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Mutations in the proteolytic domain of Escherichia coli protease Lon
impair the ATPase activity of the enzyme
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Abstract Conserved residues of the proteolytic domain of
Escherichia coli protease Lon, putative members of the classic
catalytic triad (H665, H667, D676, and D743) were identified by
comparison of amino acid sequences of Lon proteases. Mutant
enzymes containing substitutions D676N, D743N, H665Y, and
H667Y were obtained by site-directed mutagenesis. The mutant
D743N retained the adenosine triphosphate (ATP)-dependent
proteolytic activity, thereby indicating that D743 does not belong
to the catalytic site. Simultaneously, the mutants D676N,
H665Y, and H667Y lost the capacity for hydrolysis of protein
substrates. The ATPase activity of these three mutants was
decreased by more than an order of magnitude, which suggests a
close spatial location of the ATPase and proteolytic active sites
and their tight interaction in the process of protein degradation.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

Proteases Lon are the most studied among enzymes per-
forming adenosine triphosphate (ATP)-dependent degradation
of proteins in prokaryotes and eukaryotes [1-5]. In Escheri-
chia coli cells, protease Lon hydrolyses with a high selectivity
abnormal and foreign overexpressed proteins, as well as some
short-lived regulatory proteins [3-5].

E. coli protease Lon is an oligomeric enzyme composed of
four identical subunits [1]. It was suggested that each subunit
consists of three functional domains [6,7]: N-terminal, whose
function is still unknown; central ATPase domain; and C-
terminal proteolytic domain, which includes the early identi-
fied catalytically active serine residue S679 [8].

Proteolysis catalyzed by protease Lon is strictly coupled to
ATP hydrolysis. Since hydrolysis of a peptide bond does not
require energy, the role of ATP hydrolysis in proteolysis re-
mains obscure. ATP was proposed to be involved in promot-
ing conformational changes in the enzyme or substrate un-
folding and translocation in the substrate-binding region of
protease Lon [5,9]. The enzyme exhibits the ATPase activity in
the absence of protein substrates; however, addition of such
substrates stimulates ATP hydrolysis.

At present, the mechanism of the ATP hydrolysis coupling
to proteolysis and the reasons of the high selectivity of pro-
tease Lon are poorly understood. Elucidation of the structure
of the proteolytic active site of the enzyme may promote the
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solution of these problems. This work was designed to reveal
by site-directed mutagenesis of putative functionally active
amino acid residues of the proteolytic domain of E. coli pro-
tease Lon involved in the formation of the catalytic site and/
or in the coupling of proteolytic and ATPase activities of the
enzyme.

2. Materials and methods

Transformation of competent cells, DNA digestion with restriction
endonucleases, DNA isolation from agarose gel and ligation were
performed by standard procedures [10]. Plasmids were isolated using
a Wizard® DNA isolation kit (Promega, USA) as recommended by
the manufacturer.

Amino acid sequences were compared using MEGALIGN program
of the DNASTAR program package. Mutagenesis was performed by
SOE (splicing by overlapping extention) method of PCR mutagenesis
[11]. The structures of the PCR products were verified by sequencing
by dideoxynucleotide method using Sequenase® v. 2.0 (USB, USA).

Wild-type and mutant forms of Lon protease were expressed in E.
coli cells AB1899. The enzymes were isolated as described in [7].
Electrophoresis was performed by Laemmli’s method [12].

The proteolytic activity of the isolated enzymes was assayed by
measuring the degradation of ['“Clacetyl-o-casein in the absence
and presence of 3 mM ATP [7,13]. The ATPase activity was deter-
mined from the amount of released inorganic phosphate as described
in [14] with modifications [15].

3. Results and discussion

3.1. Identification of residues, potential members of the
catalytic site of E. coli protease Lon

The search for putative catalytically active residues of E.
coli protease Lon was based on the suggestion that the cata-
lytic site of the enzyme is similar to those of classic serine
proteases [16,17] and includes histidine and aspartic acid res-
idues in addition to the earlier revealed serine residue S679 [8].

It is known that functionally active residues are usually
located in highly conserved regions of proteins. We compared
amino acid sequences of proteolytic domains of Lon proteases
from different organisms (Fig. 1). Despite the fact that the
enzymes compared were from evolutionary distant organisms,
the homology between their proteolytic domains was found to
be considerably high (over 50%). It appeared that these en-
zymes contain no conserved sequences that are characteristic
of other families of serine proteases (chymotrypsin, subtilisin)
and include residues of the classic catalytic triad [16,17]. The
earlier identified active serine residue S679 of E. coli protease
Lon was found to be located in the strictly conserved frag-
ment PKDGPS*AG that has not been found in any known
serine proteases. Proteolytic domains of protease Lon contain
only two conserved histidine and two conserved aspartic acid
residues. In E. coli protease Lon, they are H665, H667, D676,
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Fig. 1. Comparison of amino acid sequences of proteolytic domains of proteases Lon. Eco, E. coli [16]; Bsu, Bacillus subtilis [19]; MxaV, Myx-
ococcus xanthus V [20]; MxaD, M. xanthus D [21,22]; Sce, Saccharomyces cerevisiae [23]; Hsa, human brain [24,25]. Identical amino acid resi-
dues are dashed. Putative members of the catalytic triad (?) and active serine (@) are indicated.

and D743 (Fig. 1). The first three residues are located in close
vicinity to S679 in the highly conserved fragment 1664-G681.
Such a close location of catalytically active residues has not
been noted earlier in classic serine proteases. To elucidate the
possible role of the identified residues in enzyme functioning,
we subjected them to site-directed mutagenesis.

3.2. Site-directed mutagenesis and characterization of mutants

Mutants H665Y, H667Y, D676N, and D743N were ob-
tained by SOE PCR-mutagenesis [11] using the pBRlon plas-
mid bearing the full-size wild-type lon gene under the control
of its native regulatory region [6].

The mutants were characterized by the ability of the mutant
plasmids to affect the phenotype of E. coli cells AB1899.
When grown on a mineral medium, these cells display a char-
acteristic phenotype (slimming of bacterial colonies because of
overproduction of capsular polysaccharides and formation of
typical elongated structures) [2,5]. Transformation of E. coli
cells AB1899 with the pBRlon plasmid leads to the complete
disappearance of the mutant phenotype. We found that trans-

formation of E. coli cells AB1899 with the pBRlonD743N
plasmid also completely eliminated the mutant phenotype,
whereas the plasmids pBRlonH665Y, pBRIonH667Y, and
pBRIlonD676N failed to restore the normal phenotype. There-
fore, in the case of pBRlonD743N, the active enzyme was
synthesized in the cells; in other cases, it could be expected
that the proteins of mutants H665Y, H667Y, and D676N
were inactive.

3.3. The catalytic activity of mutant enzymes

The mutant proteins were expressed in E. coli AB1899 cells
and isolated as described earlier [7]. It appeared that the mu-
tant D743N retained the ATP-dependent proteolytic activity,
therefore D743 is not a catalytically active residue. Three oth-
er mutants completely lost the capacity for casein hydrolysis
(Table 1), which shows that residues D676, H665, and H667
are essential for the proteolytic activity of the enzyme.

Interesting results were obtained when we assayed the ATP-
ase activity of the proteolytically inactive mutants. Mutation
of the catalytically active serine did not affect the ATPase
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Table 1
The catalytic activity of E. coli protease Lon and its mutant forms
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Mutant Proteolytic activity, % ATPase activity
In the absence of casein In the presence of 0.3 mg/ml casein
Keat, min Ky, mM Keat/ Knvi, mM/min Keat, min Ky, mM Keat/ Kni, mM/min
Lon (wild-type) 100 19 0.16 119 48 0.18 267
S679A 0 19 0.17 112 39 0.20 195
H665Y 0 2.8 0.54 5.18 5.2 0.51 10.2
H667Y 0 1.9 0.50 3.80 42 0.48 8.75
D676N 0 4.0 0.56 7.14 44 0.58 7.59

The reaction mixture contained 0.3-3 mM ATP, 10 mM MgCl,, 150 mM NaCl, 50 mM Tris-HCI (pH 7.8), 20 pg of the enzyme.

activity of protease Lon (Table 1). This result is consistent
with the data obtained earlier [18]. Surprisingly, the ATPase
activity (kc.t/Ky) of the mutant proteins D676N, H665Y, and
H667Y was by more than an order of magnitude lower than
that of the wild-type enzyme and the S679A mutant (Table 1).
It should be noted that such a low ATPase activity could
hardly be the reason for elimination of the proteolytic activity,
since it was found that certain Lon mutants with substitutions
in the ATPase domain, whose ATPase activity was decreased
to the same extent, retain the capacity for efficient hydrolysis
of casein [15]. The effect of mutations in the proteolytic do-
main on the ATPase activity may be explained by the close
spatial location of the two catalytic sites of the enzyme, and
deteriorations in the structure of the proteolytic site may af-
fect the functioning of the ATPase catalytic site. Additionally,
we found that the mutants S579A, H665Y, and H667Y re-
tained the capacity for ATPase activity stimulation with ca-
sein, which is characteristic of the native protease Lon, where-
as D676N lost it (Table 1). This indicates that the residues
under study are involved in the interactions between the do-
mains to a different extent.

Despite the apparent importance of the identified residues
for the activity of protease Lon, the question whether or not
H665, H667, and D743 belong to the catalytic triad still re-
mains open. Recently, it was found that some serine proteases
contain the catalytic serine-lysine dyad [19] instead of the
classic triad. It may be suggested that the proteolytic site of
protease Lon is another example of such a dyad; however,
this suggestion needs further investigation.
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