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E. coli ]M109 M15 BL21 DE3 SDS-PAGE
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ALA ALA
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ALA 1.1
1.1.1
? 20 70 Rhodoblastus acidophilus
ALA pBluescript SK- plasmid Stratagene USA
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Y2002 pQE30 Qiagen Germany JM109
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1973 -

2006-11-27

2006-12-14

Tel 86-731-4691176 Fax 86-731-4691166 E-mail haoasliu@ 163. com

E-mail dyzhang73 @ hotmail . com

2007-03-29 ) o
© PERZERMEMHARTATIESHIES http://journals. im. ac. cn



640

ZHANG De-yong et al ./ Acta Microbiologica Sinica 2007 47 4

M15 BIL21 DE3

LB
1.1.2 T4 DNA
Promega Tag dNTPs
MBI
PCR
PCR
Mastercycler Gradient Eppendorf
1.2 DNA
CTAB  "° DNA DNA
1.3
1.3.1 ALAS
DNAStar Version 5.00 GenBank
ALAS
PCR 600bp
ALAS-For  5'-GGCGGCACC G
CGCAACATCG T CGGGCAC-3’ ALAS-

REV ~ 5'-GCAGCGAGGTCGAG A AAGATA G
AAGCCCG-3"  PCR 94°C Smin 94°C 30s

50°C 30s 72°C 45s 30 72°C 10min  PCR
1.0%
pBluescript SK - T DH5«a
100pg/L Amp LB
PCR
10
1.3.2 ALAS ALAS
PCR
ALAS
ALAS PCR Vectorette PCR
" TaKaRa LA
PCRTM in vitro cloning Kit
SF1 5'-
GTTGGAAACGTAGCCCGAGGTGAACAG-3"  SF2  5'-

TACAGGCTCTCGAACGCG-3"  SR1  5'-GTTCGGCTGC
CTCGGCGGCTACATCAC-3" SR2 5'-GCTACATCACCG
GCAAGACG-3"  SFI1 SF2 5
SR1  SR2 3’
T DNAStar

ALAS PCR
F
5'-TAGGGAGCTCATGGATTACACCAAG-3" R 5'-

ACAGTAAGCTTAACTTATTCCGCAGC-3’
DNA
ALAS 94°C Smin 94°C
45s 61°C 30s 72°C 60s 35 72°C
PCR 1.0%
1.4 ALAS
1.4.1 PCR

10min

Sac 1 Hindlll

PCR pQE30

JM109
100pg/L LB
37°C
PCR
pQE30 ALAS
ALAS-pQE30
6 x His
1.4.2 ALAS
ALAS-pQE30 JM109 LB
100pg/mL 37C
1:100 20ml. LB
ODg, 0.6~0.7 IPTG
Immol/L ImL 37°C
6h 2h  1mL
400pL 50mmol/L. NaH, PO, 300mmol/L
NaCl 10mmol/L imidazol 10pg/mL pH8.0
30min 15%
SDS-PAGE 5h

15min 15min

ALAS ALAS
NTA QIA expressionist Version
3.0 03/2001 15% SDS-PAGE
1.5 ALAS

ALA Burnham 1970
? 500p.L
50mmol/L Tris-HCl pH 7.5 20mmol/L
0. 1mol/L 0. 1mol/L 0. Tmmol/L
15mmol/LL ATP 0.2mmol/L A
10min 20min 30min
13000r/min
pH 4.6

Qiagen Ni-

500pL 10%

Smin

ImL 2mol/L
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2.5mL Ehrlich’ s 60% ALA 4
VIV 2% m/V  11.2% 1.7 ALAS ALA
VIV 15min
556 nm Bradford ALA
37°C 1min 1pmol 13
ALA 4
1.6 ALAS ALA 4 1
ALAS-pQE30 M5 IM109 ALA
BL21 DE3 ALA LA ALA
ALA ALA
100
1 4
Table 1  The composition of four kinds of medium
Medium 1 g/L Medium 2 g/L Medium 3 ¢/L Medium 4 g/L.
Pepton 10.0 Pepton 20.0 Pepton 10.0 NaAc 1.64
Yeast extract 5.0 Yeast extract 30.0 Yeast extract 5.0 Mg SOs 7H, 0 0.20
Glucose 5.0 Glucose 5.0 NaCl 10.0 K> HPO, 0.90
NaCl 10.0 NaCl 3.0 Mg, SOs 7H, 0 0.5 KH, PO, 0.60
Mg, SO; 7H, 0 0.5 Mg, SO; 7H, 0 1.0 KH, PO, 2.0 Micronutrient b 10mL
KH, PO, 2.0 NH, 2HPO, 3.5 K, HPO, 4.0
K, HPO, 4.0 KH, PO, 5.0 Na, HPO, 12H,0 7.0
Na, HPO; 12H,0 7.0 Micronutrient a ImlL NH, Cl 1.0
NH, Cl 1.0 Micronutrient a ImlL
Micronutrient a ImlL

Micronutrient a 1L CoCly 6H,0 S5g MnSOy 5H,0 1g Na;MoOy 2H,0 2g H3; BO; 0.5g ZnCl, 2g CuSOy 5H,0 lg FeSOy 7H,0 20g CaCly 2H,0
20g Micronutrient b 1L CaCl,y 2H,0 7.5g ETDA 2g  NH, ,S0, 132g FeSO, 7H,0 1.18g H;BO; 28g MnSO,- 4H,0 21g ZnSO, 7H,0 2.4g Cu

NO; 5 3H,0 0.4g NayMoO; 2H,0 7.5¢

1.8
PCR
GenBank ALAS
alignment CLUSTAL W "

Kimura 2-

1980

parameter Kimura
8 Neighbor-joining Saitou and
Nei 1987 N

MEGA Version

2.1 Kumar et al 2001 v
Bootstrap 1000
70% 18 19
D10264 ALAS
2
2.1 ALAS
DNA PCR
601bp
PCR DNA
5 3 1224bp ~ 908bp

2428bp
ALAS
GenBank DQ288861
DNA
1267bp
1239bp 12bp ~ 1251bp 413
44kD
2.2 ALAS
ALAS GenBank
5-
Rhodopseudomonas
palustirs HemA AY489557
95.0% 413 16
64% ~ 67%
1
2.3
PCR pQE30 Sac I Hindlll
JM109
100pg/mL. Amp LB
PCR
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DNA PCR
Sac 1 Hind 1
3.4kb 1.3kb

100 [ E13323
0.1 90 L07490
sl e i
70 AB015491
_l: BX572597
97 | AY489557
| DQ288861

D102%4

1 ALAS
Fig.1 Phylogenic tree of ALAS. Bootstrap percentage values are shown
above the branches. The tree is unrooted and the scale measures genetic
distances in substitution per nucleotides. D10624 E. coli ALAS gene

was used as outgroup.

2.4 pQE30-ALAS
SDS-PAGE

ALAS
Ni-NTA

SDS-PAGE 44kDa
2

203 4 M 36T g
—974
—66.2
—a27
—310
— 114

2 SDS-PAGE

Fig.2  SDS-PAGE of affinity chromatography. M. Protein molecular
1.Recombinant plasmid induced by IPTG for 4h 7.

weight marker.
Recombinant plasmid without induction 2. Recombinant protein purified
with wash buffer 3 ~ 6. Recombinant protein purified with elution buffer.
2.5 ALA
pOE30-ALAS
ALAS ALA
JM109 ALAS

220U/ min® mg
628mg/l. BL21
251U/ min mg
M15 ALAS

333U/ min mg ALA

2

ALA

DE3  ALAS
ALA 1.203g/L

5.379¢/L

ALA

Table 2 Comparison of ALA production and special

activity of ALAS among different recombinant strains

OD value
after 14h

Strains

Extracellular
volume of ALA/ g/L

Special activity of ALAS
/ U/ min mg

JM109 0.0609
M15 0.3808
BL21 DE3 0.0996

0.628 220
5.379 333
1.203 251

2.6

ALA
ALA

50mmol/L
ALA
40mmol/L LA  ALA

3

3.1
MEGA

ALA

100mmol/L

ALA
ALA

ALAS
NJ

Bootstrap 1000

3

E13323 107490 X53864

Rhodopseudomonas

BX572597
AY489557

D288861

ALAS
Rhodobacter
X53309
AB015491
Rhodopseudomonas
Rhodoblastus DQ288861
ALAS
64% ~ 95%

ALA

Rhodopseudomonas palustirs  AY489557

95.0%

ALA
3.2 ALAS
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PCR ALA
PCR ALA
ALA ALAS
ALA ALA
PCR PCR ¥ ALA
Trilia
1988 PCR PCR ALA
E . coli 3.4 ALAS
PCR
ALAS ALAS M15
JM109 4
PCR ALA JM109 628mg/L M15
5.379¢/L. BL21 DE3 ALA
3.3 ALA JM109 M15
ALA ALA JM109  BI21 DE3
3- MI5 14 ALA
ALA 4 ALA 3
ALAS JM109
Sasaki ' ALA
Rhodobacter sphaeroides ALA
ALA Werf 1996 ’
1.3g/LL ¢ ALA
ALA
ALA 22.15mg/L. ALA
4~5d ALA ALA
LA
1996  Werf ° hemA ALA
3.3¢/L. Xie
z Rhodobacter sphaeroides ~ ALAS 1 s
E. coli MG1655 E. coli 2004 31 3 136 - 140.
CGSC4676 ALA 2
ALA 5.1g/L 1991
3 van der Werf MG Zeikus JG. 5-aminolevulinate production by E.
ALAS coli containing the Rhodobacter sphaeroides hemA gene. Appl
14 Environ Microbiol 1996 62 10 3560 — 3566.
E . coli ALA 4 . 5-
ALA . 2002 29 3 336 -
340.
5 . PSB-1
ALA 2000 4 4 233-239.
JM109 MI15 pQE30- 6 . PSB-1
ALAS ALAS 2000 5 19 -20.
. 7 . PSB-1
M15 333U/mir mg JM109
. 2000 6 30-31.
220U/min mg 3 . PSB-1

ALA 5.379¢/L

© HERFRHE DT RITEATIE20IEER3 1t 82:// journals. im. ac. cn



644 ZHANG De-yong et al ./ Acta Microbiologica Sinica 2007 47 4

9 Marchuk D Drumm M Saulino A et al. Construction of T- 16  Saitou N Nei M. The neighbor-joining method a new method for
vectors a rapid and general system for direct cloning of unmodified reconstructing phylogenetic trees. Mol Biol Evol 1987 4 406 —
PCR products. Nucleic Acids Res 1991 19 1154. 425.

10 Sambrook J Russell DW. . . 17 Kumar S Tamura K Nei M. MEGA3 Integrated software for

. 2002. molecular evolutionary genetics analysis and sequence alignment.

11 Ravin V  Alatossava T. Three new insertion sequence elements Brief Bioinform 2004 5 150 - 163.

ISLd2  ISLdI3 and ISLdl4 in Lactobacillus delbrueckii isolation 18  Efron B Halloran E Holmes S. Bootstrap confidence levels for
molecular characterization and potential use for strain identification. phylogenetic trees. Proc Natl Acad Sci USA 1996 93 7085 -
Plasmid 2003 49 3 253 -268. 7090.

12 Burnham BF. 6-Aminolevulinic acid synthase — Rhodopseudomonas 19 Hills DM Bull JJ. An empirical test of bootstrapping as a method for
sphaeroides . Methods Enzymol 1970 17A 195 —204. assessing confidence in phylogenetic analysis. Syst Biol 1993 42

13 Weaver PF Wall JD Gest H.  Characterization  of 182 - 192.

Rhodopseudomonas capsulata . Arch Microbiol 1975 105 207 - 20 .
216. 2005 27 1 81-85.

14 Thompson JD Higgins DG Gibson TJ. CLUSTAL W Improving 21  Sasaki K  Watanabe M  Tanaka T et al. Biosynthesis
the sensitivity of progressive multiple sequence alignment through biotechnological production and applications of 5-aminolevulinic
sequence weighting position specific gap penalties and weight matrix acid. Appl Microbiol Biotechnol 2002 58 23 -29.
choice. Nucleic Acids Res 1994 22 4673 — 4680. 22 Xie L Eiteman MA Altman E. Production of 5-aminolevulinic acid

15 Kimura M. A simple method for estimating evolutionary rates of base by an Escherichia coli aminolevulinate dehydratase mutant that
substitutions through comparative studies of nucleotide sequences. J overproduces Rhodobacter ~ sphaeroides aminolevulinate synthase.
Mol Evol 1980 16 111 -120. Biotechnol Lest 2003 25 1751 — 1755.

Cloning and prokaryotic expression of Rhodoblastus acidophilus 5-aminolevlinate synthase gene

ZHANG De-yong' CHENG Fei-xue' CHENG Ju-e' ZHANG Zhan-hong® LIU Yong'~
" Hunan Plant Protection Institute ~ Changsha 410125  China
2 Hunan Vegetable Institute ~ Changsha 410125 ~ China

Abstract 5-aminolevulinic acid ALA  is formed by the enzyme ALA synthase ALAS . However the fidelity of ALAS
gene among species is low. The ALAS gene of photosynthetic bacteria Rhodoblastus acidophilus was cloned from its
genomic DNA by conventional PCR and Veterette PCR and further sequenced. The identity of ALAS gene among
photosynthetic bacteria species is from 64.0% to 95.1% according to phylogenic analysis. Furthermore the ALAS gene
was subcloned into an expression vector pQE30. For the overproduction of ALA the recombinant ALAS was
overexpressed in Escherichia coli strains JM109 M15 and BI21 DE3  respectively. The expected 44kD protein was
detected by SDS-PAGE in three E. coli strains after IPTG induction and further purified by affinity purification on Ni-
NTA. The conditions including strain medium substrate of ALA synthesize glycine and succinic acid — and ALA
dehydratase inhibitor levulinic acid were optimized for attainning the maximum yield of ALA in E. coli. The ALA
production was established on E . coli M15 medium 1 supplied with 100mmol/L glycine and 50mmol/L succinic acid
and 40mmol/L levulinic acid. The activity of ALAS was up to 333U/min mg of protein. Meanwhile the output of ALA
was reached to 5.379g/L.  which is the highest yield of ALA up to date by biofermentation. ALA has a variety of
agricultural applications not only as an herbicide insecticide and growth promoting factor but also based on its ability
to confer salt and cold temperature tolerance in plants. Our recombinant bacteria are of great potential in the production
of ALA. Our results offer an easy and simple ALA mass production method and may stimulate the application of ALA in
agriculture .

Keywords Rhodoblastus acidophilus ALAS gene veterette PCR prokaryotic expression
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