2-fold
higher than that of the control strain, via shake flask fermentation at 48 h. This work provides a new insight for the
biosynthesis study of p-coumaric acid.
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The biosynthetic pathway of p-coumaric acid. PPP: pentose phosphate pathway; GalP-Glk: galactose

permease-glucokinase system; PTS™: inactivated phosphotransferase system; AroF/AroG/AroH: 3-deoxy-D-arabino-
heptulosonate-7-phosphate synthase; TAL: tyrosine ammonia-lyase; PAL: phenylalanine ammonia-lyase; C4H:
cinnamate 4-hydroxylase; G6P: glucose-6-phosphate; E4P: D-erythrose 4-phosphate; PEP: phosphoenolpyruvate; DAHP:
3-deoxy-D-arabino-heptulosonate-7-phosphate; CHA: chorismite.
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RAZAATIRAERE, TR TAL @ IEVER AR AR
i T ORI T G O A SR A 7 o

1 MRET %

1.1 BE#RERA

Bk Escherichia coli BL21(DE3). CP032 i
JBkE pET-30a 34y VE # Fi 7E S5 50 28 PR
1.2 EHEE

LB ikt 10 o/L BRE MM, 5 o/L BEbkeE
¥y, 10 g/L NaCl, [E{AR:F=ILE N 15 g/L Bifs
Mo RASRTR R SR, 2 g/l WAL,
6.8 g/L Na;HPO,, 3 g/L KH,PO4, 1 g/l NH,CI,
0.5 g/L NaCl, 20 g/L Jo/K 4% H , 1 mmol/L MgSOs.,
0.5 pg/mL Bl &, 0.5 g/L L-FR &R . $ & BT
i NBS #5531, 35g/L KH,PO,, 6.5 g/L
K,HPO43H,0, 3.5 g/L (NH4),HPO,, 0.25 g/L
MgSO,4-3H,0, 15 mg/L CaCl,-2H,0, 0.5 mg/L #i
fieZ, 1 mL fEIGE, 20 o/L JoKm4nE. M
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0.1 mol/L HCI Bt & ffiEt & (1 000xi): 1.6 g/L
FeCls, 0.2 g/L CoCl,-6H,0, 0.1 g/L CuCl,, 0.2 g/L
ZnCl,-4H,0, 0.2 g/L Na;MoQO42H,0, 0.05 g/L
H3BOs.

1.3 5% PCR iz

HR 4 B Hi 3B K 21 £ tal LK 751 (GenBank
Has . KF765779.1)M il 4 A i 7 =
PAg tal BARIFH . RIE A A BamH [
Hind TIIEE Y147 55 0514 TAL-FITAL-R (5'-GGAT
CCATGGCGCCGCGCCCG/AAGCTTTTATGCCAG
CATCTTCA-3), iliid 5 4 PCR ¥4 tal flibL 5<%
FE8, SOWAKZR . 10xTagq PCR ZE ik 5 ul,
dNTPs (2.5 mmol/L each) 4 pL, b Fi#F5I44% 1L,
# A 50 ng, 10 mmol/L MnCl, 0.5 uL, 25 mmol/L
MgCl, 5 uL, rTag DNA polymerase (5 U/ul)
0.5 uL, #hFEMAE/K 2 EAAF 50 pl., PCR JZ )i 4%
4. 94 °C 5min; 94 °C 305,55 ‘C 30s, 72 °C 2 min,
30 MEER; 72 °C 5 min. PCR 4535, M DNA
Ji TeT s & [mT i tal B, DA DNA 724
R, B T4 5 PCR P3G, P4 54 [A)
b, FRREE R B A tal BEBLSS A8 SCPE
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e R IAFFE M1-93 4 7058 15 2 7 51 12
T 6% HEF] pET-30a 2444 111 Xba [ FiBamH [ Z
B, TR E 24K pET30a-M1-93. 2R )54 5 4
PCR #1475 2% tal BEHLZE AR SCHE 75146 A £
PET30a-M1-93 # {4 iy BamH I il Hind IIIfiEY]
P ], ¥4k E. coli BL21(DE3) @ik, &4 T
%A 50 ug/mL RIREER (Kan) 1 LB AR I,
3 CHEEBEFREZRRBPEE, KBETAH
PET30a-tal Jiv ks i) K AT I 28 AR IR SO .
1.5 XEZEERMAEMZBINE

FIFHXT A G RRTE 310 nm AbAG 5 S 0 )i e
PP, 20 AR E 2R o X R AR I
G BEAR YRR 12,5 mg/L. 25 mg/L. 50 mg/L.
100 mg/L. 200 mg/L. 400 mg/L. VIX} 7 & ERH
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HEih 96 FLIRAL AN M SRR, 28 °C. 800 r/min
YL iE SR 6 ho FFIRFLA 4 000 r/min Z§.0> 5 min,
B 20 ub FIEWCT 180 uL £ 8 1ok, HZIhiE
il B ARSI 310 nm &b B BE o AR X SRR AR
HERN 2T B B FR

TAL 3L 58 R S 1 F1 2 B 1R 1 9878 TR PR 1Y)
ik . PRBCHAEYEE] S A 3 mL LB+50 pg/mL Kan
Rege R b, 37 °C. 250 r/min B335 12 h 1N
PP B Rh P 4% B MM ES A 5 mL
it 16 4% 77 Bk +50 pg/mL Kan 15 3% 5 (4 Rl 48
(25 mmx200 mm), 28 ‘C. 250 r/min 557 6 h, H
500 pl & £ , 10 000 r/min B5.0> 2 min, B 20 puL
T 180 uL LTk, HZThReREbR AR
FF X B SRR i
17 SERESIBMETAMANMLLAEAER
TIRAIH 38
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B — X B 1) BANA S 9, 93 Bk 2 K 7 81,
SR 300 3V R i i 2 1 A R 0 2 IR 1Y o
AN, FE— P SRR IR I, dRE AR G
Hh—Fh G FEBR AL A1 BRI AT TE RO S 41 SRR R
wJa% A E. coli BL21(DE3) kAT X) & R
FERRI
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HE 2A ATRVE 1, YIEFREP AT AR TR
i5F, 310 nm ZEWOGEERAR; MImAXFERE,
310 nm HYWEEEW Tt (B 2B). R, @R
KDl 310 nm W' B ok AL KRG IR B35 %
FOMR G RN EETATH . & 4 80k
PET30a-M1-93 1) R # A BE & ixt & e, H
FHE R R RS 8. A, AT
B3 UE HPLC 5 ODgyo il 25 5 — %tk , XA
WX B R HPLC 5 ODayo KB #EFT T 48
o, G HZ (8 2C) F i HPLC 55 ODayo Y
I 235 R AU BERCAF, TR PR ALY ODgyo A 1
ZAT AR A 2 2R Y HPLC Rl .

AT BRSO B e B AR E PE R AT SR X e
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IR B 5 KB 4k2E45 5%, ODgoo [ELFLRFEAL, WT

C

- B 35 -
AL . 520 ooa| ¥=8 199.9x+150.39
g2sf g R*=0.999 4 L
£ £ 20000}
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Fig. 2 Absorbance of NBS media under different wavelength and fit curve of p-coumaric acid via HPLC and ODg3y,
detection. (A) Absorbance of NBS media without p-coumaric acid. (B) Absorbance of NBS media with 75 mg/L
p-coumaric acid. (C) The fit curve of p-coumaric acid via HPLC and ODs,q detection at 0, 1.56, 3.13, 6.25, 12.5, 15.6,
31.25, 50, 62.5, 100, 125, 200, 250 and 400 mg/L, respectively.
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Fig. 3 Optimization of cultivation time for high-throughput screening system. (A) Optimization of seed cultivation

time. (B) Optimization of fermentation time. All data and standard errors were derived from three independent
biological replicates.
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Fig. 4 p-coumaric acid titers and ODgoo 0f TAL random mutants. (A) p-coumaric acid titers and ODggo 0f TAL random
mutants in first round of screening. (B) p-coumaric acid titers and ODgo 0f TAL random mutants in second round of
screening. All data and standard errors in (B) were derived from three independent biological replicates.
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X ER 4 A TE 1) S AR RS T I 5 FF 51 bk
O30T, RBIX 4 NSRRI P 8 3L
5 3N AR E AL, 430 S9Y . ALIN,
E518A. At A AT BB : (1) PRIRCEL e B 0 I fi
FEAESE G, AIX 4 A58 AR PR A MR AE TR AL AR
R EAAR; (2) TEAMEL IR, AR IR
a4, A2l 2, FBOZR ARG
ZATVERE; (3) TES 4 PCR i, WIAERIZR
WRATG, MAERERY T4 TR, FEOZ
RABEE K Z | B2 FMB A7 P RE AR
PLESERED], X 3 DN AR A R E R
B TAL fEALTE Ty P m 0y H 2 R N, (R JC IR e
WA A7 5 2 5 PR 2 A0 S B ) R A= 28 A
24 RETMASEREP S EFRTFAMAL
EHEERT I TAL #ILFEEER

h T HE—2 B UE TAL AE AL IS 77 19 2 = 2 WA~
P BRI A R, DL 588 o Fofh 2 SR
XoF WAL TE 1RSI, X Bk 3 NS AR s 4 il
HEAT B IR S8 A8 FI2H 5 58 Bk o 3 2o P S
FIZASKGUE, 24 SO Al ALL 5 kA RARHE, Xf
FHRW R ARE R EFEESER, RV 2 M
M SLRR AR T L 5 TAL fEARTE T 4
E518 i s KA SEAR I, BT A 2 FE IR 28 T R AR A )
X R i A R, R AL R AR 5
AR s b 2 AR TAL AEARTE 7, JIF Bl s R 2
PR BN Ry e PR 2 LR, o, 24 SO i SR AE N Y
I N B, XGRS, 43 98.6 mg/L .
107.1 mg/L. 120.6 mg/L; i A1l fii S8 K N,
T.Y 0, X SRR s, 2000 109.1 mg/L .
116.04 mg/L. 119.3 mg/L; iX 2 M S 40 &2
7 A SC PR O BE T AR AT R AR SR oY Ml 11N
(Kl 5 A-C). ItAh, X 3 M E IR R S
TAL 4L TE 1 & A= A8k, e 2 25 W 41 IS 7Y ODegoo
B, FHHAXEFEmR" 55 ODego [HRIEMHXKR
(K 5 A-C).

T RIE S9 FI ALL i 3 RS AYLL A AR

% : 010-64807509

X TAL AEAGIE T3 HI5E0R , 43 5 He) S e o7 o5 Y 2
B oRARAR, FLARAT 6 Fh ISR, 4351 SOY/ALIN
SOI/AL11Y ., SON/ALLY. S9Y/ALLY. SON/AILLT,
SON/ALIN, j# It 2HA AR T UE, SOY/ALIN([F] %
7 A SC PR B 1 s A5 31 A 41 ) T SONVALLY 8 AR {4
PR R S T R R AR,
J3ik 121.2 mg/L A1 122.3 mg/L, Ff Hi%y = #ng
TR R AR R 7 (K] 5D) . A R R Y
SOY/ALIN FI SON/ALLY X 2 Fli2H & % A8 ffy 52 ]
DL TAL iR 11 .

25 FIFH SIN/ALLY RERRESXNEZIR A B
P

]

N T AR e AE TAL 2878 (& SON/ALLY
AR R S F RN LA R R,
SON/ALLY 2 725 A Jo s e N\ ST 16 2 U ) 22 ) s
AR =77 Pk CP0032 1, DLJF IR WT-TAL ks
P % BE . 3ok #2 f k BEPE A HPLC A3,
SON/ALLY ZRAFIKEEARTE 48 h B i XF 7 G IR ™
kF 3942 mg/L, EXFHE WT-TAL Bk &
(180.5 mg/L) Ay 2.21%; X BB #& Y ODegoo JGHH
W25 (B 6). %45k — 20 Uk BRI i 1 =
ARG PE TAL S8 A8 AT LA HE— 2545 i K B
A WO TR Y 7
3 it

Xof 7 R — il EL AR 22 24 B P R0
{H I RIRE A G R A P B AR 77 X A
TR AHNT T Ge i Ak 2 B BURIAE ) B BT 20k 16 2
AVF 2. BT, CHGEXNE ZRNHAEY G
FEL I TAL fiE LB 2 BRI L4 fhm Ao
ER, XL IR IE M R e R Ik, T RE
F=Hh TAL B fb 16 T8I

h T ff e TAL BSE AR (18T, ACB 58 i
D% PCR BORXPRG LI B) tal JE K 4T T BEALSE
AR I FE R ST R O 3 vk MBI 58 AR A ST
JEH e T K2y 10 000 ASZeASAK ., 18 i 4 i Al

. cjb@im.ac.cn



2374 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

140 ¢ @Titer O 0OD, 112 140 mTiter O OD,

120 i 110 120+ I |
I
16 ﬁ
14° i
12
sox>z ) ST
Nnnnny E

=]

1007

ro———— R
O— NW kAN 0 O —
ODgy

Titer (mg/L
o B O O
o O o O O
T-TALE—/———=
Y /——
SOA F—=———o
SO C/—————
SODF——s
SOE /s
SF /m/m—/—"
SOGF/——'
OHE—/—/—
W —————
SOK ———=—
SOLF—
SOM /—=
Titer (mg/L
[ I N o ] 5
oSS S &S
1 =
K —————=—
| B ]

% JZU0UECTSLSEE0 >
' 7 R e
= =
C 60 110 D 140 ¢ @Titer 0O ODgy, .7
ETiter O ODg, 19 o T
50 18 120 - 16
340 17 100 - 15
gh 16 = W ogot+ 14 =
E 3o s E N~y
§20 14 Q E 60 r 12Q
= 13 = 40r 12
10 12 20t 1
0 0 0 0
el =5
EFECECEEEE PP T S s
COBNS8LUAR a8 Ra0a RS NN U\
= $S S S S

l 5 SERARTHRFEESRTERNEZERTEM ODe (A: SO M AIBFIRTIRERRN: B: ALl L S1f
FRLIREERYAEN; C: E518 ImiBFRTIRERRM: D: SO ALl i m4EERTARIEN)

Fig. 5 p-coumaric acid titers and ODgq, Of single and combinatorial TAL mutants. (A) Detection of S9 single saturated

mutants. (B) Detection of A1l single saturated mutants. (C) Detection of E518 single saturated mutants. (D) Detection

of S9 and All combinatorial mutants. All data and standard errors in (B) were derived from three independent

biological replicates.
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Fig. 6 Shake flask fermentation of E. coli CP032 H
SON/ALLY and CP032 WT-TAL strains. Filled circle with 5 G
solid line: p-coumaric acid of SON/A1LY; filled square with

solid line: p-coumaric acid of WT-TAL; empty circle with &3 ﬁﬁ’f@%ﬂﬁe*?“ﬁ W5 2B, 24 S9 i s
dashed line: ODgy 0f SON/ALLY'; empty square with dashed 2% AR 2% 7R .
line: ODgy of WT-TAL. All data and standard errors were HYL T NAALL LR GER N T Y I,
derived from three independent biological replicates. TAL E’J@%Yﬁﬁi%%ﬁm , T4 E518 fi s kA
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