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KNO, 0.8%KNO,
0.8% NH, ,80, *

U32
1
1.1
1
1
Table 1 Strains and plasmids
Strains and plasmids Characteristic Source
Strains
el DiSa F~$80 dlacZ AM lacZYA-argF U169 deoR recAl endAl hsdR17 1. my GIBCO
supE44-thi-1 gy196 relAl
E . coli BI21 ED3 F" ompT ry~ mp~ DE3 Novagen
A . mediterranei U32 A high-yield producer of rifamycin SV This lab
Plasmids
pBluescriptIl KS pUCI18-derived cloning vector Stratagene
pET-28b Expression vector carrying an N-terminal T; * tag sequence Novagen
pLAFR3 cos mob™ Tra™ IncP Tc' Staskawicz
ALD7-66 A cosmid with ald gene in pLAFR3 This work
pAld555 pMDIS8T vector harboring 555bp PCR fregment of ald This work
pAldB pBluescriptll KS harboring 1.8kbBamH I This work
pEX-Ald pET28b carrying ald PCR product for expression This work
1.2
LB 37C  U32 ’
DNA  0.25% 28C 100pg/mL
15pg/mL 50pg/mL
1.3
TADNA CIAP TaKaRa RNase
Sigma o P -dCTP
Boehringer Mnnheim
1.4 DNA
U32 DNA ¢ DNA

Sonthern
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Prime-a-Gene Promega U32  cosmid
1.5 DNA
DNA
BioEdit Sequence Alignment Editor BLAST  FASTA
1.6
ald GenBank AF498372
1.7
Bradford s
1.8
SDS-PAGE His-Tag
Qiagen
NADH  340nm ’
2
2.1
U32
10 11
U32

pAld555A  5'-GGAATTCT G/C CT G/C GC G/C CCGATGTC-3’

EcoR'1
pAld555B 5'-GTCTAGAGTT G/C GT G/C AG G/C GCGTA G/C G-3'
Xba 1
U32 DNA 555bp
pMD18-T BLAST X ald
U32 cosmid 53 96 LB
PCR ald
555bp Southern 5
ALD7-66 ALD16-56 ALD17-57 ALD25-96  ALD51-82 Southern
U32 cosmid 20kb ALD7-66
U32 DNA ALD7-66 DNA BamHI
Smal  Xhol Southern 555bp  PCR 1
U32 DNA DNA
ALD7-66 U32
2.2
ALD7-66 Southern 555hp
PCR ATD7-66
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2
ald 2
T “
1 ald Southern
Fig.1 Confirmation of 5 A. mediterranei U32 positive clones by southern hybridization

A. Ethidium bromide-stained agarose electrophoresis of restriction enzyme digested positive clones and

U32 genomic DNA  B. Autoradiograph of southem blot.

1~5. BamHI digested 5 positive clones 6. Gibco 1kb ladder 7 ~9. U32 genomic DNA digested

by BamHI  Smal and Xhol respectively 10~ 12. ALD7-66 digested by BamHI Smal and Xhol

respectively.

1kb
Pst1 Sma 1 Sma Xhol
Xhol BamHI| Ecol Pstl Pst1  Pst1 BamHI \EcoRl
] ] ] # ] ] ]
ald structure gene
2 ALD7-66
Fig.2 Restriction map of ALD7-66 partial fragment encoding ald gene
Results from southern analysis indicated that the ald gene was involved within approximately a 1.8kb
BamHI/ BamHI DNA fragment.
1.8kb BamH 1 pBluescript I KS pAldB
pAldB 1784bp
1113bp ORF 242 1355
GTG 371 GC 72.5%
6 RBS
AGGAGG 75
U32 GenBank

nnlinnlase AR O7. 877
Streptomyces g il Te s SR TrrmumaRma nea:// journals. in. ac. o
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Mycobacterium tuberculosts 69 % 54% Ba-
cillus subtilis 60% 48 % Myxococcus xanthus 68 %
57%
2.3
U32 Nde 1  EcR 1
pEX-AldA  5'-CATATGACCGTGCGTATCGCCGTTC-3'
Nde 1
PEX-AIdB  5'-GAATTCAGGCGAGGACGGTGTCCAG-3’
EcoR 1
pfuTaq pET28b
pEX-Ald BL21 DE3 37°C
0Dy, 0.6~0.8 IPTG 0. Immol/L 22°C 28C
37°C 1h 12% SDS-PAGE 45kD
3
10mL 10mL ImL PBS
4 4 22°C 28°C 37C
4

3
Fig.3 SDS-PAGE analysis of expression products

of alanine dehydrogenase gene in E. coli BL21

1. E. coli BL21 DE3 induced by 0.1mmol/L IPTG
for2h 2. E. coli BL21 DE3 harboring pET28b  induced
by 0. Immol/L IPTG for 2h 3. E. coli BI21 DE3 har-
boring pEX-ALD not induced 4. E. coli BL21 DE3
harboring pEX-ALD  induced by 0. Immol/L IPTG for 2h at
22°C 5. E. coli BI21 DE3 harboring pEX-ALD in-
duced by 0.1mmol/L IPTG for 2h at 28°C 6. E. coli
BI21 DE3  harboring pEX-ALD induced by 0.Immol/L
IPTG for 2h at 37°C 7. Protein molecular weight marker
94.0 67.0 43.0 30.0 and 14.4kD

8. Expression

product purified by His-tag.

S8
i
1

— — o
=) n =

ALD activity/
(min/mg of protein)

<
wn

4 E. coli
Fig.4  Alanine dehydrogenase activity
in E. coli induced by IPTG
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2.4
pET28b N 6 His
pEX-Ald  22%C
SDS-PAGE
3 Lane 8
2
2 [-Ala  NAD H
D-Ala  NADP H L-Ala
NAD H .
2
Table 2 Substrate specificity of alanine dehydrogenase
Oxidative deamination Reductive amination
Substrate Activity/ % Substrate Activity/ %
L-Ala 100mmol/L 100 Pyruvate 20mmol/L 100
D-Ala 100mmol/L 3.2 NADH 1.25mmol/L 100
NAD* 1.25mmol/L 100 NADPH 1.25mmol/L 1.4
NADP* 1.25mmol/L 2.5
* k% *

B. spha-Ald  "™KVT-VIGGGIAGTNAAKIAVGMG-——AD-VTVIDLSP™
B. stea-Ald  ™KVT-I1IGGGTAGTNAAKIGVGLG-—-AD-VTILDINA™
B. spha-PheDH "KTYAIQGLGKVGYKVAEQLLKAG-—AD-LFVTDIHE"
E. coli~G1uDH ™RVS-VSGSGNVAQYATEKAMEFG-——ARVITASDSSG™
B. stea-LDH  "RVV-VIGAGFVGASYVFALMNQG--IADEIVLIDANE"
Pig GADPH  *(VG-VNGFGRIGRLVTRAAFNSG--KVDIVAINDPFI®
A m U32-A1d "“RVV-VIGGGVAGLNAARVALGLG-——SD-VEILDTNV*!

lpasl —ap— le—pr—

5 NAD P *
Fig.5 Sequence comparison of the BA-aB-3B regions
of several NAD P * -dependent dehydrogenases
Conserved residues that are believed to be important for coenzyme binding are indicated by asterisks. The sequence numbers
of the first and last residues involved in this region are shown above each sequence.
Abbreviatons  Ald. Alanine dehydrogenase LeuDH. Leucine dehydrogenase PheDH. Phenylalanine dehydrogenase
GluDH. Glutamate dehydrogenase LDH. Lactate dehydrogenase GAPDH. Glyceraldehydes-3-phosphate dehydrogenase

B.spha. B.sphaericus B.stae. B. staerothermophhilus .

3

U32
GC 70% G
C 90 %
U32
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PCR PCR Southern U32
6 RBS AGGAGG " 75
14
GenBank U32
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Cloning and Characterization of Alanine Dehydrogenase Gene ald
from Amycolatopsis mediterranei U32~

Yao Yufeng Lu Jie Yu Hao Zhao Guoping Jiang Weihong Jiao Ruishen™
Laboratory of Molecular Regulation for Microbial Secondary Metabolism — Shanghai institute of
Plant Physiology and Ecology ~ Chinese Academy of Sciences 300 Fenglin Road ~ Shanghai 200032  China

Abstract Alanine dehydrogenase [-Alanine NAD® oxidoreductase deaminating EC 1.4.1.1
catalyzes a reversible oxidative deamination of L-Alanine to pyruvate and ammonia with NAD" as
cofactor. It is a key enzyme in alanine catabolism and ammonia assimilation. According to the
biased usage in the third codon of G or C and conservative regions in amino acid sequence of
Alanine dehydrogenase from S. coelicolor and M. tuboculosis a pair of degenerate primers were
designed. The product of the degenerate primers PCR  555bp  was amplified from U32 genomic
DNA. The ald gene was cloned and sequenced after screening the cosmid library of U32 strain
with the PCR product as a probe. The open reading frame of ald encodes a protein of 371 amino
acids with a calculated molecular mass of around 43kD. There is a typical strepomyces RBS
AGGAGG at the — 6 position upstream of start codon GTG. Lys75 is a pyruvate binding site. The
ald gene was introduced into £ . coli BL21 DE3 by pET28b vector. The ald was induced by IPTG
at 22°C 28°C  37°C. The activity of alanine dehydrogenase was highest when it was induced at
22°C. Tt is seen the enzyme is NADH/NAD™" and L-Ala specific.

Key words Amycolatopsis mediterranei  Alanine dehydrogenase Cloning Expression
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