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Acetylation is the most frequently occurring chemi- 
cal modification of the  a-NHn group of  eukaryotic pro- 
teins and is catalyzed by an  No-acetyltransferase. Re- 
cently, a eukaryotic Nu-acetyltransferase  was purified 
to homogeneity from Saccharomyces  cerevisiae, and 
its substrate specificity was partially characterized 
(Lee, F.-J. S . ,  Lin L.-W., and Smith, J. A. (1988) J. 
Biol. Chem. 263,14948-14955). This  article describes 
the cloning from a yeast Xgt 11 cDNA library and se- 
quencing of a full length cDNA encoding yeast N"- 
acetyltransferase. DNA blot hybridizations of genomic 
and chromosomal DNA reveal that the  gene  (so-called 
AAAl ,  amino-terminal, a-amino,  acetyltransferase) is 
present as a single copy located on  chromosome IV. 
The  use of this cDNA will  allow the molecular details 
of the role of Nu-acetylation  in  the  sorting and degra- 
dation of eukaryotic proteins to be determined. 

Amino-terminal acylation is an  important co- and post- 
translational modification of proteins  in prokaryotic and eu- 
karyotic cells, Although formyl, pyruvoyl, a-ketobutyryl, gly- 
cosyl, glucuronyl, a-aminoacyl, p-glutamyl, myristoyl, and 
acetyl are well known N"-acylating groups, it is clear that 
acetylation is the most common chemical modification of the 
a-NH2 group of eukaryotic proteins (reviewed in Refs. 1 and 
2). Acetylation is mediated by at least one Ne-acetyltransfer- 
ase, which catalyzes the  transfer of an acetyl group from 
acetyl coenzyme A  to the cu-NH2 group of proteins and pep- 
tides. Since the first  identification that  an acetyl moiety was 
the amino-terminal blocking group of tobacco mosaic virus 
coat  protein (3)  and a-melanocyte-stimulating peptide (4), a 
large number of proteins from various organisms have been 
shown to possess acetylated  amino-terminal residues. For 
example, mouse L-cells and Ehrlich  ascites cells have about 
80% of their intracellular soluble proteins N"-acetylated (5, 
6). Ne-Acetylation plays a role in normal eukaryotic transla- 
tion  and processing (7) and protects  against proteolytic deg- 
radation (8,9). Further,  the  rate of protein  turnover mediated 
by the ubiquitin-dependent degradation system depends on 
the presence of a free a-NH, group at  the amino  terminus of 
model proteins (IO, II), and  this dependence indicates that 
N"-acetylation plays a crucial role in impeding protein turn- 
over. 

* This work  was supported by a  grant from the Hoechst Aktien- 
gesellschaft (Frankfurt/Main,  West Germany). The costs of publi- 
cation of this article were defrayed in part by the payment of page 
charges. This article must therefore be  hereby marked "aduertise- 
ment" in accordance with 18 U.S.C. Section 1734 solely to indicate 
this fact. 

to the GenBankTM/EMBL Data Bank with  accession  numberfs) 
The nucleotide  sequence(s) reported in  this  paper hns been submitted 

M23166. 

Although the presence of N"-acetyltransferases had previ- 
ously been demonstrated in Escherichia coli (121, rat liver 
(13-15), rat brain  (16), rat  pituitary (17-20), bovine pituitary 
(19), bovine lens (21), hen oviduct (22), and wheat germ (231, 
enzyme from these sources was never purified more than 40- 
fold. Recently, an N"-acetyltransferase from Saccharomyces 
cereuisiae  was purified to  apparent homogeneity (4600-fold) 
and characterized as a dimeric protein, whose subunit M ,  was 
95,000 and which would effectively transfer  an acetyl group 
to various synthetic peptide substrates (including ACTH (1- 
24),' human superoxide dismutase (l-24),  and yeast alcohol 
dehydrogenase (1-24) (24). Further, it was demonstrated that 
this enzyme would not transfer  an acetyl group to the €-amino 
group of lysyl residues in various peptide substrates  and 
histones. This paper  reports the complete amino acid se- 
quence for the yeast Ne-acetyltransferase deduced from cDNA 
analysis, demonstrates that  the enzyme is encoded by a single 
gene (AAA1,amino-terminal, a-amino,  acetyltransferase),  and 
localizes this gene to chromosome IV. This yeast cDNA forms 
the basis for elucidating the biological function and regulation 
of Nu-acetylation in eukaryotic protein  synthesis and degra- 
dation. 

EXPERIMENTAL PROCEDURES' 

RESULTS 

Analyses of Tryptic Peptides of N'-Acetyltransferuse-The 
method adopted for the identification and cloning of cDNA 
sequences derived from N"-acetyltransferase mRNA utilized 
oligonucleotide probes that were constructed based on  amino 
acid sequences of purified N"-acetyltransferase tryptic pep- 
tides and on codon-usage frequency data (34). Tryptic pep- 
tides from yeast Nu-acetyltransferase were separated by re- 
versed-phase HPLC  and collected as 62 pools representing 
distinct peaks or shoulders (Fig. 1). After one or two additional 
isocratic HPLC separations to resolve further individual se- 
quenceable tryptic peptides (25), the sequences of 16 peptides, 
comprising approximately 30% of the  entire N"-acetyltrans- 
ferase molecule,  were determined. 

Synthesis of Oligonucleotide  Probes-Two synthetic, codon- 
usage based oligonucleotides of  57 bases (N1)  and 48 bases 
(N2) was prepared based on the sequences of a 19-residue 

The abbreviations used are: ACTH, adrenocorticotropic hormone; 
HPLC, high performance liquid chromatography; NaPP,, sodium 
pyrophosphate; PEG, polyethylene glycol; R, A or G; SDS, sodium 
dodecyl sulfate; TPCK, L-l-tosylamido-2-phenylmethyl chloromethyl 
ketone; X, G or A or C or T; Y, C or T;  Pth, phenylthlohydantoin; 
PAGE, polyacrylamide gel electrophoresis. 

Portions of this paper (including "Experimental Procedures" and 
Figs. 1 and 3-6) are  presented  in  miniprint at  the end of this paper. 
Miniprint is easily read with the aid of a standard magnifying glass. 
Full size photocopies are included in the microfilm edition of the 
Journal  that is available from Waverly Press. 
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(peptide 27-3) and a 16-residue (peptide  11-3-2) peptide and 
the known codon-usage frequencies (34) (Fig. 2 A ) .  In addition, 
two degenerate oligonucleotide probes of  23 (5' CCXTTGA- 
CYTTYTTRCAAGAYAA 3')  and 20 (3' TCRTCRTGCA- 
TYTGRAARTA 5 ' )  bases with 64- and 32-fold redundancy, 
designated N3 and N4,  were synthesized based on sequence 
data for peptides 29-1 and 10-3-1, respectively. 

Cloning of the Yeast N"-Acetyltransferase cDNA-After 
initial screening of 500,000 recombinant cDNA clones in  the 
yeast Xgtll cDNA library, 11 clones were detected which 
hybridized to  both oligonucleotides N1  and N2. These clones, 

A 

designated AN1 to XN11, also hybridized with oligonucleotide 
N3  and N4, and  their cDNA inserts were analyzed by restric- 
tion enzyme digestions and DNA blot analyses. The use of 
four oligonucleotide probes derived from four discrete  amino 
acid sequences allowed the unequivocal identification of the 
cDNA clones encoding N"-acetyltransferase. EcoRI digestion 
revealed inserts  that lacked internal EcoRI sites and ranged 
from 2.0 to 2.7 kilobase pairs. The six longest cDNA inserts 
were subcloned as EcoRI fragments into  the Bluescript plas- 
mid, and additional  restriction enzyme mapping, DNA blot 
analyses, and nucleotide sequence analyses were carried out. 
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FIG. 2. Cloning and sequencing of the cDNA encoding yeast N"-acetyltransferase. A, oligonucleotide 
probes used for initially screening the Xgtll library. The amino acid sequences of two tryptic peptides were used 
to construct the codon-usage frequency based oligonucleotide probes. The nucleotide positions indicated by the 
asterisks differ from the actual DNA sequence shown in C. The numbering of the tryptic peptides is as follows: the 
first  number refers to the corresponding peak in Fig. 1, the second  number refers to  the peak in the first isocratic 
HPLC separation (data  not shown), and  the third  number refers to  the peak in the second isocratic HPLC 
separation (data not shown). B, restriction map and DNA sequencing strategy for the cDNA clones. The arrows 
indicate the direction and extent of sequence determination for each fragment after exonuclease I11 deletion. C, 
nucleotide and deduced amino acid sequence of Nu-acetyltransferase cDNA clones. The amino acid sequences of 
HPLC-purified tryptic peptides determined by automated  protein sequence analysis are also shown. The protein 
sequence analyses were completed with repetitive yields between 87 and 93% for 100-200 pmol of each peptide. 
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