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Cloning, expression and catalytic characterization of
hydroxymandelate synthase
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Abstract: [Objective] To investigate the characters of hydroxymandelate synthase (HmaS) gene in
Escherichia coli, the activities of HmaS encoded by hmas isolated from Amycolatopsis orientalis and
Streptomyces coelicolor were compared. [Methods] The coding sequences of hmas were respectively
amplified from the genomic DNAs of A. orientalis and S. coelicolor and were heterologous ex-
pressed in E. coli. The expressing proteins were isolated and purified by anion exchange chromato-
graphy and gel filtration chromatography, then the enzymatic activity and catalytic properties of
HmaS were evaluated. [Results] The activity of HmaSgc2 from S. coelicolor was almost 3.6 times as
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of A. orientalis. The optimum reaction temperature of HmaSao is 28 °C with high storage stability in
weak alkaline condition. HmaSgc2 has the optimum reaction temperature of 35 °C and maintains
high activity between 28 °C and 45 °C. HmaSsc2 functions well under neutral conditions. [Conclu-
sion] The characters of HmaSgc2 from S. coelicolor is more suitable for metabolic engineering of E.
coli to produce mandelic acid.

Keywords: Hydroxymandelate synthase, hmas, Amycolatopsis orientalis, Streptomyces coelicolor

(Hydroxymandelate synthase

[4-9]

HmaS

HmaS)
0.092 g/L
hmas Fe®*
(aKAO)
(aKG)
(aKG) o-

(10]

[3,11]

[91

(Amycolatopsis orientalis)
(Streptomyces coelicolor) hmas
Hma$S

1 MRSk
1.1 E#RFN R
Amycolatopsis orientalis subsp. orienta-
lis ATCC 19795 Streptomyces coelicolor ATCC
23899  hmas pMDI18-T Simple Vector
TaKaRa E. coli str. K-12 substr. JM109 E. coli
BL21(DE3) pET-28a(+) Invitrogen

1.2 A%

1.2.1 hmas Ry f&E: (A. orienta-
lis) (S. coelicolor) DNA
(12l NCBI
(1 A. orien-
talis DNA P1 P2
hmaS,o S. coelicolor DNA
P3 P5 P4 PS5 hmaSsc1
hmaSgc2 (hmaSscl NCBI
NC_003888.3 hmaSsc2 [12]
) PCR

pMD18-T Simple Vector
T—HmaSAo T—HmaSscl T—HmaSSC2

pET-28a(+)

pETHmaS pETHmaS1 pETHmaS2
E. coli BL21(DE3)
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Table 1 Primers used in this study

Primer

Sequence (5' - 3")

Restriction sites

21l

TCCCCCGGGGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTGAG

Sma |

CGGATAACAATTAAGGAGGAACAGACATGCAGAATTTCGA
P2 CCCAAGCTTGGGTTATTAAACCCATGGGTCATCGACGGGCGGGGCCGAGCT Hind
TTCCCTAGTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACCATGCTCCCTCC

155 TTTCCCCTT A

by TTCCCTAGICTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACCATGCCGCCCAG oal
TGACATCGC

Ps TCCCTAGCCCAAGCTTATCGGCCGGCCACTTCC Hind

Note: Restriction sites are underlined.

1.2.2 FHEMIFSRIERINGERIE:
E. coli BL21(DE3)/pETHmaS E. coli BL21(DE3)/

pETHmaS1 E. coli BL21(DE3)/pETHmaS2

E. coli BL21(DE3)/pET-28a(+)
30 mg/L LB
2% 30mg/L TB

37°C 200 r/min ODgoo 0.6

IPTG 0.5 mmol/L 25°C
150 t/min 12 h
200 mmol/L pH 7.5 2

oD

5 min 4°C 12 000 r/min 20 min

E. coli BL21(DE3)/

pET-28a(+)
123 BEIENRINE: [3.12]
5 mL 200 mmol/L
pH 7.5 5 mmol/L
44 mmol/L 0.3 mmol/L FeSO; 3 mL
28 °C 10 min 500 pL
100 pL 1 mol/L HCI 12 000 r/min
10 min HPLC
HPLC 0.01 mol/L
0.8 mL/min 50 °C,
(SUGAR SHI1011) (UVD170U)
I nmol
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124 EEAMNBEERHESER S EAEL:

0.22 ym
(HiPrep 16/10 DEAE FF) NaCl
SDS-PAGE
(
30kD) (Sephadex G-75)
0.5 mL/min
(Bradford

[13] )

12,5 EHEMNERERERRSEEAELIERS .

25-90 °C 10 min

( 100%)

(28-50 °C)
(
100%)
pH 5.5-8.5
37°C
pH 7.5

100% pH

2 BR545h

2.1 hmas BY5=kE
(A. orientalis)
DNA
1154

(S. coelicolor)

3 PCR 1179 1140 bp
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(D GenBank SDS-PAGE 3
pETHmaS  Pst I/Hind III
5632bp 863 bp ( 1A) ( 2 hmas E. coli BL21(DE3)
pETHmaS1  Xba I/Hind III
5207bp 1155bp ( 1B) 23 EHAMEBEERMERSIBMI ES4L
pETHmaS2  Xba I/Hind III 3
5207 bp 1116 bp ( 10) SDS-PAGE ( 2
22 EHEHIFESRERIEENIE 3 SDS-PAGE
E. coli BL21(DE3)/pETHmaS E. coli 3 35-40 kD
BL21(DE3)/pETHmaS1 E. coli BL21(DE3)/ (Sephadex G-75
pETHmaS2 E. coli BL21(DE3)/ 1-80 kD) 38 kD
pET-28a(+) IPTG (
2) 3

12.03 2235 26.65 U/mg

bp
11 501
4507
2838
1700
1159
805
1 EHERNEBIEE
Figure 1 Restrication analysis of recombinant plasmids
A 1 hmaSh,o PCR 2 pETHmaS Pst I/Hind IIT 3 pET-28a(+) EcoR I/Hind III M A/PstIDNA marker.
B 1 hmaSscl PCR 2 T-HmaSscl Xba I/Hind 111 3 pET-28a(+) Xba I/Hind III 4 pETHmasS! Xba I/Hind
111 .C 1 T-HmaSgc2 Xba I/Hind III 2 pETHmaS2 Xba I/Hind IIT 3 pET-28a(+) Xba I/Hind III

4 hmaSsc2 PCR .

Note: A: 1: PCR product of hmaSxo; 2: Recombinant plasmid pETHma$S digested by Pst I and Hind III; 3: Plasmid pET-28a(+) digested
by EcoR T and Hind IIT; M: A/Pst I DNA marker. B: 1: PCR product of hmaSsc1; 2: Recombinant plasmid T-HmaSsc1 digested by Xba I
and Hind IIT; 3: Plasmid pET-28a(+) digested by Xba I and Hind III; 4: Recombinant plasmid pETHmaS1 digested by Xba I and Hind III.
C: 1: Recombinant plasmid T-HmaSsc2 digested by Xba I and Hind III; 2: Recombinant plasmid pETHmaS2 digested by Xba I and Hind
I1I; 3: Plasmid pET-28a(+) digested by Xba I and Hind III; 4: PCR product of hmaSsc2.
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Figure 2 SDS-PAGE analysis of purification of crude enzyme solution
A E. coli BL21(DE3)/pETHmaS. | DEAE 2 Sephadex G-75 3 E. coli BL21(DE3)/pETHma$
M Protein marker. B E. coli BL21(DE3)/pETHmaS2. 1 E. coli BL21(DE3)/pETHmaS2 2 E. coli
BL21(DE3)/pET-28a(+) 3 DEAE 4 Sephadex G-75 .C E. coli BL21(DE3)/pETHmaS]1. 1
E. coli BL21(DE3)/pET-28a(+) 2 E. coli BL21(DE3)/pETHmaS1 3 DEAE 4 Sephadex G-75

Note: A: Recombinant strain of E. coli BL21(DE3)/pETHmasS. 1: HiPrep 16/10 DEAE FF elution peak; 2: Sephadex G-75 elution peak; 3:
Crude enzyme solution of E. coli BL21(DE3)/pETHmaS; M: Protein marker. B: Recombinant strain of E. coli BL21(DE3)/pETHmaS?2. 1:
Crude enzyme solution of E. coli BL21(DE3)/pETHmaS2; 2: Supematant of E. coli BL21(DE3)/pET-28a(+); 3: HiPrep 16/10 DEAE FF
elution peak; 4: Sephadex G-75 elution peak. C: Recombinant strain of E. coli BL21(DE3)/pETHmaS]1. 1: Supematant of E. coli
BL21(DE3)/pET-28a(+); 2: Crude enzyme solution of E. coli BL21(DE3)/pETHmaS1; 3: HiPrep 16/10 DEAE FF elution peak; 4: Se-
phadex G-75 elution peak.

A. orientalis!!"

2 E. coli
BL21(DE3)/pETHmaS E. coli BL21(DE3)/pETHmaS1 S. coelicolor  hmaSscl  hmaSgc2
E. coli BL21(DE3)/pETHmaS2 HmaS hmaSgc2 ATG
12.79 22.61 20.91 39 96.42%
pETHmaS pETHmaS1 pETHmaS2 hmaSgc2 HmaSgc2
Hma$S hmaSgc1 HmaSgc1 hmaSgc1
HmaSgc2>HmaSsc1>HmaS 50 13
S. coelicolor hmaSgc2
A. orientalis 3.6 hmaSgc2
S. coelicolor hmo 24 EHEMEBEERURSIBNELERS
(Hmo) A. orientalis  2.4.1 FBEAWEERMKERSHBRIERNEE:
Hmo 1] 4A
S. coelicolor HmaS B HmaS o 28 °C
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Figure 3 The purification of Hma$S
A HmaSxo B HmaSscl C HmaSsc2 .A(1) B(1) C(1) HiPrep 16/10 DEAE FF

AQ2) B(2) C(2) DEAE HmaS  Sephadex G-75

! .
Note: A: The purification of HmaSao; B: The purification of HmaSsc1; C: The purification of HmaSsc2. A(1), B(1), C(1): Purification of
HmaS by HiPrep 16/10 DEAE FF; A(2), B(2), C(2): Sephadex G-75 gel filtration purification of the collections in DEAE anion exchange
chromatography; |: Target protein peak.
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Table 2 Summary of hydroxymandelate synthase purification

Purification steps Total activity ~ Total protein Special activity Purification Protein yield ~ Recovery
) (mg) (U/mg) fold %) (%)
Crude enzyme 1) 2677.12 222.56 12.03 1 1 1
) 2632.75 117.79 22.35 1 1 1
3) 2693.91 101.10 26.65 1 1 1
HiPrep16/10 DEAE FF (@9) 1387.09 9.74 142.36 11.83 4.38 51.81
) 1272.13 5.13 248.07 11.10 4.36 48.32
3) 1269.18 3.72 341.63 12.82 3.68 47.11
Sephadex G-75 1) 868.19 5.64 153.91 12.79 2.53 32.43
) 713.13 1.41 505.31 22.61 1.20 27.09
3) 713.28 1.28 557.25 20.91 1.27 26.48
(1) HmaSxo0 (2) HmaSgcl (3) HmaSgc2

Note: (1): The purification of HmaS,o; (2): The purification of HmaSsc1; (3): The purlﬁcatlon of HmaSsc2.
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Figure 4 Effects of reaction temperature on enzyme activity
A E. coli BL21(DE3)/pETHmaS B E. coli BL21(DE3)/pETHmaS2.

Note: A: Recombinant strain of E. coli BL21(DE3)/pETHmaS; B: Recombinant strain of E. coli BL21(DE3)/pETHmaS2.

25-80 °C HmaSgc2 35 °C
28 °C 28-45 °C ( 4
45 °C 28 °C
37°C
242 EEMBEERIEBSERIEEL:
A. orientalis HmaSuo ()

B3] HmaS, o HmaSgc2
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28-50 °C ( 6) HmaS,o pHS5.7-7.8 pH
HmaSSCZ
HmaS 0 HmaSg:2
HmaSgc2 pH 5.5-8.5 pH
243 FHAMNBEERRERSE pH 2 EH: pH 7.0
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Figure 5 Effeets of temperature on the stability of HmaS
A E. coli BL21(DE3)/pETHmaS B E. coli BL21(DE3)/pETHmaS2.
Note: A: Recombinant strain of E. coli BL21(DE3)/pETHmaS; B: Recombinant strain of E. coli BL21(DE3)/pETHmaS2.
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Figure 6 Effeets of pH on the activity and stability of HmaS
A E. coli BL21(DE3)/pETHmaS B E. coli BL21(DE3)/pETHmaS2.

Note: A: Recombinant strain of E. coli BL21(DE3)/pETHmaS; B: Recombinant strain of E. coli BL21(DE3)/pETHmaS2.
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3 Wi

E. coli BL21(DE3)/
pETHma$S E. coli BL21(DE3)/pETHmaS1  E. coli
BL21(DE3)/pETHmaS2

S. coelicolor hmaSgc2
HmaSgc2 A. orientalis 3.6
hmaSgc2 HmaSg2
hmaSsc1 HmaSgc1
S. coelicolor  HmaSgc2 35 °C
28-45°C
pH 7.0
HmaSgc2

S. coelicolor  hmaSgc2

(HmaS)
S-
3]
hmas HmaS
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