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Streptococcus pyogenes. Both ecohasB and spyhasB were inserted into T7 expression vector pRX; to construct recombinant
plasmids pRXEB and pRXSB, and to express in E. coli BL21(DE3). After nickel column purification of UDP-glucose
dehydrogenases, the enzymes were characterized. The optimum reaction condition of spyHasB was at 30 ‘C and pH 10. The
specific activity reached 12.2 U/mg under optimum condition. The optimum reaction condition of ecoHasB was at 30 C
and pH 9. Its specific activity reached 5.55 U/mg under optimum condition. The pmuhasA gene encoding hyaluronic acid
synthase was amplified from Pasteurella multocida and ligated with ecohasB and spyhasB to construct the coexpression
vectors pBPAEB and pBPASB, respectively. The co-expression vectors were transformed into E. coli BW25113.
Hyaluronic acid (HA) was produced by biotransformation and the conditions were optimized. When recombinant strains
were used to produce hyaluronic acid, the higher the activity of UDP-glucose dehydrogenase was, the better its stability
was, and the higher the HA production could reach. Under the optimal conditions, the yields of HA produced by
pBPAEB/BW25113 and pBPASB/BW25113 in shake flasks were 1.52 and 1.70 g/L, respectively, and the production
increased more than 2—3 folds as previously reported.

Keywords: UDP-glucose dehydrogenase, enzyme characterization, hyaluronic acid, biotransformation

(Hyaluronic acid HA) (13-14]
D- (GlcA)  N- HA
(NAG) B (1-3) B (1—4) UDP- (UDP-glucose
( dehydrogenase UGDH EC1.1.1.22)
[2-4] 2 NAD 1 UDP- (UDP-Glc)
HA B] 2 NADH | UDP-
HA (UDP-GlcA)!'! UDP-GIcA HA
HA
HA hyperthermophilic Archaeon Pyrobaculum
islandicum!® Phoma
HA 20 80 herbarum  YS4108!""
Sphingomonas elodea!'™ Escherichia
6-7 g'® colit" Streptococcus pyogenest?”)
7] HA UDP-
HA K5 kfiD!"*! K12
HA ugd!*?! tuaD!'"!
hasB!'"! HA
[8] 3] [10] 2009 Sheng 1! HA
[11] [12-13] UDP-
HA 2005 Windner "%
UDP-GIcA HA
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2008  Yu ecohasB
HA
UDP-
HA
UDP-
K12 ecoHasB
spyHasB
hasA
ecohasB  spyhasB BW25113
UGDH
HA
HA HA
1 #BEFT®
11 #
111
pPRX, pBAD-HisB
BW25113 BL21 (DE3)
CVCC408
11.2
UDP- NAD Sigma N-
«C )
DNA marker  Protein marker Fermentas
TransStart Fast Pfu DNA Polymerase
T4 DNA
Promega
DNA
( )

1.1.3
10 g/L 5 g/L
S5¢g/L 0.5gL 2 g/l
2 g/l 25 mmol/L 50 mmol/L
25 mmol/L 5 mmol/L
2 mmol/L 50 mmol/L
0.02 mmol/L 0.01 mmol/L
0.01 mmol/L 0.002 mmol/L
0.06 mmol/L
0.1 gL [22]
75 mmol/L N-
(NAG) 50 mmol/L
4 mmol/L MgSO,4-7H,0O 2 mmol/L
(Gle) 5g/L (8]

(pH 7.0)
25 g/L

1.2 A&
1.2.1

CVCC408 DNA

1.2.2 hasA hasB
(Pasteurella
multocida hyaluronan synthase) pmuhasA
(GenBank Accession No. AF036004.2)
Streptococcus pyogenes MGAS5005 spyhasB
(GenBank Accession No. CP000017.1)
Escherichia coli str. K-12 substr. MGI1655

ecohasB (GenBank Accession No. U00096.3)
Primer Premier 5.0 1
DNA 1
PCR 95°C 5min 95°C 30s
55C30s 72C3min 30 72 °C 5 min
PCR 1.0%
DNA
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x1 AMRTAB5Y

Table 1 Primers used in this study

Primer name Restriction site

Primer sequence (5'-3")

Pmu-F Nco [

Pmu-R; BamH |
Pmu-R, Sac [

Eco-F, Nde [

Eco-R; Kpn [

Eco-F, BamH |
Eco-R, Sac |

Spy-F BamH [ Nde I
Spy-R Sac [

CATGCCATGGGCATGAATACATTATCACAAGCAAT
CGGGATCCTTATAGAGTTATACTATTAATAATGAACTTG
CGAGCTCTTATAGAGTTATACTATTAATAATGAACTTG
GGAATTCCATATGAAAATCACCATTTCCGGTACTG
CGGGTACCTTAGTCGCTGCCAAAGAGATCG
CGGGATCCAAGGAGATATAATGAAAATCACCATTTCCGGTACTG
CGAGCTCTTAGTCGCTGCCAAAGAGATCG
CGGGATCCAAGGAGATATACATATGAAAATAGCAGTTGCTGGATC
CGAGCTCTTAGTCTCTACCAAAAATATCTCTACTGTAAAC

The underlined bases represent restriction site.

1.2.3
(23] ecohasB
PCR pRX, Nde I /Kpn I
spyhasB PCR pRX,
Nde I /Sac I
pRXEB
pBAD
pmuhasA  PCR
ecohasB  PCR
pBAD-HisB
pmuhasA  PCR
spyhasB  PCR

pRXSB (
Nco I /Sac |
Nco I /BamH I
BamH I /Sac I
Nco I /Sac |
Nco I /BamH I

1) pmuhasA PCR

BamH I /Sac I pBAD-HisB

Nco I /Sac T
pBPA
pBPAEB  pBPASB( 1)
1.2.4 UGDH
pRXEB pRXSB

BL21 (DE3) 37 C
1% (

2 g/L ) 16 'C 220 r/min

24h 4°C 5000 r/min 10 min

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

Nde 1 Kpn 1
pRXEB T7promoter ecohas }—
Nde 1

Sac 1

pRXSB T7promoter spyhasB
Neol Sac |

pBPA ——{araBADpromotery-| pmiuhasA

Nco 1
pBPAEB _| araBADpromoter = pmuhasA

S
RBS
Nco 1 BamH 1 Sac 1
pBP ASB—IaraBADpromot%—' pmuhasA é spyhasé—
S

1 EAFHKMTEE

Fig. 1 Schematic view of recombinant vector.

50 mmol/L Tris-HCI (pH 8.0)
4 °C 10 000 r/min

30 min 0.22 um
FPLC 1 mL/min
40 mmol/L Tris-HCI (pH 8.0)
250 mmol/L Tris-HCI (pH 8.0)
50 mmol/L Tris-HCI
(pH 8.0) 4 °C SDS-PAGE
1.2.5 UGDH el

100 mmol/L Tris-HCl 5 mmol/L
DTT 10 mmol/L MgCl, 2 mmol/L UDP-glucose
1.5 mmol/L NAD 340 nm oD
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pH
1 umol NADH 1
(umol/min)
AU)=1/e *V /V *AOD/At V \Y
€
6.22x10°° ],Lrnolf1 cm ' Bradford
BSA
126 UGDH
1) pH UGDH UGDH
pH
pH pH 7.0-11.0
UGDH pH
UGDH pH 3.0-11.0
3h
( pH 3.0-6.0 0.1 mol/L -
pH6.0-9.0 0.1 mol/L Tris-HCl
pH9.0-11.0 0.1 mol/L Gly-NaOH )
2) UGDH UGDH
UGDH pH
16C 20C 30°C 37°C 45C 55°C
UGDH
UGDH 16 C 20°C 30°7C

37°C 45°TC 55°C 3h

1.2.7 HA
1) UGDH HasA
pBPA pBPAEB  pBPASB
BW25113 37 C
1% (
2 ¢g/L ) 37°C 220 1/min
13h 4°C 5000 r/min
SDS-PAGE

10 min

pmuHasA ecoHasB

spyHasB
2) HA
(ODgoo  20)
33 °C 230 r/min 10 h 3h
pH 7.0
3) HA
HA Chung ¥ HA
Wen CTAB
4)
pH 60 65 7.0 7.5 8.0 24
29 33 37 42°C NAG 0 5 10 15
20 25mmol/L Glc 05 1.0 1.5 2.0
2.5 3% 0.05% CTAB SDS
Tween80 Triton X-100
2 X

21 FHHH
pmuhasA

(Pasteurella multocida

hyaluronan synthase) pmhasA
99% 1 725
G—S  spyhasB
Streptococcus pyogenes MGAS5005 spyhasB

99% 1
400 N—G ecohasB
coli str. K-12 substr. MG1655 ecohasB

100%

Escherichia

2.2 UGDH ByRIE R 41k

SDS-PAGE ( 2) 16 C
ecoHasB spyHasB
ecoHasB  spyHasB
45 kDa
Ni ecoHasB spyHasB
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90%

2.3 UGDH BYESZF MR o

231 pH UGDH UGDH
pH
3 ecoHasB  spyHasB pH
9.0 10.0 UGDH pH
ecoHasB  pH 6.0 pH 6—7
70% spyHasB pH 7.0 pH
7-9 80% pH 9
70% spyHasB
ecoHasB
2.3.2 UDPG UDPG
4 ecoHasB  spyHasB
30 °C UGDH
UGDH
ecoHasB  spyHasB 37 C 3h
70% 45 °C
3h

3 kDa M 4 5 6
70—
60—
50—

40——

2 &E4H ecoHasB #1 spyHasB B SDS-PAGE 4 4f
Fig. 2 SDS-PAGE analysis of pRXEB/ BL21 (DE3)
andpRXSB /BL21 (DE3). M: size markers (from top to
bottom: 200, 150, 120, 100, 85, 70, 60, 50, 40, 30, 25,
20, 15, and 10 kDa); 1: supernatant non-induced
pRXEB/ BL21 (DE3) ; 2: supernatant induced pRXEB
/BL21 (DE3); 3: purified fusion ecoHasB about 45 kDa;
4: supernatant non-induced pRXSB/BL21 (DE3); 5:
supernatant induced pRXSB/BL21 (DE3); 6: purified
fusion spyHasB about 45 kDa.
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2.4 UGDH A HasA Hy3Ri&

SDS-PAGE ( 5) 2 3 4
pmuHasA 106 kDa
3 4 ecoHasB spyHasB
45 kDa ecoHasB  spyHasB

25 EMREUFEHRIMKL
pBPAEB / BW25113
pBPASB/BW25113  HA

6A pH 7.5 HA
—=—ecoHasB
120 - Effect of pH on enzyme activity —sa—spyHasB
- Effect of pH on enzyme stability —a—ecoHasB
~ 100 —a—spyHasB
X L
2 80
= -
5 60
© L
g 40
= L
Qﬁ 20 —
0 I A ! A !
2 4 6 8 10 12
pH

3 pH XfEEE S0
Fig. 3 Effect of pH on enzyme activity.

. .. —=—ecoHasB
120 ~Effect of temperature on enzyme activity +§;;H::B

Effect of temperature on enzyme stability _a—ecoHasB

100 |- —~—spyHasB

80

40

Relative activity (%)
D
S

20+

10 20 30 40 50 60
Temperature ('C)

4 REEETE N HIF NG

Fig. 4 Effect of temperature on enzyme activity.
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kDa 1 M 2 3 4 pH 7.0-8.0 HA 1g/L
- pH 7  HA
6B 33 'C HA 6C
NAG 20 mmol/L HA
HPLC 10 h
NAG 6D NAG
0 Glc 2% HA
SBA 10h  Glc
B 5 HasA #0 HasB A3t 3ki% SDS-PAGE 43 #f 0.05% Tween80  HA

Fig. 5 SDS-PAGE analysis of co-expression HasA

0.05% TritonX-100 0.05% SDS 0.05% CTAB
and HasB. M: size markers (from top to bottom: 200,

150, 120, 100, 85, 70, 60, 50, 40, 30, 25, 20, 15 and HA HA
10 kDa); 1: induced pPBAD-HisB/BW25113; 2: induced 20 mmol/L NAG 2% Glc 0.05% Tween 80
pBPA /BW25113; 3: induced pBPAEB / BW25113; 4: H75 33°C
induced pBPASB/ BW25113. pH/
A [ s pBPAEBBW25113 B 4L
1.5 - —=— pBPASB/BW25113 ~ 12l
a = [ 4
2 T 2 10f : 1
L S
£ 1.0 g 08
g T 5 0.6
S o5l £ [ —— pBPAEB/BW25113
s v 3 04~ _a pBPASB/BW25113
< = é 02|
T <[
1 0.0||||||||||||||||||||
24 26 28 30 32 34 36 38 40 42
Temperature (°C)
C D _
14 L
% <12 -
& g1or
g 08}
= 0.8‘— L = i
8 0.6 F 8 0.6 -
& | —a pBPAEB/BW25113 S o4 [ TS PBPAEB/BW2S113
< 0.4_— —m— pBPASB/BW25113 < [ —m— pBPASB/BW25113
T 02 T 02
0.0 [ I | I | I | I | I | | 0.0 i | 1 | 1 | 1 | I | | | |
0 5 10 15 20 25 05 10 15 20 25 30
NAG (mmol/L) Glc (%)

E6 FRELHEN HAFEMSEM (A: pH; B: JBE: C: NAG; D: Glc)
Fig. 6 Effect of different conditions on HA production. (A) pH. (B) Temperature. (C) NAG. (D) Glc.
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2.6 UDP-# % # it B8 /Y B 2 14 B Xt i AR
REG =2 RS
ecoHasB spyHasB
ecoHasB
ecoHasB 25 °C pH9.0
0.32 U/mg 30 °C pH 9.0
5.55 U/mg spyHasB
0.44 U/mg
12.2 U/mg
pBAD-HisB/BW25113
pBPA/BW25113 HA
pBPAEB/BW2513 pBPASB/BW25113 HA
1.15 129 g/L
pBPAEB/BW2513  pBPASB/BW25113HA
.52 1.7¢g/L HA
30% HasB
HA

spyHasB

25°C pH 10.0
30 °C pH 10.0

3 ik
UGDH

UGDH UDP-GIcA

[26-27]
2013 1]
P ecoHasB 38 C 6 h
14U/mg 10h 4 U/mg
ecoHasB
ecoHasB 37 C
pH 6 1993
2oL 37 C
spyHasB 30 C
1.51  3.71 U/mg ( )
spyHasB

Dougherty IM109

(DE3)

Dougherty

spyHasB 3 ecoHasB  spyHasB
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YSs4108!"
[18] ) [16]
UDP-
spyHasB
ecoHasB ( 2)
ecoHasB
spyhasB
spyHasB
spyHasB
UGDH HA HA
HA
UGDH HA HA
Glc NAG HA
NAG 0 pBPAEB/BW2513
pBPASB/BW25113 HA 0.7 09¢gL
20 mmol/L NAG 12 15gL
( 60) Gle
UDP-NAG HA
UDP-GlcA
1] Gle NAG
pH
HA ( 6D) pH HA
pH 7-8 HA pH 7 HA
HA 33 C
HA pBPAEB/BW2513
pBPASB/BW25113 UDPG
HA
37 ‘C UDPG 30 C
37 °C ( 4
HA [28]
HA
CTAB SDS HA
[29] Tween80  HA
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HA [29]
pBPAEB/BW2513  pBPASB/BW25113 HA
1.5  1.7¢g/L Mao [
IM109 HA (0.5 g/L)
3 Yu U2
HA (0.19g/L) 7 Prasad
1 HA (1.8g/L)
Widner  [1%]
(1 g/L) Kotra (1.38g/L)
Naoki ! (1.2 g/L) HA
HasA  HasB
UGDH
HA
HA
HA
HA
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