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Limited proteolysis of chicken liver acetyl-CoA carboxylase by staphylococcal serine proteinase yielded a
fragment of 31 kDa which contained the biotinyl active site. This polypeptide was purified by preparative
polyacrylamide gel electrophoresis and characterized. The complete amino acid sequence of this polypeptide
has been deduced from the nucleotide sequence of cloned DNA complementary to the chicken liver acetyl-
CoA carboxylase mRNA. A highly conserved sequence of Met-Lys-Met was found in the biotin-binding
site. Appreciable homology was observed among the sequences in close vicinity of the biotin sites of chicken
liver acetyl-CoA carboxylase and other biotin-dependent carboxylases including biotin carboxyl carrier pro-
tein of Escherichia coli acetyl-CoA carboxylase.
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1. INTRODUCTION

Acetyl-coenzyme A carboxylase, a biotin en-
zyme, plays a critical role in controlling the rate of
fatty acid biosynthesis [1,2]. This enzyme from
animal species is composed of one kind of subunit
with a large M; of 220000-260000 [3—7] and
carries three catalytic functions including biotin
carboxyl carrier protein, biotin carboxylase and
carboxyltransferase as well as the regulatory func-
tions [3,8]. Studies on the structural organization
of the catalytic and regulatory domains of acetyl-
CoA carboxylase are important to resolve the reac-
tion mechanisms and evolution of the enzyme.
Here, the primary structure of the biotin-binding
site of chicken acetyl-CoA carboxylase, which
possibly corresponds to the biotin carboxyl carrier
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protein moiety, has been deduced by cloning and
sequencing cDNA encoding the enzyme.

2. MATERIALS AND METHODS

Acetyl-CoA carboxylase was purified from
frozen chicken liver as described [6]. 50 mg
purified enzyme was boiled for 2 min in 50 mM
Tris-HCI buffer, pH 8.0, containing 0.5% SDS
and 1 mM EDTA, and then incubated with 0.5 mg
staphylococcal serine proteinase at 30°C for 1.5 h.
Polypeptides were isolated by electrophoresis on
0.1% SDS/12.5% polyacrylamide gels in a
preparative gel electrophoresis apparatus (model
CD-50, Advantec Toyo) using the system of [9].
Alternatively, native acetyl-CoA carboxylase was
digested with Achromobacter proteinase 1 fol-
lowed by separation of the fragments with re-
verse-phase HPLC. Amino acid sequence analysis
was carried out with a gas-phase sequencer, and
PTH-amino acid analyzer (model 470A and 120A,
Applied Biosystems). The polypeptide fragment
containing biotin was identified according to [10]
(see fig.1).
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Total RNA was extracted from liver of an egg-
laying hen as in {11}, and poly{A)* RNA isolated
as in [12]. A library of cDNA clones was prepared
by the method of Okayama and Berg [13], using
19.2 xg poly(A)* RNA and 4.2 g vector-primer
DNA. The procedures for transformation and
screening were as in [14]. Six oligodeox-
yribonucleotide probes were synthesized on an

automaied DNA symuemzer {mode! 380A Ap-

plied Biosystems): -CCCCANACGTTCTT -3’
(probe a N denotes a mixture of A, T, G and C),
5’ -GGGTCGTTCTCCTT -3’ (probe b), § -GCGT—
TGNGCCATCATCTC -3’ (probe ¢), 5'-T-
ETG,ETCNGCCAT -3’ (probe d), 5T-Al (,NU-
TGCAT-3' (probe ¢) and 5'- CGGTTCT-

GCTGGA A-3' (probe f). Probes a—f, labelled with

32p at the 5'-end, were used for hybridization at
37°C for probes a, b and f, 38°C for probes d and
e and 50°C for probe ¢. DNA sequencing was car-
ried out according to Maxam and Gilbert [15] and

by the dideoxy chain-termination method [i6] as
described [17].

1 2
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Fig.1. Identification of biotinyl peptide. Acetyl-CoA
carboxylase was treated with staphylococcal serine
proteinase. 4 xg of the pepiide fragments were incubated
with (lane 2) or without (lane 1) 10 4g avidin, and then
subjected to SDS-polyacrylamide gel electrophoresis
(7-15% polyacrylamide) [9]. The size markers used were
bovine serum albumin, ovalbumin, lactate dehydrogen-

aca trumcin inhihitar and svtachram i
ase, trypsin inhibitor and cytochrome ¢. The peptide of

31 kDa is indicated by an arrowhead.
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3. RESULTS AND DISCUSSION

Acetyl-CoA carboxylase from chicken liver was
subjected to limited proteolysis by staphylococcal
serine proteinase. After incubation with avidin, the
digest was subjected to electrophoresis. Fig.1
shows that the peptide of 31 kDa shifts to a higher
molecular mass region (i.e. to 97—120 kDa) sug-

cactina that it ic camnlavaed with avidin [1M Thic
Evat‘.lls LRIGAL AL 1D UU.IAP‘V“U“ YYALIL CAYINALAL llv]- A L33

peptide was isolated electrophoretically and sub-
jected to amino-terminal sequence analysis
(fig.2A). The peptide of 31 kDa isolated was fur-
ther cleaved with Achromobacter proteinase I into
fragments of 25 and 54 kDa. Each peptide was
also isolated and subjected to automated Edman
deoradation (fta AR Y The pnnﬁr‘p fraomentg
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generated by extensive digestion of the intact
acetyl-CoA carboxylase with Achromobacter pro-
teinase I were examined for their amino acid se-
quences. The sequences were (in one-letter code)
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Fig.2. Partial amino acid sequence analysis of peptide
fragments. The yield of PTH-amino acids at each cycle
of Edman degradation of the peptide of 31 kDa (A),
25 kDa (B) and 54 kDa (C) is shown. The one-letter
amino acid notation is used. In B, the preparation of the

nantide of 258 kDa wac a mivture of two nentidec the
PEOPUGE C1 Lo XiJa was a mixture o1 twe pepuaes, ing

sequences of which were assigned as indicated.
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EMMAQYASNITS, MADHYVPVPGGPMFR, carboxyl side of a lysine residue [18]. Probes c, d,

EREEFLIPIYHQVAMQFAD and LLETESFQ- e and f correspond to the sequences, EMMAQYA,
QNRIDTG. MADHY, MQFAD and FQQNR, respectively, all

A cDNA library derived from chicken liver of which were contained in the peptide fragments
poly(A)* RNA was screened by hybridization with generated by cleavage of the intact acetyl-CoA car-
each of oligodeoxyribonucleotide probes a—f (see boxylase with Achromobacter proteinase 1 (see
section 2). Probe a corresponds to the sequence (in above). From about 6 x 10° transformants, two
one-letter code) KNVWG contained in the peptides clones (pACC33 and pACC34), hybridizing with
of 31 and 25 kDa (fig.2A,B). Probe b was syn- probes b, ¢ and f were isolated. No other transfor-
thesized on the basis of the sequence ENDP in the mants gave a hybridization signal with more than
peptide of 54 kDa (fig.2C) and assuming that the one probe. Restriction endonuclease mapping of

preceding residue of the peptide is lysine because pACC33 and pACC34 was unable to distinguish
this peptide was generated (fig.2B,C) by digestion them suggesting that they are siblings.
with Achromobacter proteinase I which cleaves the The primary structure of chicken acetyl-CoA
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Glu Asn Ser Ala Fis Val Pro Cys Pro Arg Glv His Val Tle Ala Ala Arg lle Thr Ser Glu Asn Pro Asp Glu Gly 26
5" ~mmmm GAC AAT TCA GCC CAT GTC_CCC TGT CCA CGT GGC CAT GTT ATT GCT GCA CGT ATC ACC AGT GAG AAT CCT GAT CAG GGA

Phe Lys Pro Ser Ser Gly Thr val Gln Glu¥Leu Asn Phe Arg Ser Asn lvs Asn Val Trp Gly Tyr Phe Ser Val Ala Ala Ala Gly Gly 56
17T AAG CCC AGT TCT GGT ACA CGTC CAG GAA CTG AAT ITC CGC AGC AAT AAC AAT GIT TGG CGC TAT TTC AGT GTT GCT GCT GCA GGA GGG

a
Leu F1s (lu Phe Ala Asp Ser Gln Phe Gly His Cys Phe Ser Trp Gly Glu Asn Arg Glu Glu Ala Tle Ser Asn Met Val Val Ala Leu 86
CTG CAT GAA TTT GCT GAT TCT CAG TTT GGT CAC TGC TTC TCT TGG GGA GAG AAT CGT GAA GAA GCC ATC TCA AAC ATG GTG GTG GCT TTG

Lys Glu Leu Ser Ile Arg Gly Asp Phe Arg Thr Thr Val Glu Tvr Leu Tle Lys Leu leu Glu Thr Glu Ser Phe Gln Gln Asn Arg Ile 116
AAC (AL CIG TCC ATC CGA GGG GA1 TTC CGA ACC ACT GTT GAA TAC TTG ATA AAA CTG TTG GAA ACA GAA AGC TTC CAG CAG AAC CGC ATT

f
Asp Thr Glv Trp Leu Asp atg leu Ile Ala Glu Lys Val Gln Ala Glu Arg Pro Asp Thr Met Leu Gly Val Val Cys Gly Ala Leu His l4b
GAC ACT GUL TGGL TTG GAT GG CIT ATT GCT GAG AAA GTG CAG GCT GAA AGG CCT GAT ACC ATG CTA GGA GTG GTA TGT GGA GCT CTT CAT

Val Ala Asp Val Ser Phe Arg Asn Ser Val Ser Asn Phe Leu Hi~ Ser Leu Glu Arg Gly Gln Val Leu Pro Ala His Thr Leu leu Asn 176
GTG GCT GAT GTG AGC TTT (GA AAC AGC GTC TCA AAC TTC CTG CAC TCT TTA GAA AGG GGC CAA GTC CTG CCT GCT CAT ACT TTG CTA AAC

Thr Val Asp Val Glu Leu [le Tyr tlu Glv Arg Lvs Tyr Val Leu Lys Val Thr Arg Gln Ser Pro Asn Ser Tvr Val Val Ile Met Asn 206
ACT GTC CAT GTG GAA CTC ATC TAT CAA GGA CGG AAA TAT GTG TTG AAG CTG ACC CGA CAG TCT CCC AAT TCC TAC GTIG GTC ATC ATC AAC

Ser Ser Ly< Val Glu Val Asp Val His arg Teu Ser Asp Glv Gly Leu leu Leu Ser Tvr Asp Glv Ser Ser Tyr Thr Thr Tvr Met lis 234
ACC TCT TGT GTGC GAA GTT GAT CTG CAC ACA CTC AGC GAT GGA GGG CTG CTC CTA TCT TAC GAT GGT AGC AGC TAC ACC ACC TAC ATG AAA

Glu Glu Val Asp Arpg Tyr Arg Tle Thr Ile Gly Asn Lvs Thr Cys Val Phe Glu Lvs Glu A=n Asp Pro Ser Ile Leu Arg Ser Pro Ser .bh
GAA CAM CTG GAC AGG TAT CCC ATC ACT ATA GGT AAC AAG ACC TGT GTG TTT GAA AAG GAA AAT GAT CCT TCT AIT CTG CGC TCA CCT TCC

b *
Ala CGlv Lvs Leu [le Gln Tvr Val Val Glu Asp Gly Glv His Val Phe Ala Glv GIn Cvs Phe Ala Clu Ile Glu Val Met Ivs Met Val 29¢
GCT GG AAL CTT ATC CAG TAT GTG GTC GAG GAT GGG GGA CAC GTG TTT GCA GGC CAA TGC TTT CCA CGAA ATA GAG GTC ATG AAA V16 GTG

Met Thr Ieu Thr Ala Gl Glu¥Ser Gly Cys Ile His Tvr Val Lys Arg Pro Gly Ala Val Leu Asp Pro Gly Cys Val Tle Ala Ivs Leu 326
ATG ALA CTA ACA GCA GGA GAG TCA (GC TGC ATC CAT TAT GTC AAA CGC CCC GGG GCA GTG CTG GAT CCA GGC TGT GTG ATT GCC Aaa CIC

Gln Leu

CAG CTC=wmmm 3'
Fig.3. Restriction endonuclease map of the cDNA insert of clone pACC33 (A) and nucleotide sequence including the
978-bp EcoRI-Pyull fragment (B). (A) The restriction map shows only the relevant restriction sites. The
poly(dA) - poly(dT) tract and the poly(dG)-poly(dC) tail are not included in the map. The protein coding region is
indicated by a closed box, and the 978-bp EcoRI-Pvull fragment by a hatched box. The positions of the sequences
corresponding to probes a, b, ¢ and f are indicated by arrowheads. (B) The deduced amino acid sequence is given above
the nucleotide sequence, and amino acid residues are tentatively numbered beginning with the first glutamic acid residue.
The tentative number of the amino acid residue at the right-hand end of each line is shown. Underlined portions
correspond to the sequences complementary to probes a, b and f. The amino-terminus and putative carboxy-terminus
of the biotinyl peptide of 31 kDa (see text) are indicated by arrows. The biotin acceptor site is indicated by an asterisk.
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carboxylase was deduced from the cDNA sequence
by using the reading frame corresponding to the 4
partial amino acid sequences utilized for synthesiz-
ing probes a, b, ¢ and f (fig.3). Although probe a
apparently did not hybridize with clone pACC33 in
the primary screening, the corresponding
nucleotide sequence is contained in this clone. This
may be due to inadequate hybridization conditions
for the screening with probe a.

The deduced amino acid sequence presented in
fig.3 contains the amino-terminal sequence of the
peptide of 31 kDa as well as those of the peptides
of 25 and 54 kDa. As staphylococcal serine pro-
teinase preferentially cleaves the carboxyl side of
glutamic acid residues [19], the carboxy-terminus
of the biotinyl peptide of 31 kDa was tentatively
assigned to glutamic acid at position 303 (fig.3; the
numbering hereafter refers to the amino acid se-
quences as shown in this figure), because the
calculated molecular mass of 29951 Da agrees with
the 31 kDa estimated by SDS-polyacrylamide gel
electrophoresis and because the amino acid com-
position of the peptide of 31 kDa deduced from
the DNA sequence was consistent with the result of
amino acid analysis of the peptide (not shown). On
the other hand, the biotinyl prosthetic group of

Acetyl-CoA carboxylase {chicken)
Acetyl-CoA carboxylase (£. col:)
Transcarboxylase
Pyruvate carboxylase  (human)

Pyruvate carboxylase (sheep)

Pyruvate carboxylase (chicken)
Pyruvate carboxylase  (turkey)

280 * 300
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animal acetyl-CoA carboxylase as well as that of
other carboxylases is linked to a lysine residue of
the enzyme protein [1]. The known primary struc-
tures of bacterial and mitochondrial carboxylases
[20-23] show high sequence homology in the
vicinity of the specific lysine residue [24]. In par-
ticular, the Ala-Met-(biotinyl)Lys-Met sequence
has been found in all the carboxylases. When the
deduced sequence of the peptide of 31 kDa is com-
pared with those of the other carboxylases (fig.4),
appreciable sequence homology is found in the
neighboring region of the lysine residue at position
294, Therefore, this lysine residue of the chicken
liver enzyme was assigned as the biotin acceptor
site. Although the typical sequence of Met-Lys-
Met is also conserved in the chicken liver enzyme,
a substitution of the valine at position 292 for
alanine is found. It is noteworthy that the
homology in the vicinity of the biotinyl lysine is
high with respect to hydrophobic amino acids or to
neutral amino acids. These amino acids are
possibly important for the recognition of the
biotin-binding site by biotin carboxylase [1] or by
holoenzyme synthetase which biotinates the
apocarboxylases [24].

260
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Fig.4. Comparison of the amino acid sequences around the biotin-binding site for carboxylases. The sequence of chicken
acetyl-CoA carboxylase (top) was compared with those of biotin carboxyl carrier protein of E. coli acetyl-CoA
carboxylase (second row) [20] and Propionibacterium shermanii transcarboxylase (third row) [21], and pyruvate
carboxylase from human (fourth row) [22], sheep (fifth row), chicken (sixth row) and turkey (bottom) [23]. The one-
letter amino acid notation was used. The peptides are aligned at the biotinyl lysine residue indicated by an asterisk.
Residues identical with those of chicken acetyl-CoA carboxylase are enclosed with solid lines, and residues showing
conservative substitution are enclosed with dotted lines. Conservative amino acid substitutions are defined as pairs of
residues belonging to one of the following groups: S, T, P, Aand G; N, D, Eand Q; H, Rand K; M, I, L and V;
F, Y and W [25]. Hyphens (-) indicate the sequences not available. Position numbers tentatively assigned correspond
to those in fig.3.
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