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Table 1~ The strains and plasmids used in this work

Strains and plasmids Characteristics Source

Strains

E. coli DH5a

E. coli BL21(DE3) F~ ompT gal dem lon hsdS,(r, m; ) A(DE3 lacl lacUV5-TT7 gene 1 indl sam7 nin5 )

F~ endAl glnV44 thi- recAl relAl gyrA96 deoR nupG ¢80dlacZAM15A (lacZYA-argF)U169 hsdR17(r, m, ) A-Stored in this Lab

Stored in this Lab

Pseudomonas sp. L4 Wide type isolated from soil This Lab
Plasmids
pMDI19-T T—vector 2.7kb Amp" lacZ TaKaRa Co.
pMD19-T-BBH pMD19-T containing L4 bbh gene This Lab
pET-5b bacterial expression vector carries an N=erminal His*Tag® Amp" IPTG induced Novagen
pET45b-BBH pET-5b containing L bbh gene This Lab
1.1.2 . DNA | g MgSO,*7H,0 0.5 ¢ KH,P0,3.9 g K,HPO, *
marker marker TaKaRa ; 3H,02 ¢ (5.2% 7ZnSO, 5.0% FeSO,*

SIGMA 7H,0 5.0% CuSO, *7H,0 0.05% MnSO, * H,0)

; 10 mL pH 6.0,
; N 1.6% 2% - E. coli
PCR 37°C L4 30°C o
AXYGEN ; His * Bind Resin Amp( ) 100 mg/L,
(MERCK) . 1.2 DNA
1.1.3 :OLB L4 AXYGEN
) TB @ DNA o E. coli
L4 10 g AXYGEN o E. coli
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CaCl,

1.3 L4 bbh

OMIGA 2.0 Pseudomonas
fluorescens P04 Pseudomonas  fluorescens Pf-5
Pseudomonas  mendocina  ymp Pseudomonas
Sfluorescens SBW25 v-

o L-
1 L4
bbh o
DNA Walking SpeedUp™ Premix Kit II
bbh
bbh o

U-BBHH (5" TGTGGCTGCGTGACAACTG—
3)  D-BBHA (5-TAGCAGCCCTGAAAATGTCG-
37) bbh

. PCR (50pL) :ddH,0 38pl 10 x
PCR ( Mg *)5 uL dNTP (2.5 mmol/L)
1.5 pL 2 pl 1 uL Tag  0.25 pL.
PCR 294°C 5min;94°C 30s 58°C 30 s 72C
2 min 30 ;72°C 10 mino

bbh DNA Walking SpeedUp™

Premix Kit II

BBH-U-TSP1 (5
CTTGGACTGCACGTTGAACA-3") BBH-U-TSP2 (5°
TTGCTCTCGCGAATGAAGGC3") BBH-U-TSP3 (5°-
CGAGAGGCATCGTCATAGGCA3") ;

: BBH-D-TSP1 (5~
GAGTCGCTTTGTCGATGGC3") BBH-D-TSP2 (5
CGTGGAGTTTCGCAACAAGG3") BBH-D-TSP3 (5°
GAAATCCGCATGGCGAACTT3) .

U-EXP-BBH (5"-ACGCTCATATGTTGCCCGTG

AACGCCA-3~ Nde | ) D-EXP-
BBH (5 -ATTAAGGATCCTCAGCGCTGCAACACC3”
BamH 1 ) bbh
PCR pMD19-T
pMD19-T-BBH E. coli DH5a .
PCR :ddH,0 35 pL 10 x PCR (
Mg’*)5 wL dNTP(2.5 mmol/L)4 uL 2 plL

2 L Pyrobest® DNA Polymerase
0.25 pL (DMSO) 1.5 pL. PCR

194°C 5 min; 94°C 30 s 64.9C 30 s 72C

2 min 30 ;72°C 10 min.
Primer premier 5.0
Invitrogen - DNA
o bbh SeqMan
5.01 o
1.4
pMD19-T-BBH U-EXP-BBH
D-EXP-BBH bbh o
Nde 1 BamH |
pET5b BBH His—tag
pET45b-BBH CaCl,
E. coli BL21(DE3).
1.5 -
pET45b-BBH E. coli BlL21
(DE3) TB
37°C 180 r/min 4.5h IPTG(
1 mmol/L) 30°C 120 r/min
18 ho, 25 mmol/L
(pH7.0)
His-tag—
BBH . His-tag-BBH
His*Bind Resin (MERCK) 15
mmol /L (pH7.0)
15 mmol/L
(pH7.0) -70C o
SDS-PAGE

o

sephadex G200 2 ¢cm x70 c¢m

25 mmol /L (NaCl
0.1 mol/L. pH7.0)
2 mL/10 min, (MW:
150 kDa) . (MW :66.43 kDa)
(MW :44. 287 kDa)
lgMW o
1.6 -
- 7
:12.5 mmol/L KB (pH
7.0) 10 mmol/L y- (
) 3 mmol/L 2- 1.5 mmol/L
0. 08 mmol/L Catalase 98 U/mL -
8 -9 mU/mL. 37°C 1h
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3 min BBH 5 2- 0.5% 80) (100 mL
0 50 mL) 30°C 120 r/min L-
. 3 mL : L- o
50 mmol/L dPB(pH8.9) 4 mmol/L B-NAD 1.5mL BBH L-
0.2 U, 37C 1 h
340 nm o Folin- o
(Lowry ) o
v) 2
(pH7.0 K-PB 37C) 1 pmol
o 2.1 L4 bbh
1.7 pH - L4 DNA U-BBHA
D-BBHA 1000 bp  bbh
20 -60C 5C o DNA
. Walking SpeedUp"™ Premix Kit II
30 min bbh
o pH4.0 -11.0 ( bbh ( GenBank
pH4.0 -6.0 25 mmol/L - JQ250036) - ORF 1161bp 386
;pH6.0 - 8.0 25 mmol/L ; o
pH8.0 - 9.5 12.5 mmol/L - ; 2.2 L4 BBH
pH9.5 -11.0  12.5 mmol/L NaOH ) L4 v- BBH
pH. pH BBH
25C 18 h pH7.0 L4 BBH
pH o Y- (
1.8 1) Burkholderia  oklahomensis EO147
L4 v- BBH Pseudomonas fluorescens P{-5 BBH
BBH MEGA4.0.2 76%  15% o
; P-distance L4 BBH v-
(Neighbor—oining) o o
MEGA4.0.2 Clustal W o 2.3 BBH
1.9 v-
SWISS-MODEL " " o - >
SwissPdbViewer V4. 0. 4 L4 BBH
o 2
1.10 BBH C (Leul32-Arg386)
L- Fe* o
pET45b-BBH E. coli BlL21 N (Ser16-GIn116) »
(DE3) TB 2.4 L4 bbh pETA5b-
(250 mL 50 mL ) 37°C 180 r/ BBH
min 4.5 h IPTG ( bbh
1 mmol/L) 20°C  120r/min bbh
18h, ( pETA5b pET45b-BBH
§ 1% - 1% C 3). y- bbh  His-ag
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44 Pseudomonas fluorescens Pf-5 BBH(YP 262814.1)

94 Pseudomonas fluorescens WH6 BBH(ZP+0.7778004.1)

77 Pseudomonas brassicacearum NFM421 BBH(YP_004356728.1)
54 Pseudomonas fluorescens PO-1 BBH(YP_350962.1)
67

Pseudomonas mendocina ymp BBH(YP_001186005.1)

Pseudomonas SP.L-1 BBH(AEZ06357.1)

Burkholderia oklahomensis EO147 BBH(ZP_02358781.1)
100
66

Burkholderia gladioli BSR3 BBH(YP 004348566.1)

Burkholderia ubonensis Bu BBH(ZP 02382163.1)

Burkholderia vietnamiensis G4 BBH(YP 001115842.1)

100

100 _|:31u‘kho!deria cenocepacia MC0-3 BBH(YP 001778856.1)
95 Burkholderia ambifaria IOP40-10 BBH(ZP_02888230.1)

Halomonas elongata DSM 2581 BBH(YP_003897826.1)

Octadecabacter antarcticus 238 BBH(ZP+05066582.1)

97 Chromohalobacter salexigens DSM 3041 BBH(YP_574816.1)

64 Haliangium ochraceuwm DSM 14365 BBH(YP+003268756.1)

1 L4 v- BBH
Fig. 1 Phylogeny analysis on amino acid sequence of Pseudomonas sp. L4 BBH. The tree was constructed using the neighborHoining
method with bootstrap values calculated from 1000 resampling. Accession numbers are shown in the parenthesis next to the
corresponding species. The number at each branch point represents the percentage bootstrap support. Bar 5 substitutions at any

nucleotide position per 100 nucleotide positions.

2 SWISS-MODEL Workspace BBH
Fig. 2 Three-dimensional structure of BBH monomer modeled by SWISS-MODEL

Workspace. The BBH monomer contains two domains: a double-strand B-helix
catalytic domain (residues 132 =386) and a smaller N-terminal domain (residues 16—

116) of unknow function.

IPTG His * Bind Resin BBH bbh o
(MERCK) SDS- 0.037U/mg His* Bind
PAGE ( 4. Resin 0.067U /mg

(46.5 kDa) pET45b- 0. 115U /mg 9.22% »
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Fig.3  Construction of expression vector pET-45b-BBH.
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Fig.4 SDS-PAGE analysis of BBH expressed in E. coli. M: Protein

Marker; Lane 1: purified enzyme; Lane 2: crude extract.

2.5 v-

20C - 60C y-

257 A
2.0 T

I

y==0.0171x+4.0663
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1gMW
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Fig.5  Gel filtration chromatography result of BBH. A: standard
curve from left to right was Alcohol Dehydrogenase (MW: 150
kDa) Bovine Serum Albumin (MW : 66.43 kDa) and Ovalbumin
from Egg White(44. 287 kDa) ; B: elution curve of BBH.

6-A BBH
30C. ( 6B)
45°C BBH . 45C
30 min 79.9% 50°C 30
min 29.5% . Lindstedt
Pseudomonas sp. AK 1 BBH
-20C 4<
40% -50% ° .
2.6 pH v-
pH Y-
7-A o pH5.5 -8.0
BBH pH  pH7.5
Pseudomonas sp. AK 1 BBH pH(
pH7.0-7.2 ) T pH >8.5 pH <5
. pH
( 78) BBH  pH6.0 o
7B BBH
pH <5 o
2.7 BBH
L-

pET45b-BBH E. coli BL21
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Fig. 6
stability (B) of BBH.
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Fig.7  Effects of pH on the activity (A) and stability (B) of BBH.
pH4.0 - 6.0: 25 mmol/L citrate buffer solution; pH6.0 — 8.0: 25

mmol /L phosphate buffer solution; pH8.0 - 9.5: 12.5 mmol/L broate

buffer solution; pH9.5 - 11.0: 12.5 mmol/L borax-NaOH buffer
solution.
20.01
18.01 I
= 16.07 -
2 14.0
-‘E’ 12.01
)
£ 10.01
£ 8.0
it 6.0 -e- Resting cell
T 40 -=-BBH
2.04
0% T T T T 1
0 10 20 30 40 50
t/h
8 BBH L-
Fig. 8 L-carnitine production with resting cells and BBH. The

resting E. coli BL21 (DE3) cells containing pET45b-BBH were
collected after induced by 1mmol/L IPTG. Biotransformation was

performed aerobically at 30°C and pH 7. 0.

Pseudomonas sp AK 17
o Y-
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Cloning expression and characterization of a Gamma-
butyrobetaine hydroxylase gene bbh from Pseudomonas
sp. L4

Xiangfeng Lu Pengcheng Zhang Qianyan i Hui Liu Xiaoqing Lin Xiaohang Ma
Institute of Microbiology College of Life Science Zhejiang University Hangzhou 310058 China

Abstract: Objective Gamma-butyrobetaine hydroxylase is an enzyme that catalyzes the last step in the biosynthesis of L—
carnitine. We cloned expressed and characterized a gamma-butyrobetaine hydroxylase gene bbh from Pseudomonas sp. L-
1 to facilitate the production of L-carnitine using microorganisms. Methods We cloned bbh gene by PCR and then
cloned the open reading frame of bbh into pET-5b vector and expressed by Isopropyl g-D- -thiogalactopyranoside (IPTG)
induction. After His-Bind Resin purification the characteristics of BBH were studied. The three-dimensional structure of
BBH monomer was modeled by SWISS-MODEL Workspace and resting cells were used for L-carnitine transformation.
Results We cloned a gamma-butyrobetaine hydroxylase gene bbh ( GenBank: JQ250036) from Pseudomonas sp. L
and expressed the gene in Escherichia coli BL21 (DE3). BBH fusion protein was a homodimer and the molecular weight
of subunit was about 46. 5kDa. The optimal temperature and pH was 30 °C and pH 7. 5. The enzyme was stable below 45
°C. The enzyme was most stable at pH 6. 0. We used resting cells of recombinant E. coli for L-carnitine biotransformation
after incubated at 30 °C and pH 7.0 for 31 h the concentration of L-carnitine reached 12. 7 mmol/L..  Conclusion The
bbh gene from Pseudomonas sp. L strain is remarkably different from that of reported one. The gamma-butyrobetaine
hydroxylase expressed by this gene could effectively transform ~vy-butyrobetaine for L-carnitine production. Beside by
reporting of a bbh gene from bacteria this research also provided a new process for biotransformation of L-carnitine.

Keywords: Pseudomonas sp. gamma-butyrobetaine hydroxylase bbh cloning expression
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