Volume 244, number 1, 31-33

FEB 06767

February 1989

Location of enzymatic and DNA-binding domains on E. coli
protease La

Michael E. Baker

Department of Medicine, M-023, University of California, San Diego, La Jolla, CA 92093, USA

Received 14 November 1988

Escherichia coli protease La is an ATP-dependent enzyme that has a DNA-binding site. The locations of the enzymatic
and DNA-binding sites are not known. We report that a 75-residue segment at the carboxy-terminus of the protease
La is similar to part of Bacillus licheniformis f-lactamase, a serine enzyme. The comparison score is 8.2 standard devia-
tions higher than that obtained with 10000 comparisons of randomized sequences of these segments. The probability
of obtaining such a score by chance is 1.2 x 1075, We also find that a 107-residue segment in the amino-terminus half
of protease La is similar to part of the sopB protein, a DNA-binding protein of the plasmid F of E. coli. The comparison
score for these segments is 8 standard deviations (P=6x 107%%). These strong amino acid sequence similarities suggest
the locations of the catalytic serine and the DNA-binding domains of protease La.

Protease La; ATP-dependent protease; DNA-binding protease

1. INTRODUCTION

In Escherichia coli, as in eukaryotic cells, me-
tabolic energy is required for both the rapid de-
gradation of highly abnormal polypeptides and the
increased breakdown of normal cell proteins dur-
ing starvation [1]. Protease La has been identified
as one of the enzymes that is important in the
hydrolysis of abnormal proteins in E. coli [2-4].
Protease La hydrolyzes denatured proteins and
ATP in a coupled manner [3-5]; its proteolytic and
ATPase activities are stimulated by DNA [6], and,
consistent with one of its presumed functions, pro-
tease La synthesis increases when cells accumulate
abnormal proteins {7,8]. The recent cloning and se-
quencing of the gene for protease La [2] provide an
opportunity to use site-specific mutagenesis techni-
ques to establish how its binding sites for abnormal
proteins, ATP, and DNA interact in proteolysis of
abnormal proteins. First, of course, one needs to
know the location of protease, DNA, and ATP
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binding sites. Our interest in steroid receptors,
which bind synthetic protease inhibitors and
substrates [9,10], as well as ATP and DNA, led us
to compare the sequence of protease La with
steroid receptors, enzymes, DNA-binding proteins,
and other proteins in the database seeking clues to
the evolution of proteases and steroid receptors. As
reported here, we found that protease La contains
a domain similar to Bacillus licheniformis (-
lactamase, a serine enzyme [11,12], and to the
DNA-binding sopB protein [13], a trans-acting
protein [14] in E. coli plasmid F, that is important
in plasmid stability (sop, stability of plasmid).
Based on these sequence similarities and the com-
mon actions of these proteins, we suggest the loca-
tion of catalytic serine and the DNA-binding do-
main on protease La.

2. RESULTS

The sequence of protease La was searched
against the National Biomedical Research Founda-
tion protein sequence database with the FASTA
program [15]. Figs 1 and 2 show the segments on B.
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Proteasela 483 R M E V I R L S G Y TEDEIKLNI1AK

P-Lactamase 164 R A L VT § L R A F AL EDKLPSEK
Protease La RHULLPKQIERN- .- - - ALKZIKTGE
B-Lactamase RELLIDWMEKRNTTOGDATLTIRAG
Protease La LTV - -DDS AT 1 G11RYYTRE
B-lactamase VPIPDGWEVADIKTG A AS Y GTRN
Protease La R ACV VWS VKS5PNCVAKTE RTILS §3557
B-Lactamase D1AI I WPPKGDTPV VLAV L S S 244

Fig.1. Comparison of E. coli protease La with B. licheniformis
B-lactamase. (:) Identities; (.) conservative replacements. Out of
75 possible matches there are 23 identities (31%) and 15
conservative replacements (20%). The ALIGN analysis of these
segments gives a score that is 8.2 standard deviations higher
than that obtained with 10000 comparisons of randomized
sequences of these segments. The probability of obtaining such
a score by chance is 1.2x 1076,

licheniformis B-lactamase and E. coli sopB protein
that are similar to parts of protease La. The
similarities were quantified using the ALIGN pro-
gram [16], with a penalty of 8 for each gap. The
comparison score of residues 483-557 of protease
La and residues 164-244 of B-lactamase is 8.2
standard deviations higher than that obtained with
10000 comparisons of randomized comparisons of
these proteins. The probability of obtaining such a
score by chance is 1.2x107'%. The comparison
score for residues 41-148 of protease La and
residues 86-192 of sopB protein is 8§ standard
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Fig.2. Comparison of protease La with sopB protein. (:)
Identities; (.) conservative replacements. Out of 107 possible
matches there are 21 identities (20%) and 14 conservative
replacements (13%). The ALIGN comparison score is 8
standard deviations higher than that obtained with 10000
comparisons of randomized sequences of these segments. The
probability of obtaining such a score by chance is 6 x 10716,
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deviations (P=6x 107'%. Although computer
analyses cannot distinguish between protease La
and either G-lactamase or sopB protein being
derived from a common ancestor or if they are ex-
amples of convergent evolution, scores of this
magnitude suggest some common functions for
these segments, especially if there is evidence for
common biological actions, which is clearly the
case for these proteins.

3. DISCUSSION

3.1. Location of the catalytic serine on La protease

The catalytic nucleophile in protease La has not
yet been identified. Because protease La is in-
hibited by diisopropyl fluorophosphate (DFP)
[17,18] as well as halomethyl ketones [18], it has
been suggested that protease La is a serine pro-
tease. Lack of similarity of protease La to either
mammalian or bacterial serine proteases has left
this conclusion unresolved. The similarity to 5-
lactamase that we report here provides additional
support for the notion that protease La is a serine
protease because G-lactamases use a serine residue
for their catalytic action and may share a common
ancestor with serine proteases [19}].

To locate the catalytic serine on protease La, we
used two properties of S-lactamase. (i) The cata-
Iytic Ser-52 (codon TCG) is 112 residues towards
the amino-terminus from the segment of G-
lactamase shown in fig.1. (ii) The catalytic serine is
part of a Ser-X-X-Lys motif that is conserved in all
B-lactamases [12,19], even though other parts of
their sequences are substantially different. Ser-367
(codon TCC) of protease La is about the right
distance (116 residues) on the amino-terminus side
of the segments shown in fig.1, and it is part of a
Ser-X-X-Lys-Ala segment that has three identities
with the catalytic site of B. licheniformis (-
lactamase [12,19], suggesting that Ser-367 is the
catalytic residue in protease La.

Chin et al. {2] proposed that residues 346-425 of
protease La contain the ATP-binding site on the
basis of the sequence and secondary structure of
the ATP-binding site on various kinases, including
adenylate kinase. An ALIGN analysis of residues
7-149 of rabbit adenylate kinase with residues
347-503 of protease La yielded a score of 6 stan-
dard deviations (P=10%), supporting their conclu-
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sion. Lys-361 of protease La aligns with adenylate
kinase’s Lys-21, a highly conserved residue that
binds ATP. This places the proposed ATP-binding
site in overlap with the proposed protease active
site, supporting the notion of a novel ATP-depend-
ent mechanism for protease La, involving Ser-367
and possibly Lys-361 and Lys-370.

3.2. DNA-binding site

The sopB protein is a trans-acting protein that
stabilizes partition of plasmid F in E. coli [12,13].
The similarity between the sequences of protease
La and sopB and the fact that the latter is a DNA-
binding protein suggest that the amino-terminus
part of protease La contains the DNA-binding site.
The function of the DNA-binding domain on pro-
tease La is not known. Its similarity to sopB leaves
open the possibility that protease La has a role in
gene transcription.

Protease La appears to have arisen by combina-
tion of genes coding for proteins with proteolytic,
phosphotransferase, and DNA-binding activity.
The overlap of the proposed ATP and proteolytic
sites raises the possibility that the phosphotrans-
ferase and protease and protease activities are
derived from a common ancestor. Recently, Bren-
ner [19] suggested that a variety of enzymes, in-
cluding @-lactamases, serine proteases, phos-
phatases, and lipases from diverse prokaryoties
and eukaryotes, descended f-om a common cys-
teine protease ancestor. Aft:r the sequences of
other homologs of protease 1.a are determined, it
may be possible to uncover otl er evolutionary rela-
tionships between this protein family and other en-
Zymes.
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