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Whole-cell Catalyzed Production of L-tyrosine in Recombinant
Bacillus subtilis

LIN Weichao?, SUN Wen"?, SUN Xiaoxuan"?, ZHU Xianfeng"", ZHANG Baoguo™’

(1.Institute of Microbial Engineering, School of Life Sciences, Henan University, Kaifeng 475000, China;
2.Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: Objective: This study conducted a recombinant Bacillus subtilis strain capable of producing L-Tyr utilizing
phenol, sodium pyruvate, and ammonia. Moreover, the conditions of cell culture and catalytic reaction were optimized to
improve L-Tyr production. Methods: The tyrosine phenol-lyase (TPL) gene from Pantoea agglomerans was codon-
optimized and successfully over-expressed in B. subtilis. The conditions of induction and whole-cell transformation were
optimized using single-factor experiments for L-Tyr production. Results: The highest TPL enzyme activity was achieved
4.65+0.15 U-g! in the recombinant B. subtilis at 20 °C with 2.0 g/L xylose after 36 hours. Under the whole-cell
transformation conditions of 75 mmol/L phenol, 75 mmol/L sodium pyruvate, 487 mmol/L ammonium chloride, 2.0 g/L
sodium sulfite, 2.0 g/L EDTA, 0.08 g/L pyridoxal phosphate (PLP), wet cell mass of 50 g/L, pHS8, and 35 °C, the L-Tyr
production increased to 9.38 g/L with a conversion rate of 73.24%. Coping with the issue of decreased TPL enzyme activity
caused by phenol resistance, a batch feeding strategy was implemented during the whole-cell transformation, resulting in a
final L-Tyr production of 15.12 g/L with a conversion rate of 75.51% after 20 hours. Conclusion: These findings
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demonstrate the successful conversion of phenol and sodium pyruvate into L-Tyr by the recombinant B. subtilis strain. The

study would provide a theoretical and technical foundation for the production of food-grade L-Tyr using whole-cell

biocatalysis, highlighting its potential for practical applications.

Key words: L-tyrosine; B. subtilis; tyrosine phenol-lyase; whole-cell catalysis
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IR . L-Tyr XM E HA W EN, &
RO PRE . XHE DIRER LSRR RS
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T, TR R R AT LA I e 3R 17K, A
TR R RO R g iz 1 A8, BRI, L-Tyr 7]
FHVEREE AT, A, Sea83d ) (5 uEss T L-
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H A, E AN L-Tyr B9 F= 58RI EE N KRR R
F BT PR RIS, BRI R SR HR 9 EUs A IRk, f
AT . Heds . 255 . IS0 BRI, S Es 1R
B L-Tyr, & H BUK e S 27 FOEEA FR . 77 5
M2 4% Iy E SR, BR T 8 H K g
2, L-Tyr 1A=y i 45 fhg G ik . Rk
[ CRE R S W R gt 2o sy e 1| B Vs 7/ B P4 N E )l )
DL-FSZIR, Wiik— L3755 . Ab2# G Buidkn) T 2w
B SRR, —BATE ] Tl Az p=t 12, Kk e
F& LAA= Wy sl Sk ok, dm i Ot R E YRR E S
RIS R R Bk B -2 IR, 7F Ping 25 (ot
S, 38 A AT B A A AR R SR 1Y) # 5k,
SR B T A SRR IRIR A . FEd 48 h YRS FE
Jaf9E] 7.11 g/L 19 L-Tyr. A A2l a &gk
B EATA I et , o7 i bk o 22 M ] L% 2018
P 7 IR T, SEBR AT PR AR YR A 7 L-Tyr, th H 455
3.1 g/L L-Tyr", BEEEA =1 L-Tyr P AN E, A
HAE TN FHMME . Bk 248 R A= P 4n i
PN P 20 By SR IR I . TN ERPR AN 5516 R -1
IRV, e T AR 1 s . %I IR R
XoF PG TS5 G H SN S5 R AR L A58 T, (Hdufr e

TR E T2 . IR PEA T BT, JIT LB AR SN 7E
KIGFTFe Pk TPL 5, A S m s+,
il It A= g e b i Jr X5 8] 16.17 g/L L-Tyr, 1M
Xu ST S AL PERE LAY TPL J-4E K IGFT
PN RIS, BB S s HEAb R 348 T 48.5 /L 19
L-Tyr. Li %S ¥ L-ZLIER (L A1 TPL 76 KW
P TP L FRIA Tl 48 L-pg 2B M IS . AH% T3
A7 B AR T DL Hil 48 L-Tyr, WA G 4%
10,5 B B3R 8, TEARSK L-Tyr A2 7758 BRAFRT 5.
H i, 2Pl AE 7= L-Tyr BIWFsR #4E b T K +T
PR, RIAAT T S Rl e i A R I Rl H LR 523 18), 335
FEWIREA o (B TIGAFPRE R L- 12 1 A = TR
FEAEB WE TR AT Yo TN FE R G528 4 [n] i, i &RF
BRIEE AL IAR AT L-Tyr ZEEDS . BE2540Hs AN

IR0 o He S L /AN I =gt I DA S R = T
B4 A S N = TN 7 oOa SO e 7 M U (1 o R R o

R AR RR L SOR B IARLAS . I RIAR GO L
Wz I H AR 2R B B
o R ) A R0 AR SR IR T Pantoea agglo-
merans 1% 1% B2 1) 244 i (GenBank: AAB24234.1)
TEANTE AT B. subtilis164T7P Hhpafegeikl, 44
FEFELH AR B. subtilis164TTP-pMK4T7/TPL, W&
ZHAL L ZEHIAT B B. subtilis164T7P-pMKAT7/TPL 1
S A A AR AL T FA DI ERTR . 2RI F 22k Al L- 192
iR AR T 3R L-Tyr A= RS S5 37 414
UMM SA A TITTE o IO B UK A B 2R HOAT
PR FE Ay =X T L-Tyr iy, A asiim
AR SR AT A S AR A A il A L-mE 2R ) Tl
O FHEE AL T BRI LA
1 #MR5RE%E
1.1 #RSEE

A S ZEAUAT B B. subtilis164TTP ., 5K, pMK4-
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Fig.1 Catalytic synthesis of L-Tyr by tyrosine phenol-lyase
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AR BRHIHAZ IR N VIR TaKaRa 2\ F; Axy-
Prep TM Plasmid Miniprep Kit, AxyPrep PCR TM
Cleanup Kit ZB#HEWHARGUHDBERAF; R
H BCA &M iR & AT R8s Ak
UyA BRAS T 505 . INERAREN . D-AKE . BRI 1 |
WHELHREN . bt . 2 M 2% (EDTA) . 5 5
FEWE R-250 A siMAERHE (DA RRAF oS
Stk = A 3L7RAE AR (CTAB) | BEiR &40 R A —
o ZRIRE () A R F]L L-BS iR ST
ali, ZEFEFHE LD AR A

DK-8D M =FLHHEIR /RGN i sl
[ BRE 54 BRA T EPS-100 ZRRHL KA. FiERAE
B AR F]; H1750R mRE & =N B LPL I
WAL LB = ANER T R AT RN F]; GET3XG L P 1
A ATIHAATERE A BRA F s LC-20A S330RF (A
{¢  Shimadzu( H4%) 2\ ] MLS-3780 15 AR K P
#% SANYO(HAR)ANF]; ZQZY-78BES ¥Rz 15 F-4H

MG HEA S A BR AT

1.2 EWHE
1.2.1 FEFRELAECH] AN ZETRAT PR B IR SN R
B R LB 553 8L, HiZH 4528 5.0 o/L BELEMs .
10 g/L FE AR, 10 g/L ks, BEZEKE i, ARz
FESAEFHILAE_ LU 2% BB o
1.22 5¥iit DAY BURL pET-28a(+)/TPL
i PCR #i4, T7 1 T7t 514, PCR ¥4 . PCR %
REZAAFUNTTR: 95 °C TiAEHE 5 min, 53K 1 ¥ 95 °C 28
T 15 s, PHE 30 ¥k; 55 C iRk 15 s, P 30 ;72 C
HEAH 30 YK, 2 kb/min; fixJ5 72 °C ZE{P 3 min, J§EF
1 %5 16 CPHH 1 IR, B 87k & iz
YHARA RS w1 F 5 2517 Blast J3 8 Hext . ARPE
FEXH 285 5 S o (9 B I 405 B, #64F EcoR T . BamH
I REGYISL AL, Bt I Gl — X7 G B IR 5 4
pPMK4-TPL-F/pMK4-TPL-R, JFFI&% % 1,

R ARHTH RIS

Table 1 Primers used in this study
Elk/E s SIHTA(5-3) K/ (bp)
T7 TAATACGACTCACTATAGGG 20
T7t GCTAGTTATTGCTCAGCGG 19
GAAAGGAGGATATACCGGATCCATGAACT
PMK4-TPL-F ATCCTGCCGAGCCT 43
CGGGCTTTGTTAGCAGGAATTCTTAAATA
PMK4-TPL-R AAGTCAAAACGCGCAG 45
T7N-TesF GTGAGCGGATAACAATTCCCCTCTAG 26
T7N-TesR GTACTGAGAGTGCACCATATGATCCG 26

T AL R RIZERR

1.2.3 HEEEHIFRIRER  LASUR. pET-28a(+)/TPL
MR, pMK4-TPL-F A1 pMK4-TPL-R 475 |4, PCR
P4 . B R pMK4-T7 JHBRH11E: PI VI EcoR 1/
BamH 1 YUJ#E|. BEUI =4 F1 PCR F=4#RH AxyPrep
PCRTM &S IAFI & alifbEN DNA . #R )53 R[] IR
AR GV kAT — B ek e . ™

W% N E. coil DH5a [BSZ S AU, ¥4 T 100 mg/L
AP . 37 °C fHIRE;FRIE %, E. coil DHSa
IBZ ML T S B 5 AT B ™ k.
5|4 T7N-TesF/T7N-TesR X} BH ¥4 %% 1k, 7 PCR %
jIE, PCR Z5 5% & g N2 AE W HE AR A RAF,
LABGIE H 20 Tk, pMK4-T7/TPL J& 7 il Ihi as . #k
BB P 25 SR E A 1 B AR SR EUSTRL pMK4-T7/TPL, %
A B. subtilis164T7P JEAZZ5 P, IR16 T 100 mg/L &
TR EPIMAR, 37 °C iR I% 3%, B. subtilis1 64T7P 3%
2 AU A £ AL T S 01 R T s
T HRECH S AL FHE T PCR BIE, SolFgh ik &=
AR ZE A HRAT BRAS AL R 45 S5 TR A 1
W BBk B. subtilis164T7P-pMK4-T7/TPL 4y 44 A
KC-TPL,

1.2.4 EAWEFHEFEEIRNRIBEIE  ERE IR RIA
PERK B. subtilis164T7P . 25 PSR RREER B. subtilis
164T7P-pMK4-T7 FlF5 3 FRIAE MK KC-TPL [A]HJ 3
TSGR EE, BB

1.2.4.1 HERE:FE B B. subtilis164T7P . B. subtilis
164T7P-pMK4-T7. KC-TPL ) £& , Pk B B o5 i T
3 mL AL LB, e 37 °C PEIRIR Y 35 9740 .
200 r/min 53¢ 10~11 h, L 1%(V/V) iy Fh B4
£ 100 mL LB ¥ 37 3L f, 24 ODy,, ik £ 0.8~1.0
JE L, MW E N 1 g/L i D-KEFiHE S, 575
37 °C. 200 r/min F535F8 5 T 1537 24 h, B egsh
J& 4 °C, 8000 r/min B5.0> 5 min WAEEIA,

1.2.42 PR I UK S  KC-TPL WYRERE T
1S R OGS . FERERRAN B 2 1T, T 2t
AT =R BRI B R . R SE U, KR
fm L 5000 r/min (435 3 250> 30 min, BUASTTHE A H
1 mol/L pH7.0 ) HEPES ZZ Py B 5. vt
P EAE VIR S5 F AT, M S50k =
3 s, [E]FE 5 s, AT 4 YK 20 min, IR K 130 W, i
PSS UE . FE AR LA 12000 r/min BYEEETE 4 °C B0
30 min. _IEWE A T ok B A BCA & (A HeEE
AE T ARSI B P e BE R AR R A R R . o
LERSEA LA BIRA SN 5 min, FFLER
Jin 10 pL AR E] 12% SrESHEAT 5% Wedae . Bk
M58 90 V IEAT 20 min, RIS VIHE] 160 V H,
VK 100 min. H UK EE S o 25 B 375 i T v s 68,
1 h, Bl RO A T AR 3

1.2.5 BEEERE  TPL BRGS0 5 S R R s AR
R8T T . B 0.1 g KC-TPL @4, in A
10 mL Sz AR Z PN I 4 5T 3280 1%, 4% 193 JoT 2
51E 1%, 0.125 g/L PLP, Z/K ¥ pH7.4, 54 30 °C,
200 r/min 54T FHEATEEIE SR, 30 min J& FHMRER R
LR ) 0, ) FH S RSO AE (6,352 (HPLC) A f2
R L-Tyr FIHREE . TilTE 2 O LR T &
e P AE AR 1 pmol L-FES 2R Frs 22 iy ik —
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RS RAAL(U) o

HPLC Kl 5144 taii A Agilent C, g #:(4.6%
250 nm, 5 um); WaAH V(8.5 mmol/L Z BRENE UK
(BRI E pH=4) ) : V(I EE)=4: 1; SL/MEII P KN
230 nm; ik 0.6 mL/min; PEAE I 20 pL; AR =
I S
5 ST B KT 5 B AN A(U) = —

Txm

2 n OSSR B L-Tyr MO5EE /R
¥, umol; T BB [E], min; m S ITA W AR R
TR, g;
1.2.6 i 22 1R 1y 24 fire Pt 0 ki R 2R A4 B rh 2Rk Ak

TEABE TS B BE, BB TPL 3k 52 i 8 KAy K]

FIATIISY, 3 BJEREFRIEE (20~40 °C) . BEFEIH]
(12~60 h) F1F5 T35 (0.5~2.5 g/L)
1.2.7 SUFLA0-G il L 20 w44 22 2 r At
b KR BE 24 h )5 TR ES O ISR T AR, Y2 T 16~
24 hJ5 7€ 37 C FEIRH 1.0 g/L B CTAB 4LFE 1 h
JE VR U —20 C £ H o A4 f5 b A &=
(10 mL): # 100 mmol/L Z£; . 100 mmol/L TN AR
4. 650 mmol/L S k¥ . 2.0 g/L Na,SO;. 2.0 g/L
EDTA. 0.125 g/L PLP F 50 g/LL KC-TPL &4 g%
A 0.1 mol/L B§MR S i v, IR N 45 14: T=30 C.
pH=7.4, ;X )% 10 h J5 il A 1.0 mol/L NaOH ¥ fi# 1t
VE, F HPLC K5 52 i i b L-Tyr 9 & HE . 44
FAbBT B A 5 52 2RI REte BE (25~150 mmol/L) |
FRANMIHEE (20~70 g/L) . IRV IR (20~45 °C) . I
WIhE pH(6~9) FlfAE PLP ¥ (0.06~0.14 g/L) .
1.3 BN

AT SIS EAE 3 R, AR S 5 R Excel
2019 FATEIRSETT, FIA IBM SPSS 25 BYBAR 27
2553 BT v IR -8 2 A R AT S S P dr
(P<0.05), JH Origin 2022 ¥4 .
2 FERS57Hh
2.1 EEMEFMME KC-TPL FEE

R 1.2.2 iy s g i TPL 2K H B,
Blast 2% 5 i 71 1 220 R 1 24 i Tl 1< 52 4 1371 bp,
TPL F Bedfi A F| pMK4-T7 #4419 EcoR I . BamH
I BgYI7 s 2 \], 733 )Tk pMK4-T7/TPL, 20 2
FiRe RIBFLIARSFE R TPL 3K AY50R. pMK4-T7
SRNTRR, A3 SR ZE B, subtilis164T7P Th3ik, 1R
FEL KA SN 3A FTas, B4R A ZEFAT B R S 4%
T BN H AR A BER/ A, P ab Rt R AR &k
G2AR o EENS B. subtilis164T7P . B. subtilis164T7P-
pMK4-T7, KC-TPL #% I J7 % 1.2.4 75 & FN WL %,
SDS-PAGE £55RE 3B s, 5425 X REAHEL, E4H
PHAE 50 kDa 37 B A I B ARS8 1 2%, SHLG
{EFEAR—2, W] TPL ZLHAE B. subtilis164T7P H1

T7

_~TPL

cat

—T

repC \bla

K2 pMK4-T7/TPL k3 M Fok £l
Fig.2 pMK4-T7/TPL expression vector

Bkba M | 2 3

130

93
70

55
TPL
40

30

22

K3 TPL 5akE(A) 5K (B4R
Fig.3 Results of TPL cloning and expression

1 : AJKkiE M: DL 5000 marker; ¥k 8 1~2: TPL 5 [ &5 3
B. Yk i M: protein marker; VK i 1: B. subtilis164T7P H i ;
Yk 2. KC-TPL #l B ¥ ; 7K i 3: B. subtilis164T7P-pMK4-
T7 R -

22 MBS AESEAMESFATEPRIAMK
#R

2.2.1 FEFFIRBEXT S 2R My AL B AR 52 1
SR K Wi A P 5 ST TR 1R DA R AN B 1 A R R A
BIHEMA] R TR AT AR R A RO A
O AEIREE BT RIEE, B s, [RRE,
RSP R EUE L R LS . REH M)
B, R RE DT 1.2.4.1 INAGE SR, 4 BITETR
JE 20, 25,30, 35,40 C &M M FHEMAERIL, b

a

100

fesd
S

g
60
=
% 40
20
0
20 25 30 35 40
KRR (°C)

4 BRI A B AT T TPL 3RS0
Fig.4 Influence of incubation temperature on the expression of
TPL in recombinant B. subtilis

e AN FRFOR AR B 25 5, P<0.05; 5] 5~ 6 [Fl.
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B TPL 7EARRERE ST T IBES, 25 R aniE 4 s,
MEEFEIEE Sy 20 °C B (BEER 100%), TPL S
I S T HAB IR, BEE M 20 °C 3] 40 °C FEE B
TRLBE B THES T RATS, PRI 20 °C Ay 2H A BT 2 F AT 1
Fan BRI

2.2.2  FEFEEFEDA S R I AL Ak se e B
FEBTAI SR B A A ROIRAS, X B4R FH AR BR5K
SR HBEE R AN BT IR () g, WA R
Syl i aniis e, s A ROk
A2, I HLPEAAS A SR 32 R PR
FEAER S BEAR H AR B, AT X il 0% 7= A 5
Mol FERETTYE 1.2.4.1 IIASB SR, 43 90HE 12,
24. 36, 48, 60 h A~[FE]YiF5 S0 ] H— 22 = 1Y PR AT
ATEEE IS, 255N 5 R, SE5FERHAMIR T 36 h
sk, TPL BB W, 36 h i ik 2] fe AR (BETS &
X 100%), BEJS Bt 36 h J5 TPL g% IT 4R FEAIR,
AT REJEAS T 2R A 3R 5 W p AR = 4 B SR R i
RIS, HIRKA SRR 36 h BT LA 5 2E/0FT
AT RS g scsg .

o0f . a
80t
X
gz 60f
=2
E 4

20

2 24 36 48 60
IR (h)

Bl 5 BESRIHRDO AN 2 AT P TPL RIK 1520
Fig.5 Influence of incubation time on the expression of TPL
in recombinant B. subtilis

2.2.3 75 S R X K 2 R 43 22 Tt (1 R I8 2 i)

D-AKEVE 75 0, — 7 T D-AREAR B IR 2 kAN
F| 5 BHE 8 125G R AR EE, I3 — 5 TR EE R w2
AR TS AN S T LR, ST A A
K, BT B I AR R A T SRR 1.2.4.1 43

100
80
60

40

AN T (%)

20

0.5 10 15 20 25
ARWEATE (/L)
Bl 6 D-ANHHE BN FALR 2 AT B TPL RIARY R

Fig.6 Influence of D-xylose concentration on the expression
of TPL in recombinant B. subtilis

AJNA 0.5, 1.0, 1.5, 2.0, 2.5 g/L &K D-AHH
755, I o 2R 2R AT R R AN RS D- AR
AN BIEENG, S5 AN 6 . BEE D-ABHHK
JE R =, TPL B 0GBl 2 B0, 24 D- A 2 3k #
2.0 g/L(EffIGRE LA 100%) At TPL s tEfosr, tbis
BE# D- AR IR, TPL AYIEERZ I R .

23 2R EHMHER

2.3.1 RGBT gl & Ak L-IE iR Y
SEM S SC R AR Y, SR EE 2RI S R S
KR BRIDTUE, X 40 MOA B0, DRI R 1y
e SRS I B AL IR A B L-Tyr USRI, N T
R4S Py Y 3 o 4 4 B 5 AR SR g s ), e BB vk
1.2.7, 7E VAR 22 A HIAAS [R] 4 J3E 9 45 B3 e A6l -
Tyr BYr=&, G552 4NE 7 Fis. KHREEFE 75 mmol/L
AP L-Tyr Fm i imildl 6.5 g/L, MMk s T
75 mmol/L i, ZEEy £ %F L-Tyr A& 8= 5 B 310
i, ZREYHEE T 125 mmol/L A4 L-Tyr =A%,

7 100
6 80
3
&5 ~
i 4 60 £
)
i) 20
1
0 0

25 50 75 100 125 150
R FE (mmol/L)

7 ZRBEE XS KC-TPL 4% A& it L-fig 2R A2
Fig.7 Influence of phenol concentration on the synthesis of L-
Tyr by whole-cell transformation of KC-TPL
TE: AR 7RI L-BR 2R A B35 2252, P<0.05; 5] 8~

Kl 12 [F,

2.3.2 AT AR LGl L-BRE IR 1R

ST R SR AR 7 B R T SR I REAR A 7
AR, T ZEXRT A A S A FR R A A I A T A .
AR BEACERAN R A RS I, 2 X T4
2P SONES RS TE ) P REV R, (ER A A2
AR RIE . D 1 P Hl A s S s Bk, 1218

g
S

.
W
i
:
;
7
i

T

7

T
e
S

L-fig i it (g/L)
S = N W A L I ®

R
R
S

i
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s

G
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TR
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T
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S

s
S

50
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K18 AR EEXF KC-TPL 444 fb -G i L 2R ¥ 52
Fig.8 Influence of cell concentration on the synthesis of L-Tyr
by whole-cell transformation of KC-TPL
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T 1.2.7, PR E S 75 mmol/L, 7ES=4iiuss
AR 22 H I ACAS ) o 3 A T 4 i, &5 SR an &l 8 Jr
o BEAE UMM BERO$E S L-Tyr ™ s a2 35, >4
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Fig.9 Influence of reaction temperature on the synthesis
of L-Tyr by whole-cell transformation of KC-TPL
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Fig.10 Influence of reaction pH on the synthesis of L-Tyr
by whole-cell transformation of KC-TPL

SNBSS &, T i aniuiE b
SN NS 24, 3 R8T 15 1.2.7, TR s 468 ) 490 g e 58
50 g/L. ZEEMREE 75 mmol/L . IR WIREE 35 °C, Xf
N AIIE pH S TIFSE, 53R An1E 10 IR EEAAS
B IEHUAT P AE SR S T R AR SR L RE
1EG 4k pH N 6~7.5 B, L-Tyr p” &t Bifi %5 pH J &5 1M
e, 24 pH=8.0 A} L-Tyr By=HEik im0 8.5 g/L,
Z a4 pH>8.0 B L-Tyr F=E B Wb,

2.3.5 PLP ¥ BEXT 240 -G il L-F% 22 R 1Y 52 1)
PLP J2&— P a2 (il 71 220 M iy 2L fe e A )
SR, PLP B3]« a3 e, v LS TPL 3%
PE O TE B P T R S5 4, AEFRRIC ) o FR LR
U EEHEERY PLP 0] I RUSAIE TPL BES, N
T A g R CRUE RS M, # R OTER 1.2.7, #5546
HHIH N 50 /L. JIRIHE N 75 mmol/L . S i
B 35 °C. JRVRIE pHS.0, 7E4 4440 K A i
ARG R PLP TS, G55 anE 11 Pros. 24
PLP ¥#kEFiA%5] 0.08 g/L 5, L-Tyr FEA4EEAE 9.38 g/L
iy, R g2l As K 22, PLP TE4- 4 a4 4k 2 v
TRYES N E S 0.08 g/L.

BeA R (%)

L-fE &Rt (g/L)

/A S

008 010 012 0.4
PLPIJ¥ (g/L)

Pl 11 PLP WX HE2H I KC-TPL 224 Ak 73
L-Ji & B2 (500

Influence of PLP concentration on the synthesis of L-

Tyr by whole-cell transformation of KC-TPL

Fig.11

2.3.6 FEWSHLENEFS R L-BE R SrdtirbRHEE
KRN FE PR3 B T IMA B AR Z= . 2SS
W) A B BRATR B — 2 AR, FRAREE — kM), st
VLGS B 234 s, TP REE SN TS FE,
I FENG R BAIG, TR 788 kbR, DLk
S, BB S AMMFALESRCY, SRl nT LA 309,
MR AN . FE TPL AL 104 40 i S 3 v,
PRI T TPL A4 E FH 52 e 4= 4l iad % A0 SN 11
SCERAZR, JUHURE BRI LA S BE 1A F] 125 mmol/L
B L-BE &R 00 = o 2, DRk 28 iy 5 e — 58
AR BE T LR R B AL RE J1 o AEHASAAER
AT, B RBCEE 25 mmol/L 2% Fy F1 D3 Bl R 40,
S5 AR AL, BEFE 4 h b0 25 mmol/L, 3t 4% k)
125 mmol/L JIE¥ . I/ 20 h J5 &5 anlE 12 s,
L-P MR 10 7= s 3 15.12 g/L, Fib%h 75.51%.



<122 - £ Tl B4

2024 4F 11 A

181
16
14
12
10

L-FR @R i (g/L)
FeAb 2 (%)

(=2 S )

1] (h)
K12 JERYIANE A" LB AR
Fig.12 Substrate batch replenishment for L-Tyr production

3 45ig

ARIFENG TPL B RIAEA S 2F AT I rh se R
i, B A B ZE AT B B. subtilis 164T7P-
pMK4-T7/TPL, 1 5 il i ¥5 32 SR fb s 8l 17
TPL A€ 55 40 Ak B 2R FFT oA P i s A0SR 1k, 8 X &
ZH AR 2T PR S 4 BE R AL S, B2 35 °C.
pHS . 40 g ¥ B Sl 50 g/L. JE# KWy 75 mmol/L.
NERAEREA 75 mmol/L, S8 4kE% 487 mmol/L ., VAR IR
#4 2.0 g/L. EDTA 2.0 g/L 1 PLP 0.08 g/L 14 F 4=
A IRASE 9.38 g/L L-Tyr, #1b3H 73.24%, #
— R T R S OB IR AR X T TPL p i, 3@
LA RN RS, FE 20 h PNArHERMER 4 ¥k, SRR AR
Bl 25 mmol/L =Wy, £ 3K45 15.12 g/L 1 L-Tyr,
FeAb %A 75.51%. ANETAFEHRIBFFEE R L-
Tyr A7 TR, AP E O TPL FEAN B2 f AT
P SRS, PR T —F S e i e A 7=
L-Tyr W7, 8 i = gt 46 77 U4 7= L-Tyr, £#
UE L-Tyr 2404 R, tol e 1 SN B 52 435
T, B T AR RRFFRISEN0 L-fg 2R
XA, S5 S Te 22 Mk ) FF A Ta) Ak ek it
— WY, R T AR A T T .

© The Author(s) 2024. This is an Open Access article

distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE L
[1] 3R, BRIEIE, I35, B RBR AT M BT R 3R (1], 452l T
¥ 8] 4k ,2022,52(2): 1-4. [ ZHANG Le, CHEN Runhua, MEN

Jing. Research progress in the analysis and detection of tyrosine[J].
Fine Chemical Intermediates, 2022, 52(2): 1-4. ]

[2] SCHENCK C A, MAEDA H A. Tyrosine biosynthesis,
metabolism, and catabolism in plants[J]. Phytochemistry, 2018, 149:
82-102.

[3] LEHRER S, RHEINSTEIN P H. a-Synuclein enfolds tyrosine
hydroxylase and dopamine pS-hydroxylase, potentially reducing
dopamine and norepinephrine synthesis[J]. Journal of Proteins and
Proteomics, 2022, 13(2): 109—-115.

[4] LEHNERT H, REINSTEIN D K, STROWBRIDGE B W, et
al. Neurochemical and behavioral consequences of acute, uncontrol-

lable stress: Effects of dietary tyrosine[J]. Brain Research, 1984,
303:215-223.
[5] Z#ub gkt id b & m MAT5 (D], B4 Mk %,
2018. [ WU Mengdi. A study on the catalytic activity of iron por-
phyrin and its application[D]. Xi'an: Northwest University, 2018. ]
[ 6] RUAN X, ZHANG S, SONG W, et al. Efficient synthesis of
tyrosol from L-tyrosine via heterologous Ehrlich pathway in Es-
cherichia colilJ]. Chinese Journal of Chemical Engineering, 2022,
47: 18-30.
[7] ALIS, SHULTZ J L, IKRAM UL H. High performance mi-
crobiological transformation of L-tyrosine to L-dopa by Yarrowia
lipolytica NRRL-143 [J]. BMC Biotechnology, 2007, 7(1): 50.
[8] LIY, MAO J, SONG X, et al. Optimization of the I-tyrosine
metabolic pathway in Saccharomyces cerevisiae by analyzing p-
coumaric acid production[J]. 3 Biotech, 2020, 10(6): 258.
[9] GUO X, WU X, MA H, et al. Yeast: A platform for the pro-
duction of L-tyrosine derivatives[J]. Yeast, 2023, 40(5-6): 214-230.
[10] BT¥. L-B R B AMF & MAR L ES ST AR PR
A [D]. R#&. K& X%, 2013. [ YAO Yuanfeng. Constructing the
L-Tyrosine metabolic platform and its application on the production
of Danshensu[D]. Tianjin: Tianjin University, 2013. ]
[11]) A%, A8, 267, LBRBRGS BRI, #33
8. ,2007(33):23-24. [ LI Xiuhua, WANG Ziying, WANG Ho-
ufang. Study on the synthesis of L-Tyrosine [J]. Science & Technol-
ogy Information, 2007(33): 23—-24. ]
[12] 28 F--BEbR L-BERKD]. &7 xR Lk,
1999. [ WU Min. Studies on synthesis of L-Tyrosine by chemico-
enzymatic pathway [D]. Nanjing: Nanjing Tech University, 1999. |
[ 13] PING J, WANG L, QIN Z, et al. Synergetic engineering of
Escherichia coli for efficient production of L-tyrosine[J]. Synthetic
and Systems Biotechnology, 2023, 8(4): 724-731.
[14] KURPEJOVIC E, BURGARDT A, BASTEM G M, et al.
Metabolic engineering of Corynebacterium glutamicum for L-tyro-
sine production from glucose and xylose [J]. Journal of Biotechnolo-
gy, 2023, 363: 8—16.
[ 15] SEISSER B, ZINKL R, GRUBER K, et al. Cutting long syn-
theses short: Access to non-natural tyrosine derivatives employing
an engineered tyrosine phenol lyase[J]. Advanced Synthesis &
Catalysis, 2010, 352(4): 731-736.
[16] #itk, %134k, 1o, 5. &8s 2R B 5L AR 8 4 2 RATEAL
A LB 288 (1] 45 48 4 T, 2013,30(10): 1112—-1116,1137.
[ CHANG Junjun, LIU Junhong, LIU Xi, et al. Synthesis of L-Ty-
rosine by whole cell with recombinant tyrosine phenol lyase[J].
Fine Chemicals, 2013, 30(10): 1112—1116,1137. ]
[17] XU S, ZHANG Y, LI Y, et al. Production of L-tyrosine us-
ing tyrosine phenol-lyase by whole cell biotransformation approach
[J]. Enzyme and Microbial Technology, 2019, 131: 109430.
[ 18] LIG, LIAN J, XUE H, et al. Biocascade synthesis of L-Tyro-
sine derivatives by coupling a thermophilic tyrosine phenol-lyase
and L-lactate oxidase[J]. European Journal of Organic Chemistry,
2020, 2020(8): 1050-1054.
[19] TANJIY, HATTORI K, SUZUKI K, et al. Spontaneous dele-
tion of a 209-kilobase-pair fragment from the escherichia coli
genome occurs with acquisition of resistance to an assortment of in-
fectious phages[J]. Applied and Environmental Microbiology, 2008,
74(14): 4256—4263.
[20] EJAZ S, KHAN H, SARWAR N, et al. A review on recent
advancement in expression strategies used in Bacillus subtilis[J].
Protein & Peptide Letters, 2022, 29(9): 733—743.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.phytochem.2018.02.003
https://doi.org/10.1007/s42485-022-00088-z
https://doi.org/10.1007/s42485-022-00088-z
https://doi.org/10.1016/0006-8993(84)91207-1
https://doi.org/10.1016/j.cjche.2021.05.026
https://doi.org/10.1186/1472-6750-7-50
https://doi.org/10.1007/s13205-020-02223-3
https://doi.org/10.1002/yea.3850
https://doi.org/10.3969/j.issn.1001-9960.2007.33.012
https://doi.org/10.3969/j.issn.1001-9960.2007.33.012
https://doi.org/10.3969/j.issn.1001-9960.2007.33.012
https://doi.org/10.3969/j.issn.1001-9960.2007.33.012
https://doi.org/10.3969/j.issn.1001-9960.2007.33.012
https://doi.org/10.1016/j.synbio.2023.10.005
https://doi.org/10.1016/j.synbio.2023.10.005
https://doi.org/10.1016/j.jbiotec.2022.12.005
https://doi.org/10.1016/j.jbiotec.2022.12.005
https://doi.org/10.1016/j.jbiotec.2022.12.005
https://doi.org/10.1016/j.enzmictec.2019.109430
https://doi.org/10.1002/ejoc.202000061
https://doi.org/10.1128/AEM.00243-08

%455 5 221

MR, A5 BRI R A A LR 123 -

[21] JIM, LIS, CHEN A, et al. A wheat bran inducible expres-
sion system for the efficient production of a-L-arabinofuranosidase
in Bacillus subtilis[J]. Enzyme and Microbial Technology, 2021,
144: 109726.
[22] B4 &4 o F ke ERdd M), A A5 bt
2002: 87-92. [ JOSEPH S. Molecular cloning[M]. Beijing: Sci-
ence Press, 2002: 87-92. ]
[23] RHk, Bor, KR, F. AL FI0ATE T IOE bk o) 5 & AL
B b 3 aeg % em U] F B AR &% R, 2021, 21(3): 369-374.
[ LIANG Dong, CHEN Fang, ZHANG Liang, et al. The isolation
and purification of muropeptides from the Bacillus subtilis and its
effect on spore germination [J]. Journal of Chinese Institute of Food
Science and Technology, 2021, 21(3): 369-374. ]
[24] Wl dz, KAV, Ay LA, 5. = BAR TR 4 2w R0 £ 4 & A, L-
B 2B [J]. #rsmfe 1, 2019, 36(3): 455-460. [ CHEN Mingliang,
ZHNAG Likun, YANG Weihua, et al. Biosynthesis of L-tyrosine
with aldolase, d-serine dehydratase and tyrosine phenol-lyase[J].
Fine Chemicals, 2019, 36(3): 455—460. ]
[25] HEBERLING M M, MASMAN M F, BARTSCH 8, et al.
Ironing out their differences: Dissecting the structural determinants
of a phenylalanine aminomutase and ammonia lyase[J]. ACS
Chemical Biology, 2015, 10(4): 989-997.
[26] fr#pme, Holk, & AR, F TAARBHGHEFRALL

R B AR ARG B R T]. AR A F S Tk, 2020, 40(5):
99-106. [ XIE Jingcong, JIANG Jianchun, GAO Yueshu, et al. In-
duced expression of recombinant f-1,4-xylanase and its directional
preparation of xylo-oligosaccharide[J]. Chemistry and Industry of
Forest Products, 2020, 40(5): 99-106. ]

[27] SOEJIMA K, MIMURA N, YONEMURA H, et al. An effi-
cient refolding method for the preparation of recombinant human
prethrombin-2 and characterization of the recombinant-derived-
thrombin [J]. The Journal of Biochemistry, 2001, 130(2): 269-277.
[28 ] KIM DY, RHA E, CHOI S L, et al. Development of bioreac-
tor system for L-tyrosine synthesis using thermostable tyrosine phe-
nol-lyase[J]. Journal of Microbiology and Biotechnology, 2007,
17(1): 116-122.

[29] XU S, WANG Q, ZENG W, et al. Construction of a heat-in-
ducible Escherichia coli strain for efficient de novo biosynthesis of
L-tyrosine [J]. Process Biochemistry, 2020, 92: 85-92.

[30] KUMAGAI H, KASHIMA N, TORII H, et al. Purification,
crystallization and properties of tyrosine phenol lyase from erwinia
herbicola[J]. Agricultural and Biological Chemistry, 1972, 36(3):
472—482.

[31] MEARS L, STOCKS S M, SIN G, et al. A review of control
strategies for manipulating the feed rate in fed-batch fermentation
processes [J]. Journal of Biotechnology, 2017, 245: 34—46.


https://doi.org/10.1016/j.enzmictec.2020.109726
https://doi.org/10.1021/cb500794h
https://doi.org/10.1021/cb500794h
https://doi.org/10.3969/j.issn.0253-2417.2020.05.014
https://doi.org/10.3969/j.issn.0253-2417.2020.05.014
https://doi.org/10.3969/j.issn.0253-2417.2020.05.014
https://doi.org/10.1093/oxfordjournals.jbchem.a002982
https://doi.org/10.1016/j.procbio.2020.02.023
https://doi.org/10.1080/00021369.1972.10860265
https://doi.org/10.1016/j.jbiotec.2017.01.008

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 培养基的配制
	1.2.2 引物设计
	1.2.3 构建重组表达菌株
	1.2.4 重组菌诱导培养及表达验证
	1.2.4.1 菌体培养
	1.2.4.2 菌体破碎及电泳条件

	1.2.5 酶活测定
	1.2.6 酪氨酸酚裂解酶在枯草芽孢杆菌中表达优化
	1.2.7 全细胞转化合成L-酪氨酸反应体系建立及优化

	1.3 数据处理

	2 结果与分析
	2.1 重组枯草芽孢杆菌KC-TPL的鉴定
	2.2 酪氨酸酚裂解酶在重组枯草芽孢杆菌中表达优化结果
	2.2.1 培养温度对酪氨酸酚裂解酶的表达影响
	2.2.2 培养时间对酪氨酸酚裂解酶的表达影响
	2.2.3 诱导剂浓度对酪氨酸分裂解酶的表达影响

	2.3 全细胞转化条件优化结果
	2.3.1 苯酚毒性浓度对全细胞催化合成L-酪氨酸的影响
	2.3.2 细胞浓度对全细胞催化合成L-酪氨酸的影响
	2.3.3 转化温度对全细胞合成L-酪氨酸的影响
	2.3.4 反应初始pH对全细胞合成L-酪氨酸的影响
	2.3.5 PLP浓度对全细胞合成L-酪氨酸的影响
	2.3.6 苯酚分批补料合成L-酪氨酸


	3 结论
	参考文献

