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Genes encoding the ammonia-dependent asparagine synthetase (asnA) and asparaginyl-tRNA synthetase
(asnS) have been cloned from Lactobacillus bulgaricus ATCC 11842. The nucleotide sequence suggests that asnA
and asnS are organized as one operon and regulated by the tRNA-directed transcription antitermination
mechanism (T. M. Henkin, Mol. Microbiol. 13:381–387, 1994).

Two different and structurally unrelated enzymes which are
involved in the biosynthesis of asparagine from aspartic acid
exist. In Escherichia coli these enzymes are the ammonia-de-
pendent asparagine synthetase (AS-A) encoded by asnA (3)
and the glutamine-dependent asparagine synthetase (AS-B)
encoded by asnB (16). AS-A is found only in prokaryotes,
whereas AS-B is found in both prokaryotes and eukaryotes
(10). While the AS-A enzyme uses only ammonia as the amino
group donor, the AS-B enzyme can use either glutamine or
ammonia. Genes encoding these enzymes have been cloned
from a variety of different organisms including E. coli (14, 16),
mammals (1, 2), and plants (12). Comparison of amino acid
sequences of E. coli AS-A and AS-B revealed that the proteins
are genetically unrelated, although these enzymes have the
same properties since they use aspartate and ammonia as sub-
strates and hydrolyze ATP (15). AS-B is a member of the purF
family of glutamine-dependent amidotransferases (16). Am-
monia-dependent asparagine synthetase, on the other hand,
contains a short region with high homology to the ATP binding
motif of aspartyl-tRNA synthetase, a class II aminoacyl-tRNA
synthetase. Thus, it was proposed that the ammonia-depen-
dent asparagine synthetase evolved from aspartyl-tRNA syn-
thetase (10).
Recently, a novel mechanism of transcription regulation was

described for gram-positive eubacteria (reviewed in references
8 and 9). The transcription of at least 18 amino acid biosyn-
thesis enzymes and aminoacyl-tRNA synthetases in gram-pos-
itive eubacteria is regulated by a common transcription anti-
termination process. Each gene is induced by limitation for the
cognate amino acid. The mRNA leader regions of these genes
can be folded into putative terminator and antiterminator
structures and include a conserved T-box sequence. It was
shown for the Bacillus subtilis tyrosyl-tRNA synthetase gene
that tRNATyr stimulates transcription and that the tRNA an-
ticodon interacts with a cognate codon in the leader region of
the mRNA. As aminoacyl-tRNA synthetases are dependent
for their reaction on the supply of amino acids, the coregula-

tion of aminoacyl-tRNA synthetases and the enzyme(s) re-
sponsible for the biosynthesis of the cognate amino acid is
desirable. Recently, such a case was described for B. subtilis, in
which cysE, the gene encoding the first enzyme in cysteine
biosynthesis, and cysS, which encodes cysteinyl-tRNA syn-
thetase, are overlapping and regulated together by a T-box-
type mechanism (7). Here, we characterize the Lactobacillus
bulgaricus asnA and asnS genes and propose the utilization of
the tRNA-directed transcription antitermination mechanism.
This would represent the second case of a regulatory linkage of
aminoacyl-tRNA synthetase and cognate amino acid biosyn-
thesis.
L. bulgaricus ammonia-dependent asparagine synthetase. In

the course of our studies on lactose metabolism in lactobacilli
(13) a 3.6-kb DNA fragment of genomic DNA from L. bulgari-
cus ATCC 11842 was isolated. Sequence analysis (GenBank
accession no. X89438) revealed that the DNA fragment con-
tained two open reading frames (ORF1 and ORF2). They are
presumably arranged as an operon, as there are no sequences
upstream of ORF2 resembling a promoter. The deduced
amino acid sequence of ORF1 (336 amino acids) shows 50 or
54% identity with that of the E. coli or Haemophilus influenzae
asnA gene product, the ammonia-dependent asparagine syn-
thetase (Fig. 1). The ATG codon of the putative L. bulgaricus
asnA gene was assigned by finding a potential ribosome bind-
ing site (gcagAGGCAAGag) in the proper position relative to
ORF1, even though this sequence is not highly matched with
the consensus sequence (aaAGGAGG) of lactobacilli (4).
Presently, there are only three asparagine synthetase A genes
known. As Fig. 1 shows, there is extensive homology between
the proteins from gram-negative and gram-positive eubacteria.
ORF2 shows 41% identity with the E. coli asnS gene prod-

uct, asparaginyl-tRNA synthetase, and represents the L. bul-
garicus AsnRS gene (10a).
ORF1 complements asparagine auxotrophy in E. coli and

encodes active asparagine synthetase. To examine whether
ORF1 is the gene encoding ammonia-dependent asparagine
synthetase, a complementation of asparagine auxotrophy in E.
coli JF448 (6) was carried out. The structural gene of ORF1
was amplified by PCR and subcloned into pSK2 at the SmaI
site. Two different recombinant plasmids were obtained; in
pSKlacAS the asnA ORF is behind the b-galactosidase pro-
moter, whereas in pSKT7AS the ORF is cloned behind the T7
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FIG. 1. Sequence comparison of ORF1 (L. bulgaricus [L. bulg]) and ammonia-dependent asparagine synthetases from E. coli and H. influenzae (H. infl) The
consensus sequence indicates fully conserved positions in all three proteins.

FIG. 2. Nucleotide sequence of the leader region of the L. bulgaricus asnA
gene and proposed transcription antiterminator structure. The conserved se-
quences are indicated (numbered asterisks [A] and open arrows [B]). The nu-
cleotides in the AAC asparagine codon which may act as specifier sequence are
circled (B). Half-barbed arrows, T box. The putative ribosome binding site
(Shine-Dalgarno [SD] sequence) and initiator methionine (fMet) are indicated.
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promoter. These plasmids were introduced into strain JF448;
in the case of pSKT7AS the cells also carried plasmid pGP1-2
(17) expressing T7 RNA polymerase. Asparagine synthetase
assays were performed with the S-100 preparations of trans-
formed and untransformed cells; the data clearly show that the
heterologously expressed gene gives rise to active enzyme (Ta-
ble 1). Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis of the S-100 extract showed the overexpressed protein
band with a molecular mass of 39 kDa, which is in good agree-
ment with the calculated molecular mass of ORF1 (38.2 kDa).
Both plasmids allowed effective complementation of the aspar-
agine auxotrophy in strain JF448, as evidenced by growth on
minimal medium plates without asparagine (data not shown).
Thus, ORF1 encodes active asparagine synthetase and pre-
sumably is the asnA gene of L. bulgaricus.
Transcriptional regulation of the asnA gene. The putative

235 and210 consensus sequences for transcription promotion
were found approximately 340 nucleotides upstream of the
start codon of asnA (Fig. 2). The mRNA leader region contains
not only an asparagine codon (actually two adjacent ones) as
specifier sequence but also the particular conserved sequences
(e.g., the T box) which are known to be involved in the com-
mon transcription antitermination mechanism found for many
gram-positive aminoacyl-tRNA synthetase and amino acid bio-
synthesis genes (reviewed in reference 9). Therefore, it seems
likely that the transcription of L. bulgaricus asnA and also of
asnS is regulated by the common antitermination mechanism
which relies on the presence of uncharged tRNAAsn in the cell.
The increase of the uncharged tRNAAsn caused by insufficient
endogenous asparagine would trigger transcription antitermi-
nation, which would result in transcription read-through of the
asnA leader region. This case is reminiscent of the regulation
of cysE and cysS in B. subtilis, in which genes encoding an
enzyme in amino acid biosynthesis and an aminoacyl-tRNA
synthetase are regulated together by transcription antitermi-

nation (7). This is different from the situation in E. coli, in
which asnA transcription is regulated by a 17-kDa protein,
encoded by asnC, and endogenous asparagine (5, 11).
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TABLE 1. Asparagine synthetase activities of transformants

Straina Relative activity
(U)b

JF448/pSK2 ............................................................................... 0.0
JF448/pSKlacAS ....................................................................... 9,192
JF448/pSKT7AS/pGP1-2 ......................................................... 1,036
JF448/pET15b ........................................................................... 0.8
JF448/pET15b/pGP1-2............................................................. 0.5
JF448/pET15bAS/pGP1-2........................................................ 789
a Grown at 378C for 16 h in Luria-Bertani broth supplemented with ampicillin

(50 mg/ml) or ampicillin plus kanamycin (25 mg/ml). Strain JF448 is AsnA2

AsnB2 and can be complemented by asnA (6).
bMeasured in S-100 preparations (15). One unit was defined as the amount

catalyzing the formation of 1 nmol of b-aspartyl hydroxamate per min.
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