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~4 J Biol Chem 8 ACC
U32 SV
U32 U32 SV
KNO;, 0.8% KNO,
5.7% KNO;, 13.6% °
U32
A — accA
E. coli
Western Blot
Northern Blot accA
1
1.1
Amycolatopsts mediterranei U32 U32 SV
FEscherichia coli DH5a BI21 DE3 pET28 b pBluescript II KS + pUC18
U32 cosmid
1.2
E. coli LB ! Amp 100pg/mL
Kan 50pg/mlL  U32 g/L 10 1 2
1 10 pH 7.0 U32 g/L. 40 K,HPO, 1
MgSO, 1 NaCl 1 CaCO; 5 ImL FeSO; 7H,0 0.1% MnCly
4H,00.1% 7ZnSO; 7H,0 0.1% NH, ,S0,
KNO;,
1.3
TA pMDI18 - T Takara Promega
Prime-a-gene labeling system o-”P dCTP
Taq Pfu-Taq Sangon Boehringer Mannheim
Northern Blot Western Blot Amersham Hy-
bond-C Nitrocellulose 0.45 Micron Streptavidin-AP
NBT/BCIP Promega Sigma
1.4 DNA
DNA Southern Blot 7
1.5 Northern Blot
U32
RNA ® ! Northern Blot

1.6
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1.7
LB 1%
ODg, 0.6~1.0 0.1mmol/L.  IPTG 2h
1 x SDS-PAGE PBS’
12 000r/min 10min SDS-
PAGE 10min

1.8 Western Blot

10% SDS-PAGE AP
NBT/BCIP Promega Streptavidin-AP
2
2.1 U32
U32 M. tuberculosis S. coelicolor
ACC ACC-A ACC-a M. tuber-
culosts  NP-000962.1 S. coelicolor ALS512667.2 2
KVLV 1 AN  YGFLA S E U32 3
GC PCR 5
primer A 5 —CAAGCTTCCGGT G/C CT G/C GT G/C GC G/C AA-3
Hind 111
primer B 5° —CTCTAGATC G/C GC G/C AGGAAGCCGTA -3
Xba 1
| 2 3 4 5 primer A B U32 DNA
bp PCR PCR 94C 3min
94°C Imin 51°C Imin 72°C
| 636— Imin 30 PCR 250bp
1
PCR pMDI18-T
" 250bp
25077 M . tuberculosis A a
S. coelicolor A
A 70%
! AB primer A B PCR
DNA
Fig.1 Electrophoresis of PCR products amplified U3z Acc
with a pair of degenerate primers A and B. 250bp  DNA ACC250
1. Gibco 1kb DNA ladder 2 3 4 5. PCR prod- U32 cosmid
ucts of ACC250 with Mg®* concentration of 1 2 3 5200 4

4mmol/L.  respectively.

51-B-10
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17-176 17-76 25kb  Southern Blot
U32
17 - 76 kb
Southern ACC250
L Y <A
2
pBluescript 1T KS 2 cosmid 17 - 76
U32
accA 3 Fig.2 The restriction enzyme map of the insert
fragment in cosmid 17 — 76
ac- B BamH1 S Sal1 P Ps .
A 1797bp
GTG TAG 598 63 714Da
RBS AGGAGG
G+Cmol% 70.1% G+C 91.7% U32
Genbank Accession No. AF486580
2.2
U32 accA SwissProt Data Bank
A a
1% 80% 70% 79%
A A 66 % 75%
2
Lys Ala-Met-Lys-Met U32  AccA
Lys 35
35
Gly Browner Gly ’ P. sher-
rmanii BCCP C Ile
Lys U32 4B
N Gly
Gly 0 A "
Gly ATP 4A AccA Gly
10.85% Ala 12.02%
2.3 AccA E. coli Western Blot
accA 30bp C 5 Nde 1
30bp D 5 EcoR 1 CD 3
primer C 5" — CATATGAATGCAGCTGTCGGACG -3’
Nde 1
primer D 5 — GAATTCGGCGCACGACACTCTGTA -3’
EcoR 1
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1 TTCACCTCTCACT CAAGAGACTCCCGACGTCATATCCGTAGACT TCCCTGATGCCGCGTGGGCGGTCAGCAAT GCAGCTG 80
primer C
RBS vV A E Q V66 ET T G G P V T K I L V AN
81 TCGGACGCAGGAGGT GCGGGCCGAGCAGGTCGGCGAAACCACGGGTGGTCCGGT GACCAAGATCCTGGTCGCCAAC 160

—_— primer A
R G EI AV RV I RAAIKUDA AGILA ASV AV Y A DUPD
161 CGTGGCgﬁ&?TCGCGGTACGCGTCATCAGAGCCGCGAAGGACGCTGGCCTGGCCAGTGTCGCGGTGTACGCCGACCCGGA 240

R DA PHV RVLADEA ATFA ALTGS GTTAH-AES Y LN
241 TCGCGACGCGCCACACGT CCGGCTGGCCGACGAAGCCT TCGCGCTGGGCGGCACGACGGCGGCCGAAAGCTACCT GAACT 320

F D K L. LD A AEKIZ RS GAD SV HZPGY G F L S ENA

321 TCGACAAGCTCCT GGACGCCGCCAAGCGCT CGGGCGCCGACT CGGTGCACCCGGE: CGGCTTCCTCTCCGAGAATGCG 400
primer B
D F A Q AV L DAGTLTWTIG?P S P QAT RUDULGTDK
401 GACTTCGCCCAAGCCGTCCT CGACGCCGGGCT GACCT GGATCGGGCCGAGCCCGCAGGCTATCCGCGACCTCGGCGACAA 480

vV T A R HI A MRAGAPULV P G T KX E P V K DA S
481 GGTCACCGCCCGCCACAT CGCCATGCGCGCGGGCGCGCCGCT GGTGCCGGGCACCAAGGAGCTGGTCAAGGACGCCT CCG 560

E 1 VA F ADEUHSGTLU®PUVATIKTATFGSGSGOGR G L K
561 AAATCGTCGCGTTCGCCGACGAGCACGGGCTGCCGGT GGCCATCAAGACCGCGT TCGGCGGTGGT GGCCGCGGCCTCAAG 640

V AR TREE I P EL F E S ATU REA AV AATF GR G E
641 GTCGCGCGCACCCGCGAAGAGAT CCCCGAGCT GTTCGAGT CGGCCACGCGCGAGGCGGTCGCTCGCGT TCGGCCGCGGCGA 720

C F VERY LD KUZPIRHYV KAQV L ADMETGTAI
721 GT GCTTCGTCGAGCGCTACCT GGACAAGCCGCGCCACGT CAAGGCGCAGGT GCT GGCGGACAT GCACGGCACCGCGATCG 800

v v 6T RDU CSULQRRHQKLV EEA AZPAPTFTLND
801 TCGT CGGCACCCGCGACT GCTCGCT GCAGCGACGGCACCAGAAGCT CGT CGAAGAGGCGCCCGCGCCGTTCCTGAACGAC 880

E Q R KR I HEE S A K AI CKEAGY Y GA G TV E Y
881 GAGCAGCGCAAGCGCATCCACGAGT CCGCGAAGGCGATCT GCAAGGAAGCCGGCTACTACGGCGCCGGCACGGT CGAGTA 960

L v ATDSGTTI S FLEVNTI RULAGQVEHUPV S E E
961 CCTCGT CGCCACCGACGGCACGATCT CCTTCCT CGAGGT CAACACGCGGCT GCAGGTCGAGCACCCGGTGTCGGAAGAGA 1040

T T ¢ L DLV REMTFI RTIARTGET KT LHZ RTITEDTPTETP
1041 CGACCGGTCTCGACCTCGT CCGGGAGAT GTT CCGGATCGCCCGT GGCGAGAAGCT GCGGAT CACCGAGGAT CCCGAGLCG 1120

R GH S I EF RINGEUDAGRTGTFULZPAPGTV T K
1121 CGCGGCCACTCGATCGAGTTCCGCAT CAACGGCGAGGACGCCGGCCGCGGCT TCCT GCCCGCGCCGGGCACGGT GACGAA 1200

F vA P S GP GV RVDS GV ES G S VI GG F D
1201 GTTCGT CGCGCCGAGCGGCCCGGEGCGTGCGCGT CGACTCCGGCGT CGAATCCGGCAGCGT CAT CGGCGGGCAGT TCGACT 1280

S ML AKX VLI VTGS DI RNNALER RS RIRALAEM
1281 CGAT GCTGGCCAAGCT GATCGTCACCGGCT CGGACCGGAACAACGCCCT CGAACGCAGCCGCCGCGCCCT GGCCGAGATG 1360

vVVEGMATUVLPTFDI RUYVIVDDUPATFTIGDENG
1361 GT CGTCGAAGGCATGGCCACGGT GCTGCCGTTCGACCGCGTGAT CGT CGACGACCCGGCGT TCAT CGGCGACGAGAACGG 1440

F S VH T R W I ET EF DNXK I E P F V A P DTIE A
1441 CTTCAGCGTGCACACGCGCT GGATCGAGACGGAGT TCGACAACAAGAT CGAGCCGT TCGT GGCGCCCGACAT CGAGGCCA 1520

T E E E P R Q NV V V EV GG RRULEV S L P G G F A
1521 CCGAGGAAGAGCCGCGGCAGAACGT CGT GGT CGAGGT CGGCGGCCGGCGGCTCGAGGT GT CGCTGCCGGGCGGGT TCGCG 1600

L E GG GGRG G GV TV KRS PASAPI RUHEBGQGTR R G
1601 CT CGAAGGT GGCGGCGGT CGCGGTGGCGGGGT CACTGTCAAGCGAAGCCCCGCAAGCGCGCCGCGGCACCAAGGCCGCGG 1680

E R RAVTAPMOQGT I V KV AV EEGO QT V E A
1681 TGAGCGGCGAGCCGTCACGGCGCCGATGCAGGGCACGAT CGT GAAGGTGGCCGT CGAAGAGGGCCAGACGGT GGAAGCCG 1760

G E L I VvV V L E & M E N P VT A H K A G T V T G L
1761 GTGAGCTGATCGT CGT CCTCGAGGCGATGAAGAT GGAARACCCGGT CACCGCACACAARAGCGGGCACCGT CACCGGGCTT 1840

S VEV A AAV T QG T Q L L E I K *
1841 TCGGTCGAGGT CGCGGCCGCCGT GACGCAGGGCACGCAGCTT CTCGAGATCAAGTAGCGCAGTTC 1920

primer D
1921 GCGCCCTGGGGCGGCCTACCAT CGACACCGT GACCGAAGTCCCGT CTCCGCAGCT GCGGATCAGCGACCAGAACCGCGAG 2000
2001 TCCGCGCTGTCCGCGCTCGGT GAGCACATGAGAAT TCAT CAAGCTTAT CGATACCGTCGACCT CGAGGGGGGGCCCGTT T 2080
2081 ACCCAGCTG 2089
3 U3 accA

Fig.3  Nucleotide and deduced amino acid sequence of the U32 biotinylated protein gene accA
The putative ribosome binding site RBS and the tetrapeptide containing the lysine site for the biotinylation are indicated. Two

pairs of primers mentioned in the paper are also delineated.
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A.
M. tuber 152DEVVAFAEEYGLPTIATKAAHGGGGKGMKVARTIDEIPELYESAVREA198
U32 153SEIVAFADEHGLPVAIKTAFGGGGRGLKVARTREEIPELFESATREA199
yeast-pyc 162EEALDFVNEYGYPVIIKAAFGGGGRGMRVVREGDDVADAFQRATSEA208
LKook, okok ok kkok okkkkokrrk ok oroi,roir ok, k¥k
B.
M. tuber 537PMQGTVVKFAVEEGQEVVAGDLVVVLEAMKMENPVTAHKDGTITGL
U32 535 PMQGTIVKVAVEEGQTVEAGELIVVLEAMKMENPVTAHKAGTVTGL
yeast-pyc 1106PMAGVIVEVKVHKGSLIKKGQPVAVLSAMKMEMIISSPSDGQVKEV
*kk ok, ork:, ok ook, o ko orokk ckkkkx o L koL
M. tuber AVEAGAAITQGTVLAEIK600
U32 SVEVAAAVTQGTQLLEIK598
Yeast—pyc FVSDGENVDSSDLLVLLE1169
L . T
4

Fig.4 CLUSTAL alignment of the deduced amino acid sequences of the U32 and M. tuberculosis biotinylated
proteins AccA  with pyruvate carboxylase from S. cerevisiae
A CLUSTAL alignment of putative ATP-bicarbonate interaction sites of U32 amino acids 153 — 199 and M. twberculosis AccA
protein amino acids 152 — 198  with S. cerevisiae pyruvate carboxylase amino acids 162 — 208 B CLUSTAL alignment of
the C termini of the U32 amino acids 535 - 598 and M. tuberculosis AccA protein amino acids 537 — 600 with S. cerevisiae
pyruvate carboxylase amino acids 1106 — 1169 . The gene accession numbers of M. tuberculosis AccA U32 AccA and S. cere-
visiae pyruvate carboxylase are NC — 000962.1 AF486580.1 and JO3889.1 respectively.

CD U32 DNA PCR Pfu-Taq PCR
94°C 3min 94°C Imin 56°C Imin 72°C 2min 30
2kb accA 2kb pBlue-
Script I KS/ EcoR V pKS-ACC accA
Nde 1 EcoR 1 pKS-ACC 2kb pET-28 b Nde 1+
EcoR 1 accA pET-28 b T7
pET-ACC E. coli BL21 DE3
IPTG 2h 10% SDS-PAGE
2 Streptavidin-AP AP
NBT/BCIP 5 6A
66kD
Lane 4
AccA
NBT/BCIP 6B
66kD E. coli BCCP
17kD 66kD
E. coli BL21 DE3 E. coli BCCP
BL21 DE3 1-6 BCCP E
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43

coli

BCCP 7

kD
—94
—67

—43

—31

5 032

AccA

—66kD

Western Blot
Fig.5 A B SDS-PAGE and Western blot analysis of induced biotinylated protein AccA of U32

A. Proteins were fractionated by 10% SDS-PAGE and stained with Commassie bright blue R-250

B. After electrophoresis and Western blotting biotinylated polypeptides were detected as described in materials and methods.

Lane 1 BI21 DE3

induced by IPTG for 2h 2 BI21 DE3 /pET28 b

not induced 3 BI21 DE3 /pET28 b in-

duced by IPTG for 2h 4 BI21 DE3 /pET-ACC not induced 5 6 and7 BI21 DE3 /pET-ACC induced by IPTG for 2h 5

whole cell lysate 6 supernate 7 pellet 8 molecular mass standards.

2.4 accA  Northern Blot
U32 4
0.8%KNO,

Northrn Blot

4 5

-+— 23S rRNA

-+— 16S IRNA

A
R a— accA transeript
2 ~2kb

D | selde
6 U2 accA Northern

Fig.6  Northern Blot analysis of U32 accA transcript
Lane 1 0.2% NH; ,S0, 2 0.4% NH; ,50, 3 0.8%
NH; ,S0, 4 0.8%KNO; 5 Bennet medium. 5pg RNA
was loaded into each lane to serve as control A 50ug RNA
was then loaded into each lane to perform the Northern Blot B .

3

Cr BC CT 2

CT ACC

0.2% NH, ,50, 0.4% NH, ,50, 0.8% NH, ,S0,

RNA accA
6
Northern Blot
accA U32
accA
NH, ,50,
accA
0.8%KNO, U32 accA
0.8% NH, ,S0,
6
KNO,
KNO, U32  accA
A
BC BCCP
BCCP BC

3 12
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1 u32 63
E. coli E. cdi ACC BC accC BCCP accB CT accA accD
3 accB  accC accA accD  accBC
ACC 2 60kD
AccA
A A AccB 2
ACC
BC BCCP CT
U32 U32
Western Blot AccA N
ATP
U32 accA 1kb
GenBank CT CT
U32
ACC CT ACC CT
A 2000  Kimura Myxococcus xanthus
Acc ° 2 U32
ACC CT accB Northern Blot accB
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Cloning Expression and Transcriptional Analysis of Biotin Carboxyl Carrier
Protein Gene accA from Amycolatopsis mediterranei U32"

Lu Jie Yao Yufeng Jiang Weihong Jiao Ruishen™"
Laboratory of Molecular Regulation for Microbial Secondary Metabolism  Shanghai Institute of Plant Physiology and Ecology
Shanghai Institutes for Biological Sciences ~Chinese Academy of Sciences  Shanghai 200032  China

Abstract Acetyl CoA carboxylase EC 6.4.1.2 ACC catalyzes the ATP-dependent carboxylation
of acetyl CoA to yield malonyl CoA which is the first committed step in fatty acid synthesis. A pair
of degenerate PCR primers were designed according to the conserved amino acid sequence of AccA
from M. tuberculosis and S. coelicolor . The product of the PCR amplification a DNA fragment of
250bp was used as a probe for screening the U32 genomic cosmid library and its gene accA  coding
the biotinylated protein subunit of acetyl CoA carboxylase was successfully cloned from U32. The
accA ORF encodes a 598-amino-acid protein with the calculated molecular mass of 63.7kD  with
70.1% of G+ C content. A typical Streptomyces RBS sequence AGGAGG was found at the — 6
position upstream of the start codon GTG. Analysis of the deduced amino acid sequence showed the
presence of biotin-binding site and putative ATP-bicarbonate interaction region which suggested the
U32 AccA may act as a biotin carboxylase as well as a biotin carrier protein. Gene accA was then
cloned into the pET28 b vector and expressed solubly in E. coli BI21 DE3 by 0. Immol/L
IPTG induction. Western blot confirmed the covalent binding of biotin with AccA. Northern blot an-
alyzed transcriptional regulation of accA by 5 different nitrogen sources.

Key words Amycolatopsis mediterranei  acetyl-CoA carboxylase biotin carboxyl carrier protein

transcriptional regulation
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