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L-HPA (il & 75 1% F2A L2 & ik Mgk . e
A R A L-HPA 19 25 vk (H A R
FAFHZ L REVEE . T E SR, A
VA RERS AR AN HL %0 U4 7 L-HPAU P
¥), Lo AU VRN g R Mg, AT BE R £ 5636
MR T L-HPA, [HFALRAAEL R 5%,

Ja R FEN BIF BT LA S A A Ak 7 A
L-HPA (575, Chen %548 52 Ay S SEHEIK
AR B 1 T R O A I A TR e T A AL
2-%-4- 783 T R (2-oxygen-4-phenylbutyric acid,

OPBA)ffil % L-HPA, j7#ris#| 35.6 g/L, §fb*
AT 3K 95%, J& HATEEE A7 L-HPA BYfz )" 4
AR AENTILL L3 SRR o A SR, R s R
5 WG Ak OPBA R i, L-HPA, j= it ik 51 8.45 /L,
AL AT 35 84.5%. H HiIHe &M% A2 7 L-HPA i
LERINAIN L-Z SRR &4, H LAY i
OPBA NJEY), % LZMARAZE a1,
H & B 7R i & B (amino acid dehydrogenase ,

AADH)REAL FHEBIE Ak, L NH,hy 2 2 it
A, FHRBEERRE P RCR R . R REE

S Tl VR AN N FR BT  2  R v B A TN i
M L SR R 43 2B Ak R e s
Escherichia coli JU5 ) NADPH i 14 75 2 it
& W4 (L-glutamate dehydrogenase , GluDH), A
OPBA MMl 45 L-HPA, 15 55.8%"7, %
N % R It % i (L-phenylalanine dehydrogenase,

PheDH) IR PV HEALTE Py, 5 H R =
fif}(formate dehydrogenase, FDH)ZH i % it 75 4F
RG] LML OPBA & J5HicfL A L-HPA , il 43
HAMEIN AR Y A P IS BB T2, IR &
PR 510 mol/L, H4bRikF] 92.5%,
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L-HPA /775 15 5] 81.4 g/(L-d)*", ZHEFRIK S
25 AL AT AR T B4 10 T B AL 5 W0 B RS B
M ZAE Y, [ 2T a7 s Faife
AR, R AR E AT FE R R R R R
P T A ROR R R

AW i I G o A AT s A,
OPBA (C10)4f 70 N 7K L (C8) FIH 2 IR (C2) 4~
] B 5 R R IR W), 7R U5 R T A T
(L-threonine aldolase, TA)BIMEAL T 4665 W B 17
FREER R RN ARSI, P I IR PR
fiff (L-threonine deaminase, TD)MJi 25 24 i Fll 2 KL A4k
Ji. OPBA, fiJii i PheDH fffk.AE it L-HPA , [A]H}
FDH {6 FH R 4 ok S B T NADPH 9 £ I
NEFEPAK B 2 W G Y 7 i T i
L-HPA {77 Wbk, 3830 0 5% A0k 2 R AL 25 AF i
Ak, M T — 255 AR R IRZSETR L-HPA 5T

WAL .

AR

1.1 #H

111 MR, BORAGIY . ABER R EIETA
BRRFI ORI | fT7R, E. coli IM109. E. coli
BL21(DE3) . %t i 2 % g & (Pseudomonas
aeruginosa) . 1+ & MR ¥ ¥ & (Corynebacterium
glutamicum) . S ZEAFFH (Bacillus badius)F H
T % 22 e B (Candida  boidinii) i A 52 56 55
f£; JFki pET28a. pRSFDuet-1, pACYCDuet-1 .,
pETDuet-1, pCDFDuet-1 ARSI R 47, AW
FETRAEINBI YR 2 i, 519t 5N £ mER
A PR BR A F G A
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= 1. ARSI R A R B AR AN BORL

Table 1. Strains and plasmids used in this study
Strains and plasmids Description Source
Strains
E. coli IM109 Clone host Our lab
E. coli BL21(DE3) Expression host Our lab
Pseudomonas aeruginosa Wild type Our lab
Corynebacterium glutamicum Wild type Our lab
Bacillus badius Wild type Our lab
Candida boidinii Wild type Our lab

BL21-PaTA
BL21-CgTD
BL21-BbPheDH
BL21-CbFDH
BL21-C-M1-A-M2
BL21-C-M1-R-M2
BL21-C-M1-E-M2
BL21-A-M1-C-M2
BL21-A-M1-R-M2
BL21-A-M1-E-M2
BL21-R-M1-C-M2
BL21-R-M1-A-M2
BL21-R-M1-E-M2
BL21-E-M1-C-M2
BL21-E-M1-A-M2
BL21-E-M1-R-M2
Plasmids
pET28a
pRSFDuet-1
pACYCDuet-1
pCDFDuet-1
pETDuet-1
pET28a-PaTA
pET28a-CgTD
pET28a-BbPheDH
pET28a-CbFDH
R-M2
A-M2
E-M2
C-M2
R-M1
A-M1
E-M1
C-M1

E. coli BL21(DE3) (pET28a-PaTA)
E. coli BL21(DE3) (pET28a-CgTD)
E. coli BL21(DE3) (pET28a-BbPheDH)
E. coli BL21(DE3) (pET28a-CbFDH)
E. coli BL21(DE3) (C-M1, A-M2)

E. coli BL21(DE3) (C-M1, R-M2)

E. coli BL21(DE3) (C-M1, E-M2)

E. coli BL21(DE3) (A-M1, C-M2)

E. coli BL21(DE3) (A-M1, R-M2)

E. coli BL21(DE3) (A-M1, E-M2)

E. coli BL21(DE3) (R-M1, C-M2)

E. coli BL21(DE3) (R-M1, A-M2)

E. coli BL21(DE3) (R-M1, E-M2)

E. coli BL21(DE3) (E-M1, C-M2)

E. coli BL21(DE3) (E-M1, A-M2)

E. coli BL21(DE3) (E-M1, R-M2)

Kan®, His tag, T7 promoter

Kan®, His tag, T7 double promoter

Cm®, His tag, T7 double promoter

Str®, His tag, T7 double promoter

Amp®, His tag, T7 double promoter

pET28a harboring PaTA

pET28a harboring CgTD

pET28a harboring BbPheDH

pET28a harboring CbFDH

pRSFDuet-1 harboring BbPheDH and CbFDH
pACYCDuet-1 harboring BbPheDH and CbFDH
pETDuet-1 harboring BbPheDH and CbFDH
pCDFDuet-1 harboring BbPheDH and CbFDH
pRSFDuet-1 harboring PaTA and CgTD
pACYCDuet-1 harboring PaTA and CgTD
pETDuet-1 harboring PaTA and CgTD
pCDFDuet-1 harboring PaTA and CgTD

In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study

Our lab

Our lab

Our lab

Our lab

Our lab

In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
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®2. ALBATABGIFT

Table 2.

Sequences of primers used in this study

Primer names Primer sequences (5'—3’)

PaTA-F CGAGCTCGCCTGTCATCGACCTG

PaTA-R CCCAAGCTTTTATGAGCGACGAAAGG

CgTD-F CCCAAGCTTTAAGGAGATATATAATGAGTGAAACATACGTGTCTG
CgTD-R GGGGTACCTTAGGTCAAGTATTCGTACTCAG

BbPheDH-F CGGGATCCGAGCTTAGTAGAAAAAACATC

BbPheDH-R CGAGCTCTTAGTTGCGAATATCCCATTTTG

CbFDH-F CGAGCTCTAAGGAGATATATAATGAAGATCGTTTTAGTCTTATATG
CbFDH-R GGGGTACCTTATTTCTTATCGTGTTTAC

1.1.2 BEgE. LB Kidt(g/L): MRHERYW) 5,
HHM 10, NaCl 10, pH A&, FEASEFRER N
2% 3R, M TEAFR A TRENME; TB
B dk(g/L): Huh 4, BREENR 12, MRk 24,
KH,PO, 2.31, K,HPO, 12.54, pH H#k, Tt
PR TR o P R S AR R0
1.2 BHEITE

B FR IR R 20%, JH 250 mL I
risg%, BFRRE 37 °C, FHIE 25 °C, ¥k
4 200 r/min, BEFRI A 10 h, KWL 45, 4 °C
244K 8000 r/min £5.0> 10 min WA IR, WK
BT T4 14tk . SDS-PAGE 43 H7 DL bz B 6
Mo FERTSR B 45 Fh TR T RE B RRET , 7576 KB
J5 B IR B IS N2k 2 50 mg/L YA HTAE
(L UEBRT)
1.3 SFHE

R PO 300y UM i A4, TRk
DRI ZH B, ORI B . PCR 4 1A 2R AL RS | W)
DNA F Bz, #%32 . E. coli BL21(DE3)I&3Z 2%
e LR IR Ny R e P (= (R BT A Wil s
PIFE AT o 2R SR Rl R 4 R DL
BRI BUAER DRI TRIBACE-RIIEAL , 4 Fhak
PRI [FH B AR R Y 2 sa RIS, HAK

actamicro@im.ac.cn

DU, B AN L3 R TR PR A 1 AR Hh 2 6 FH ks
AP T7 Jash+, BAsEEIIUIN His Fr%: .

14 FALJik

KARALHE . 76 BARFIR 1 mL A9 0.1 mol/L #%
R B 2% ot (pH 8.0)H & A 2k 20 o/L WA
&, 400 mmol/L HZ . 200 mmol/L HIR%L |
50 umol/L BRI ¥ (PLP). 0.5 mmol/L NAD";
AHAEHN : 0.5 mL IE 7S %E M 50 mmol/L
KOBERHW . AR E 30 °C, &Y%k
200 r/min, #%fLHF(E] 24-48 h,

AR R RAE K R W pH: 4 pH hy 6.5,
7.0, 7.5, 8.0 iF, {#iJf] 0.1 mol/L WiMR A1 2% ik ;
2 pH 4 8.5, 9.0 B, f# ] 0.1 mol/L Tris-#hfR%%
PR 24 pH 9 9.0.9.5 F1 10.0 T, {8 ] 0.1 mol/L
e R 01 - e R S 5 VAR
1.5 EHEHSEAL

R IR RIS BT pET28a Riis A5 4 & R
WM FRIB R, BAREARA LA GE &)
TVBR A AL AT Slifb H AR L 11 . 9 5 0 40 B 0 1K 1
10 mL Buffer A #4788, F) 7 I 40 fo i e
ASOXT 20 L SR A 7 R, RS R A L, iR
400 W, TAE3s, 158K 7s, 399 4MF¥R, 4°C
Z4F 12000 r/min 2.0 30 min BRI A,
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WAL 0.22 pm PR IR R IS A5 WY AT
B Ni FEglifh, ek ugm FaE Ni A, REH
5 fEAEAAR Buffer A thVEERA:, LAERBRARESS S
22 EH, SR 0-100%F1 Buffer B %
i 20 NHEAARRR, WA BE W 1T SDS-PAGE 4
Mr, B&A BRGS0 R — e heE &
I, RIGEEIERAR . JJa, FRAR S RO L 3
#| GE AWKy 5 mL BiERAE F, S8R5 Buffer C
VR, WSCHE VRIS S T R IR R A . FE S RS
I =% — 2D B AL U R T o Sl Ak R fif
1 Buffer ¥4 B8 ™ 5 15 B 5 BC il

1.6 EHAEHEENE

T G TR T 415 Ot (TA ) B T5 D 2 7 9« ROV R
0.1 mol/L BFRENZE MR (pH 8.0), 5 mmol/L 5%
2, 50 umol/L PLP, 200 mmol/L NADH, 26 U/mL
T B O S S B B . TA BTG e SR
£ 50 °C 2T, B3 8 E R 1 mmol/L NAD'fir
T B — AN B7(U), NADH fE 340 nm F{ B8
JRIE I R %L €=6220 L/(mol-cm).

i 2 R B 2 86 (TD) Bl 15 W 72 5 vk« i Ak
Z%: 0.1 mol/L BMR¥HZ% mif(pH 8.0), 1 mmol/L
PLP, 40 mmol/L 7B M 2 ng M. A TR
R ST, 1 22 °C /KRR 15 min, JIA 1 mL
LR (0.9% M R 4N Al 1% A SRR IR R . T
254 nm (¢=0.52 mmol/cm) & 4 & W G K 5
PR 2T T R VR L TD Bl 5 R 1 7E 22 °C
SAF, B4 8 AR I 1 mmol/L 2-F TR Fir i i i
A — N HAL(U),

N 2 R AU (Phe DH) V& I 2 s IR
PR AN : 0.1 mol/L BERA 2% ik (pH 9.0),
4 mmol/L K&, 0.1 mmol/L NADH., il
4T 30 °C {1k, InA—E $ALY PheDH BHE 5

TGS, R 60 s £l NADH 7£ 340 nm 998
/D&, PheDH {if Ji %€ M. #E pH 9.0, 30 °C %%
R, 584 L 1 mmol/L NADH Ff i i fili &+
H—AHLE(U)

HA 2 6 S 13 (FDH) B DU 2 7 i RN R4
AWM+ 0.1 mol/L BBRHN 2% il (pH 7.5), 162 mmol/L
R4, 1.62 mmol/L NAD', N RIEG5],
T 30 °C fRifk 5 min, SN A—E HAL) FDH F K
5P RATHRE, 45BE 1 min #9 NADH 7£ 340 nm
A3 . FDH & J)E L : 18 pH 7.5, 30 °C
ZUEF, BRI 1 mmol/L NAD' B i i
H— ALY,

1.7 L-HPA &0 75

AL 8000 r/min #.0> 5 min J543)2, BUK
PR R B R G d VR B, (1 P v A80BOR €3
Rl L-HPA 75t JsiAH4): A #H: 10 mmol/L
KH,PO, ZZ /1 pH 5.3; B M. #IRFILL 5:3:1 1R
Gagkais NG . FEEKR A M, SR pH = 5.3,
WANAHZ 0.22 pm UERES IR, WA SEHER
FF: 8 uL BEAIR AT 4 uL 487 — H i (OPA)ERE,
TELAGAE, BREEVEING; it . Agilent ZORBAX
SB-Aq, 250 mmx4.6 mm, 5 um; Kl&E. 2956
ey, WK 330 nm, K4 K 465 nm.

2 HRAAT

21 L-BARANEREZEHESHBEENRITS
g

Z il 5 ] 45 L-HPA B9 A2 00 75 4 B I
B: HE—F A TA HACH E R 57K CBEH S
A BN RS B R R T R B 1 B ) 5
T2 TD B L 2 3L MR AL ) OPBA (3 2 A 2

http://journals.im.ac.cn/actamicrocn
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JZ )5 55 — A J2: PheDH if J5Jli¢ b OPBA & L-HPA
(5 3 ANHEE L), Rl {E B FDH Ak Y R B R
ST NADPH B4R (3R 4 AREIE ),
BREL Y NH, 22U A, HCOO T4 A=
JR AR (E 1),

TA KW & N RIR Y H 2 R LT
PR — RN 05 R W R . s
SCHRARGE , P aeruginosa KR TA (PaTA)X XY
2R 57K I ELA e AT R R PaTA
WAL T 2R 5 2R S AT LAG R B & 5L 0
KRNAMR, FIIERE PaTA 15 N —25 [ W 1
H IR AP PR R BRI =, LA A
I 24 2 i 2 T3 (TD) Rl A: 1y 5 fige 784 5 2 1R It 2 Iy
(TdeB), #HF5Y % Hif 91 LA Ao o B PE i 8 8 A4~
TD 1 4 4> TdeB, LAAEKRIRIEYIFR 22 R (B L%
LR RN B R 1 S5 A R A R T, B
C. glutamicum Y5 TD (CgTD)X K 22 4 R HA

(0]

*
NH,
A)

0 HI\OH OH O s 0 0
©\)| NH, _A» LZ,
PaTA OH (gD OH BpPheDH OH
o) N
(B)

BETEYE, %) 4.8 Umg B, CgTD ¥R
SRIFC W) I3 2 B2 ) AR il 15 47 30.3 U/mg (3% 3),
IEEHE CeTD 1E M5 — N B . g e iRk
AADH A FRIE 5 Ak o] LK o iR 7
bhy a-EHM, N}y AADH 25 L-ZIEmR 1A
WARIEE, T4 R 280 AADH HEEfAL o-fid
PR Az AR IV 1Y) L-28 BE IR o 38 o SCHR IR R e 12
AT 7 4 L-AADH, 3§ GluDH!" |

PheDHVHI 52 2 R JIi S0l (LeuDH) , LA 1A il /2
(OPBA I ZEHZRALYN) N i AT 0 18, K PR
J8T B. badius 1) BbPheDH % 2K PN B2 1) HL i 77 9
B, iAF T 47.3 Umg & 1" BbPheDH X K4k
TR P 2 R AR G S R 116.5 U/mg (3R 3),
e BbPheDH 1Ry 55 20 S W A . i T
C. boidinii 31 FDH (CbFDH)EA T Z 1) T,
bR R S RO gk $E COFDH fE A 5256
ity , 38 ik B R B ok S EE NADH i 1A

CO, < CBEDH HCOONH,

NADH NAD*

H,

Module 1 (M1):

pACYCDuet pCDFDuet

pETDuet

PaTA: threonine aldolase from P. aeruginosa

CgTD: threonine dehydratase from C. glutammicum
BbPheDH: phenylalanine dehydrogenase from B. badius
CHFDH: formate dehydrogenase from C. boidinii

pRMFDuet

& &

Module 2 (M2):

e v |

pACYCDuet pCDFDuet pETDuet pRMFDuet

f' T 0

T7 promoter T7 terminator RBS

1. RRUWASEMLSH L-HPA B S ALH

Figure 1.

Reaction scheme for conversion of L-HPA by modular cascade catalysis. A: the basal module

catalyzed by PaTA and CgTD; B the expand module catalyzed by BbPheDH and ChHFDH; C: plasmids
construction of the basal module; D: plasmids construction of the expand module.

actamicro@im.ac.cn
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*3. HIEEEREXSH

Table 3. Relevant parameters of screening enzymes
Enzyme Protein MW/kDa Specific enzyme activity/(U/mg) K, /(mmol/L) V max/[mmol/(min-mg)]
PaTA 38.21 31.8 14.40 158.7
CgTD 46.57 30.3 27.60 30.9
BbPheDH 41.35 116.5 0.67 222.2
CbFDH 40.31 31.2 0.50 54.5
WM e 4 Pk TR BL21-PaTA . PR R, Ra, TR EIRE 1l

BL21-CgTD . BL21-BbPheDH #1 BL21-CbFDH
115308, IR i 4T SDS-PAGE 7347,
4 BRCAREA S B H AR50 (K 2), KRB PaTA |
CgTD. BbPheDH Fl CbFDH DU LE T2 &
HOR AT ERIR, 4 PR RIS TR A
FIF RV Al AT 2lifk HAREE 1, e H ARG
B T L e i B 5 pH, & B PaTA |, CgTD.,
BbPheDH il CbFDH FY#5cii i B2 43 51 4 30, 30,
35, 35 °C, #fzifi pH 750 8.0, 7.0, 9.5 1 7.5
(% 3), £ pH Jy 8.0, WAL 30 °C W] 4 Fhfiy
REDRFF 85%LL ERYTEME(E 3), D BefEfbik
Z ' pH N 8.0, HJE N 30°C,

22 L-BRRNERESHEHEEHBENHLE
B, B aE e TR % BL21-PaTA .
BL21-CgTD . BL21-BbPheDH #l BL21-CbFDH
kDa M 1 2 3 4
97.2 — e
66.4 —
443 — . -

29.0 —

B2 ERAIRBEREBDRFERIE

Figure 2. SDS-PAGE analysis of recombinant strains.
M: marker; lane 1: BL21-BbPheDH; lane 2:
BL21-CbFDH; lane 3: BL21-CgTD; lane 4: BL21-PaTA.

FIIEFFEEAE R I, 54k 24 h J5 BOUKAHKE I,
L-HPA fH 4 50.3 mg/L, 4 2 iy BE /R ¥4 4k
AN 1.12%.,

(A)
100 -

80 1

60 -

40 —a—paTA

Relative enzyme activity/%

——CgTD
50| —*—BbPheDH
—e—CbFDH
0 1 1 1 1 1
20 25 30 35 40
7/°C
(B) [IPaTA I CeTD 5 BbPheDH ] CbFDH
100+ - M +MR | - i M _
NN B ‘{T _:f i ]
2 sof][ 1 I 1 Hir
2 [l T
3 iln AL
o 60f [
£
S i I
8 40.
(o]
E
R
T 20f
0
65 70 75 80 85 90 95 100

pH
3. ATEIEE(A)FD pH (B) B X i 15 #h 4

Figure 3. Effects of different temperatures (A) and
pH (B) on PaTA, CgTD, BbPheDH and CbFDH.

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



2836

Jia Liu et al. | Acta Microbiologica Sinica, 2021, 61(9)

e BEAR RT BRI h TR A A ] A
ANTRI A =2 8] R A B RO FEAIR T e f . 2
Ak RN, RO G R EA WL, R
Hh a7 A B R AL Rt A IE B AR, A RE TR
RS BRI AT o il A2 A4 25 v 4 e 28
2, W AR E] RN TE B A P R A A
IR, SNSRI AL R . Ik, K 20
SRR — A0 TP AT BB 23 4 i I W A R ] )
A RSeR, TR R L-HPA A7 &

23 L-BAERNEARZEHAESEBBERNTL

2.3.1 BB EHAMMEMER . RIS
fB(B DR % L-HPA B ZlE5 iRte, ¥
L-HPA 1) Z &5 BUR 27 43 AN [F] AL . M4
AL B I AR, AT L-HPA Z i fb
PR 2 NEOE, FEREASC MI (K 1-AL 1-0)
Y1 oT M2 (B 1-B . 1-D). M1 B F A PaTA
PRAL B 45 I (5] a-NH, 1 B-OH)Fl CgTD 1
FE R R (M BR o-NH2 Fl B-OH), KR Tk
OB IR R LT T OPBA; M2 £l
#1111 BbPheDH H#i5| A o-NH,, ¥ OPBA %41k
JFVER) L-HPA; 164, M2 fiiffud CbFDH
T 25 NADH (4. FATH M1 F1 M2
BERAE R — 2 b 2 ke, T A T =R —
B AL A B L-HPA
232 ARFFCREE LN L-HPA R : N T
ik L-HPA &Rk, RATE M1 F
M2 BEH A 551 A BIAS R SRS DUEC ) 204 I
XF M1 FI M2 BB Rk KT S, LIRS
Fe e TRE B RR o

R, BATHEEB T H LN 10
(PACYCDuet-1), 20 (pETDuet-1). 40 (pCDFDuet-1)
A1 100 (pRSFDuet-D)AYERMA . SRJ5, FIFHFEH &

actamicro@im.ac.cn

PR M1 A M2 B 5 v B3 Bk 4 438
R &, RS EHBMAR A-M1, E-ML, C-MI,

R-MIl, A-M2, E-M2, C-M2 fl R-M2, ¥ iR H
AN DL M1 A M2 B T4 ok, FETE
F E. coli BL21 743k, 1 12 bk TR
W : BL21-E-M1-R-M2 ., BL21-E-M1-A-M2 .

BL21-E-M1-C-M2 . BL21-R-M1-E-M2 . BL21-R-
M1-A-M2 . BL21-R-M1-C-M2., BL21-A-MI1-E-M2 .

BL21-A-M1-R-M2 . BL21-A-M1-C-M2 . BL21-C-
M1-E-M2 ., BL21-C-M1-R-M2 F BL21-C-M1-A-M2.,

FIH] SDS-PAGE X 12 #RAL 3Rk itk 478 1 )
VR R I (B 4). FRAR R A ) 45 D1 B0 44k
HATH A FRIK, (HR R BLBORL 8 DU in 5
A RIE R INOF A B EA . Rk
BL21-A-M1-C-M2 (&l 4 Lane 15), MI fitk PaTA
M CgTD 4RI ZFE IIECH 10 B pACYCDuet-1
A, M2 e BbPheDH il CbFDH % £ 1) 2 %
DUH0H 40 () pCDFDuet-1 24k, SR M1 B A
M2 BEHR I HE S5l RSO A A 3 25 7

XA RE S AN TR R IR E AR 2T . AR BT
FLAPE . B RN RN, BEAEEH
Ko BRI 12 MR TREFELFHESEEH I 4 M
R R A AN R () B 2R, AR WD A TR BT
L 2 (8] () A B AL DL R AL S PR 85 1 2 38
W, SEEL T 4 R HAREERY 22 AR

233 FRERMMTERE: RN 12 %L
PR AT RIS %, &F TR BRIk, HEHAT
FAL SR o FA S R 5 PR, DR A il
R IEAKCPFANT, 12 B T2 W A4 7 L-HPA 68
HH R ER . Hd BL21-C-M1-R-M2 (CR)H)
L-HPA ;= &g, i5%)208.6 mg/L, M4 2
(I BE IR AL RN 4.66%, 235 M1 BEHR [ JFORL 4
DK 20, FRik M2 B ORI DUECh 100



XHESE | RUZEDR, 2021, 61(9)

2837

kDa

M I 2 3 4 5 6 7 8

97.2

66.4

443

29.0

4.
Figure 4.

9

M 10 11 12 13 14 15

CgTD
BbPheDH
CbhFDH
PaTA

ZHAREIERPERRFIERILAKE

SDS-PAGE analysis of multienzyme coexpressed in E. coli BL21. M: marker; lane 1: control cell;

lane 2: control cell; lane 3: BL21-A-M1-E-M2; lane 4: BL21-A-M1-R-M2; lane 5: BL21-C-M1-A-M2; lane 6:
BL21-C-M1-E-M2; lane 7: BL21-C-M1-R-M2; lane 8: BL21-E-M1-A-M2; lane 9: BL21-E-M1-C-M2; lane 10:
control cell; lane 11: BL21-E-M1-R-M2; lane 12: BL21-R-M1-A-M2; lane 13: BL21-R-M1-C-M2; lane 14:

BL21-R-M1-E-M2; lane 15: BL21-A-M1-C-M2.

250 ¢

200 1

150 1

100 |

L-HPA/(mg/L)

50

CE EC RE RC EA CA AR CR RA AE ER AC

B 5. ATREE#E™ L-HPA 15

Figure 5. L-HPA production performance of different
strains. CE: BL21-C-M1-E-M2; EC: BL21-E-M1-C-M2;
RE: BL21-R-M1-E-M2; RC: BL21-R-M1-C-M2; EA:
BL21-E-M1-A-M2; CA: BL21-C-M1-A-M2; AR:
BL21-A-M1-R-M2; CR: BL21-C-MI1-R-M2; RA:
BL21-R-M1-A-M2; AE: BL21-A-M1-E-M2; ER:
BL21-E-M1-R-M2; AC: BL21-A-M1-C-M2.

BL21-C-M1-E-M2 (CE). BL21-E-M1-C-M2 (EC).
BL21-E-M1-R-M2 (ER). BL21-E-M1-C-M2 (EC)

4 BRI L-HPA J7 AL TR SR, 78 A T
170-200 mg/L Z[i; BL21-R-MI1-E-M2 (RE),

BL21-E-M1-A-M2 (EA). BL21-C-M1-A-M2 (CA)
FIBL21-A-M1-E-M2 (AE) 4 ¥k 77 5 4b F h 25
K, PR T 140-160 mg/L Z ] ; BL21-A-MI1 -
R-M2 (AR). BL21-R-M1-A-M2 (RA)FI BL21-A-
MI1-C-M2 (AC) 3 #RE ™ = 8AIK, KT 80 mg/L
K. B, YEEC CR TRER AT T — 528,
2.4 EAWRAET L-HPA &4k

241 HEBHEEN L-BEREBRTENE
WA : 7E TA AP R9mEgE SO, SRR Y i —
FREEE SR ok TR R (R Mk B2 . Ry T B i L-HPA 1)
FraE, B E R CEIRYIHREE A 50 mmol/L, B
FEH SRR U FEXT L-HPA 7= 5 (5200 o H & 6-A 7]
A1, L-HPA Y& J& 5 H 2082 ik BE 0942 T+ g i
MH IR W S 500 mmol/L B, L-HPA A9~
iR E, K3 379.1 mg/L, BRI REEAL AR
R 8.47%; M H &R A B 1 500 mmol/L K,
FIREXS TA KA JiC 4 il V6 a2 ol T 05 R AIG
L-HPA 177 5t W . R %

242 AYEREENEARREN: DOETA

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



2838

Jia Liu et al. | Acta Microbiologica Sinica, 2021, 61(9)

B Jp X B, KAHAG HLAR G EL iR 2:1, 43 55
T HIRUCT JEBE(MTBE)  JMBR  IENEE . FRC 6
Skt SN SXNER . PR CH EF(CPME) . —
FH JEE M (DMSO) Ml 2- B I U & 1 1 (2-Me THF)
Xf L-HPA B2, 45 UL 6-B. i HIFAC
e Al MTBE {5 A HLAHRS , L-HPA ()7 40 18
HAr R E T 82.5%F0 31.9%; fifi F ke .
DMSO FlHER J A LIS, 7= 4 i 7= AR (bR
K S PIEER CPME 94 HLA R, L-HPA 7~

(A)
400

300

200

L-HPA/(mg/L)

100 +

50 100 200 300 400 500 600
Glycine/(mmol/L)

© 1000 1

800 1

600 1

400 r

L-HPA/(mg/L)

200 -

10:1 10:2 10:3 10:4 10:5 10:6 10:7 10:8 10:9
Ratio of aqueous to organic phase

YRR, 25T 12.9%F1 35.6%; I
PR | 8GR T R YRR IO AR e A A HLAE S, AT
A HUAERT il BRSO, B AR AN 1) 77 ) A il
K e B3R L e A HUAH , BEBT L-HPA 977 18
692.1 mg/L, KIEMEREALER 15.4%.

2.43 PG L-SEN R =R A0 : 7
B TRT S0 (0 b b, X KA R e 14 Lo 24 7
T SR B B — 5 S T A LA
(0 B AR A, 53— D7 ThiJ2 o T4 L-HPA

(B) 800

600

L-HPA/(mg/L)
N
S
S

200

(D) 1200
900 r

600 1

L-HPA/(mg/L)

300 1

0 10 15 20 25 30 35 40 45
Whole-cell biocatalysts concentration/(g/L)

El 6. L-HPA 3L &HM1k

Figure 6.

Optimization of L-HPA conversion process. A: effects of glycine concentration on L-HPA production;

B: effects of organic solvents on L-HPA production; C: effects of two-phase ratios on L-HPA production; D:

effects of two-phase ratios on L-HPA production.
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A multi-enzyme cascade reaction for the production of
L-homophenylalanine

. .1 . 2 o+ . 1 . . 1 1 v« - L
Jia Liu', Wei Song”, Liang Guo ', Xiulai Chen', Cong Gao ', Liming Liu
"State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

2School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] L-homophenylalanine (L-HPA) is a key intermediate for many pharmaceuticals and
pesticides. As chemical synthesis of L-HPA was complicated and environmentally unfriendly, this study aimed to
develop an efficient and environmentally friendly route for the biosynthesis of L-HPA. [Methods] A multi-enzyme
cascade reaction for L-HPA production from L-glycine and phenylacetaldehyde was constructed by modular
assembly method. [Results] Firstly, the multi-enzyme cascade reaction, which consisted of threonine aldolases
(TA), threonine deaminase (TD), phenylalanine dehydrogenase (PheDH), and formate dehydrogenase (FDH), was
constructed by literature mining. Then, according to the introduction and deletion of chiral -OH/-NH, groups, the
whole cascade reaction was divided into two parts, in which the basic parts included TA and TD and the extender
parts included PheDH and FDH. Next, the two modules were assembled and optimized with different plasmids,
enhancing the L-HPA production up to 208.6 mg/L in the optimal engineered strain BL21-C-M1-R-M2. Finally, the
whole cell catalytic system was optimized to improve the L-HPA production up to 1226.6 mg/L and the molar
conversion of phenylacetaldehyde reached 34.2%. [Conclusion] This environmental-friendly and efficient process
represented a promising strategy for large-scale L-HPA production in the future.

Keywords: L-homophenylalanine, multi-enzyme cascade, whole cell catalyst, modular assembly
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