Acta Microbiologica Sinica

2017, 57(1): 54-65
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160148

Research Article IR

iR D-i8 EEEFI N-2 Btk REs RIAFAME M
A E RYHE
ITRE, BE, AE, #W

300350
HE. D- N-
D- Paco D- hyd sdl
Pue N- adc pHP13  pUBI110 D- N-
pHCS pHCY pUCS acoR  sigL skf
sdp D- N-
pHCY  pHCS 0.21 U/mL
0.31 U/mL acoR  sigl pUCS 1.0 U/mL
D- N- acoR  siglL
skf sdp
KRG D- N- D-
D- (D-HPG) B- D- N- (N-carbamyl-
D-amino acid amidohydrolase)( 1) D,L-
(i (hydantoinase
process) D-HPG [2]
(hydantoinase) D-HPG 2
N- (N-carbamoylase)
D,L-5- Al
L- D- [3]
D-HPG D,L-
E&£mMA: “<863 7 (2012AA02A701)

“BIEVEE . Tel/Fax +86-22-87402179 E-mail banrui@tju.edu.cn
ris HEA: 2016-04-13 fEEIAHER: 2016-05-30 M&HERHER: 2016-06-03



,2017, 57(1)

55

R 0 R
~, R
DHase / COOH DCase %,
HN NH 7* HN\ ﬁ /'—COOH
W( O Ve HOo N
0 H,N

D,L-p-hydroxy-
phenyl-hydantoin

N-carbamyl-D-
hydroxyphenylglycine

D-hydroxyphenylglycine

1. BEBESMK D-MREEXH BRI R

Figure 1.
D-HPG
D-HPG
D- N-
[6-8] N-
D-HPG
D- N-
(Escherichia coli)
[9-13] (Ralstonia pickettii)
D- N-
[14] D- N-
E. coli D-HPG
N-
[2-3] D- N-
(15] E. coli

(Bacillus subtilis)
GRAS (Generally
recognized as safe) B. subtilis

E. coli

Synthesis of D-p-Hydroxyphenylglycine by hydantoinase method. R: Hydroxy phenyl.

D- N- B. subtilis
B. subtilis
D-HPG acoR
sigL skf
sdp
1 AR Fedr ik
1.1
1.1.1 1
1.1.2 (1)LB (g/L)
10 5 NaCl10 pH7.5 15 (
) B. subtilis
6 mg/L 15 mg/L
10 mg/L  (2) (g/L) 32.00

20.00 NaCl 5.00 NH4CI12.00 ZnSO,
0.10 KH,P0,6.00 Na,HPO412.00 CaCl, 0.06

pH 7.2 B. subtilis
1.1.3 Taq
HifiDNA
DNA PCR
dNTPs
cDNA Thermo
scientific RNA

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



56

Yameng Wang et al. | Acta Microbiologica Sinica, 2017, 57(1)

= 1. KPR RYEPRFN SR
Table 1. The strains and plasmids used in the study
Strains and plasmids Genotype Source
. subtilis 168 trpC2 stored in this lab

B

B. subtilis 168N
E. coli top10

B. subtilis WD-1
B. subtilis WD-2
B. subtilis WD-3

trpC2, AaraR::P,,,-neo

Host for plasmid construction

trpC2, AsacB:: P.y-acoR, AaraR::P,.,-neo

trpC2, AyolA:: Poy4-sigl, AaraR::P,.,-neo

trpC2, AyolA:: Poys-sigl, AsacB:: P 44-acoR, AaraR::P,,,-neo

stored in this lab
stored in this lab
this study
this study
this study

pHP13 Cm', Em" stored in this lab
pUBI110 Km', Blm' stored in this lab
pHCY Cm', Em', hyd::Py,, adc: P this study
pHCS Cmr, Emr, sdi::P,.,, adc: Py this study
pUCS Blm', Km', sd1::P,.,, adc::P,g this study
B. subtilis LXZm trpC2, AaraR::P,,,-neo, AsacB::P.y-ribA-DN -cat-araR stored in this lab
B. subtilis WD-4 trpC2, AaraR::P,,,-neo, Asdp, AyolA:: P 44-sigL, AsacB:: P q-acoR this study
B. subtilis WD-5 trpC2, AaraR::P,,,-neo, Asdp, Askf, AyolA:: P.ysigl, AsacB:: P.y-acoR this study
Cm": chloromycetin resistance; DN : the fragment used for homologous recombination.
D,L- PCR 1
D- Hind Il  BamH | pHP13
( ) Hind 11l  BamH I
(TCD 4h T4DNA 16 °C
3h E. coli top10
1.2 DNA PCR
PCR D- N- DNA
DNA pUBI10 PCR
2 D- N-
PCR DNA DNA PCR pUB110  ori"
PCR PCR Ul B, subtilis ori. 3277bp PCR
DNA 2 DNA 1
Spizizen BamH |
CTAB BamH | 4 h T4 DNA
(SDS-PAGE) 16 °C 3h B.
1.3 D- N- subtilis 168
168N
pHP13 PCR
D- N-

actamicro@im.ac.cn



,2017, 57(1) 57

*2. SIYMIRESHFY

Table 2. Primers and synthetic sequences

Primers Primer sequences (5'—3")
Pacol TACCAAGGAGGAGTTATAGCGAACGGCACGATAGACTGTAT
Hyd1/Hyd2 ATCAATCACAATGGAGGACAA/CGGGATCCATCAATCACAATGGAGGACAA
acoR-U1/Cdd2 CTCCTCCAGCAAGATGATT/GTGTAAATTCCTCCCTTACCT
acoR1 AGGTAAGGGAGGAATTTACACATGAACTCGGTGCCAAACG
acoR2 CTCATCGGTGTCTGTGTTAT
acoR-D1 ATAACACAGACACCGATGAGTTGATCCTAACGATGTAACC
acoR-G2 GGAGTCAGTGAACAGGTAC
sigL-Ul GGCAGTTACTTATTGGACAG
sigL1 AGGTAAGGGAGGAATTTACACATGGATATGAAACTTCAGC
sigL2/sigL3 CTCTACTGAAAGTGTTTTCCA/TGGAAAACACTTTCAGTAGAG
sigL4 CATTATCACTCGGCATGGA
sigL-D1/G2 TCCATGCCGAGTGATAATGTTGGTGTCGTCTCAATCTT/TTGCTGAGTATTGTTCTGTC
RTccpAl/A2 ACGAGCATGTGGCGGAAT/GATAGCGACTGACGGTGT
PU7 TCGTGACTGGGAAAACCCTGGCGAGTGCCGACCAAAACCATAAAAC
PUS CGGGATCCCAGCACAATTCCAAGAAAAACA
skf-U1/U3 CATTAGGCTGGAAGTCTGTA/AACAGCAGAGAAGTCACTCCATAAGTAAACCTCCTCT
skf-D1/D2 GAGTGACTTCTCTGCTGTT/ATGGGTGCTTTAGTTGAAGACACAGTCGGTTCGTCTAA
skf-G1/G2 CACGAAAACTGAATGAATAAGAGATGAGTGCTGACCA/GCTCCACCACATCTGATAC
CR1/CR2 TCTTCAACTAAAGCACCCAT/TTATTCATTCAGTTTTCGTG
sdp-Ul GCTTAGAGGAGGTAATCTACAT
sdp-U2S CAGCCGCTTCTAAATCAGACTAACCAAGTGATGACAACA
sdp-D1S TCTGATTTAGAAGCGGCTG
sdp-D2S ATGGGTGCTTTAGTTGAAGACGATACAATGGTCAGGAAAT
sdp-G1 CACGAAAACTGAATGAATAAGGAGGTGAATCAGTCAAGTT
sdp-G2 CGCCCACAACATATAAATATCC
1.4 UP...-RDCRG B. subtilis 168N
[17] B. subtilis
LB 37°C 220 r/min 4h
sacB acoR
B. subtilis 168 PCR acoR “ 7
R (2149 bp) B. subtilis PCR DNA
LXZm U Pcag-acoR WD-1
P, U8 UP,u (1311 bp) B. subtilis 168N yolA
G CR Peaa-sigL WD-2
D DCRG (3628 bp) P.aq-acoR Peag-sigl
PCR UP...RDCRG WD-3 B. subtilis WD-3
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skf sdp
WD-5

1.5 PCR

Light Cycler 480 PCR
PCR(qRT-PCR)
mRNA
LB 37 °C 225 r/min
12 18 24h
RNA
cDNA

G

gRT-PCR

gRT-PCR
B. subtilis
CcpA ccpA
Ct 27AACt

(19] mRNA

1.6 D,L-

5mLLB 225 r/min 37 °C
12 h 2% 30 mL
37 °C 225 r/min 6 h
0.5%
2 mL
(50 mmol/L  pH 8.0) 2
(0.3% D,L-
) 40°C

24 h
Tris-HCl
10 mL 40 °C
Tris-HCl
160 r/min
30 min 10 uL 6 mol/L HCI
13000 r/min

B. subtilis 168

1 min

D-HPG
Agilent 1260 HPLC
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D-HPG N-
- Poroshell
120 EC18-2.7 m (4.6 mmx50 mm)

o(CH;CN)  o(H,0)=10 90( ) 1 uL
0.5 mL/min 210 nm
D-HPG
0.9 mL 0.1 mL (0.2 moL/L)
0.5mL 0.2% 5 min
100 °C 3 min
570 nm OD (D)
(U/mL)=(0ODs;0+0.133)/2.35 (1)
1 1 min
D,L- 1 umoL.  D-HPG
(PDAB)
N- -D-
100 pL 10% PDAB (6 mol/L HCI)
10 pL 96
PDAB N- -D-
N- -D-
1.7
18 h 4 °C 4000 r/min
15 min (PBS)
2 lg 20 mL PBS
30 min (400 W 5s
5s ) 4°C 4000 r/min
15 min
(SDS-PAGE)
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B. subtilis sdl hyd adc sigL WD-2 sigl.  acoR
Paco P4 WD-3
168/pHCY gRT-PCR WD-3 sigl
0.21 U/mL 168/pHCS acoR mRNA
0.31 U/mL 2 ( 3 4) WD-3 sigl  acoR
3.5x10° CFU/mL B. mRNA 168N
stearothermophilus SD-1 D- (sdl ) 12h  24h mRNA
adc-sdl pHCS sigL  acoR
2.2 acoR sigL D- N-
pHCS WD-1 WD-2  WD-3
P, o" WD-1/pHCS WD-2/pHCS  WD-3/pHCS
AcoR sigl  acoR B. subtilis 168N/pHCS
[26] P, (GIE))
B. subtilis 168N sigl  acoR
acoR  sigl sigL sigL
G573A 0.56 U/mL
(cre-box) 80% Puco
acoR B. subtilis WD-1 6" AcoR

% 3.

acoR EF B gqRT-PCR #F 45 1R

Table 3. The transcription analysis of acoR using gRT-PCR

168N WD-3 e
Cycle number AC, AC, AAC, 27A8H
ccpA acoR ccpA acoR
C,12 (mean) 35.95 39.89 3.94 34.29 28.94 -5.35 -9.29 626.0
C,18 (mean) 31.23 33.17 1.94 33.20 28.36 —4.84 -6.70 110.0
C24 (mean) 34.04 36.40 2.36 30.22 29.48 -0.74 -3.10 8.6
Fz 4. sigl EFEH) gRT-PCR ¥ F 04
Table 4. The transcription analysis of sigl using gRT-PCR
168N WD-3 ae
Cycle number AC, AC, AAC, 2 oA
ccpA sigL ccpA sigL
C,12 (mean) 35.95 38.28 2.33 34.29 29.48 —4.81 -7.14 141
C,18 (mean) 31.23 36.39 5.16 33.20 31.75 —-1.45 —6.61 98
C24 (mean) 34.04 39.97 5.93 30.22 34.60 4.38 —-1.55 3
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Figure 4. Effect of over-expressing acoR and sigL

genes on whole-cell catalytic activity. Reactions were
performed in triplicate, and error bars represent the
standard errors of the means.
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Construction of recombinant Bacillus subtilis by co-expression
of heterologous D-hydantoinase and N-carbamoylase

Yameng Wang, Rui Ban', Lu Liu, Yu Shen

Key Laboratory of Systems Biotechnology, Ministry of Education, School of Chemical Engineering and Technology, Tianjin
University, Tianjin 300350, China

Abstract: [Objective] We aimed at co-expressing heterologous D-hydantoinase and N-carbamoylase in Bacillus
subtilis, and evaluating the feasibility of producing D-p-hydroxyphenylglycine by the recombinant B. subtilis
whole-cell catalysis. [Methods] The P,., expression cassette was combined with the coding sequence of Ayd or sd!
gene as an artificial gene to express D-hydantoinase. The P,z expression cassette was combined with the coding
sequence of adc gene as an artificial gene to express N-carbamoylase. The D-hydantoinase and N-carbamoylase
co-expression plasmids pHCS(sd/+adc) and pHCY (hyd+adc) were constructed, using plasmid pHP13 as carrier;
the co-expression plasmids pUCS(sd/+adc) was constructed, using plasmid pUB110 as carrier. The additional copy
of acoR and sigl gene was integrated at chromosome. The skf and sdp gene were knocked out in B. subtilis. All
recombinant strains bearing co-expression plasmid were characterized by analyzing whole-cell catalysis activity.
[Results] In the recombinant strains with plasmid pHCY and with pHCS, the whole-cell catalytic activity reached
0.21 U/mL and 0.31 U/mL, respectively. After the over-expression of acoR, sigL, and high-copy-number pUCS, the
whole-cell catalytic activity reached 1.0 U/mL. [Conclusion] Overexpression of acoR, sigl and the deletion of skf,
sdp genes had significant effects on the catalysis activity of recombinant whole-cell.
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