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The extracellular elastase (33 kDa) of Pscuddontonas aeruginosa is synthesized as a 53.6 kDa preproenzyme containing a long, N-terminal propeptide.

The free propeptide and the elastase precursor generated upon propeptide removal were isolated from #. aerugivasa cells and subjected to

N-terminal amino acid sequence analysis. The resulls identified Ala™'™ and Ala*' as the amino terminal residues of the propeptide and the elastase

precursor, respectively, indicating that: (1) the signal peptide consisis of 23 amino acid residues and its molecular weight is 2.4 kDa, (2) the propeptide

contains 174 amino acid residues and is of 18.1 kDa molecular weight, and (3) no additionial N-terminal proteolytic cleavage is required for elastase
maturation,

Proteolytic processing; Preproelastase processing; Elastase; Psewdomonas aeruginosa

1. INTRODUCTION

The extracellular elastase of Pseudomonas aeruginosa
is a 33 kDa neutral metalloprotease, thought to play a
role in pathogenesis of Pseudomonas infections [1]. We
have recently reported that elastase is made by the cells
as a preproenzyme of about 60 kDa molecular weight
containing a signal sequence and a propeptide with ap-
proximate molecular weights of 4 and 20 kDa, respec-
tively [2], We found that preproelastase as well as the
proelastase generated from it upon removal of the
signal peptide (proelastase 1) are both short-lived. In
addition, we demonstrated that, in the periplasm, the
propeptide is cleaved en bloc to form a non-ccvalent
complex with the elastase portion of the molecule,
which we termed proelastase 11, Since the latter protein
appeared to be about 500 Da larger than :mature
elastase, we proposed that an additional proteolytic
cleavage was required for elastase maturation [2,3].
Cloning [4,5] and sequencing [6,7] of the elastase struc-
tural gene, /asB, also indicated that the initial gene
product is a preproenzyme and placed the propeptide
between the signal sequence and the N-terminal end of
mature elastase. These studies established that mature
elastase contains 301 amino acids and that pre-
proelastase is a 53.6 kDa protein, consisting of 498
amino acid residues. In addition, four poteniial leader
peptidase cleavage sites were 12vealed [6-8]. Accurate
sizes of the signal peptide and the propeptide were,
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however, not determined. In this study, by N-terminal
sequencingz of elastase precursors, we defined the
cleavage sites involved in proteolytic processing of pre-
proelastase and established correct sizes for the signal
peptide and the propeptide.

2. MATERIALS AND METHODS

2.1, Bacierial strain, culture conditions, and cell extract preparatfon

Psendomonas aeruginosa Habs serotype I was grown with shaking
at 37°C in tryptic soy broth without dextrose (Difco laboratories).
Celis from a 1.6 liter culture were harvested at the end of the loga-
rithmic growth phase (A.s~].8), washed with saline, suspended in 15
ml 0.02 M Tris-HCI, 0.5 mM CaCl,, pH 7.5, and broken by sonication
(10 x 15 s pulses using a W-225 Heat Systems Ultrasonics, Inc. so-
nifier). Cell debris and membranes were removed by ultracentrifuga-
tion (100,000 x g, 1 h, 4°C) and the clear supernatant (cell extract)
dialyzed against phosphate buffered saline containing 0.85 M NaCl,
20 mM EDTA, 0.4 mM phenylmethylsulfonyl fluoride and 0.1% Brij
35.

2.2. Purification of periplasmic elastase (proelastase H) and propeptide

The propeptide-proelastase i1 complex was purified from the cell
extract by immunoaffinity chromatography on a column of Sepharose
coupled Lo antielastuse antibodies as deseribed [3]. Fractions contain-
ing the purified proteins were pooled and, to avoid non-specific
proteolytic cleavages, concentrated immediately by trichloroacetic
acid (10%) precipilation. The precipilate was washed with acetone, air
dried, dissolved and heat denatured in SDS sample buffer [10] and
subjacied to 3DS-polyacrylamide gel electrophoresis in a 12% gel
[9,10). The individual proteins were recovered from the gel by elec-
troelution [10,11), followed by exhaustive dialvsis against water and
lyophilization,

2.3, Amino acid sequence analysis
The N-terminal amino acid sequence of proteins was determined
with an ABJ inodel 475A gas-phase protein sequencer (Applied Bio-
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systems, Foster City, CA). The amounts of propeptide and proelastase
II analyzed were 0.5 and 1.7 nmol, respectively.

3. RESULTS AND DISCUSSION

The sequence of the first five amino acid residues of
the elastase propeptide isolated from P. aeruginosa cells
is presented in Fig. 1A. As seen, this sequence is found
between positions —174 and ~170 of the preproelastase
amino acid sequence deduced from the nucleotide se-
quence of lasB [6,7]. It overlaps the second of the four
possible signal peptidase cleavage sites noted previously
(6,8], identifying the peptide bond between Ala~'”® and
Ala™'™ as the physiological signal peptidase cleavage
site. As the entire ‘prepro’ domain contains 197 amino
acid residues [7], it is apparent that the signal peptide
consists of 23 amino acids. Based on the respective
amino acid composition, the molecular weight of the
signal peptide is 2,408 Dal, i.e. well within the range
found for most bacterial signal peptides [12). Similarly,
the sequence Ala-Phe-Ala-Ala (=177 to -174), con-
stituting the junction between the ‘pre’ and the ‘pro’
domains, and the preceding proline residue in position
—179 represent a typical signal peptidase recognition
site [12]. This site was favored by Fukushima et al. [7]
as the signal peptidase cleavage site used in vivo.

The N-terminal amino acid sequence of mature
elastase was determined by Bever and Iglewski [6] and
by Fukushima et al. [7]. The junction between the ‘pro’
and mature sequences, shown in Fig. 1B, was thereby
identified and the peptide bond His-Ala in positions
197-198 of preproelastase proposed as that cleaved
upon proteolytic processing of the propeptide. These
residues were renumbered as —1 and +1, the latter re-
presenting the first amino acid of mature elastase [6,7).
Although we too found svidence for an en bloc removal
of the propeptide, our observations suggested that the
elastase moiety generated at this step is larger than the
mature enzyme. We hypothesized that the periplasmic
form of elastase, proelastase 1I, contains a short, pre-
sumably N-terminal, extra sequence that is cleaved
before secretion [2,3]. To examine whether this is indeed
the case, we determined the N-terminal amino acid se-
quence of the first 15 amino acids of periplasmic
elastase (proelastase II) from P. aeruginosa by Edman
degradation, and located it within the preproelastase
sequence. Fig. 1B shows that the N-terminal amino acid
sequence found for the periplasmic form of elastase is
identical with that of the mature enzyme. This result is
against the possibility that periplasmic elastase contains
an extra sequence at its N-terminus. It is consistent
though with an earlier report showing that the N-ter-
minal residue of cell-associated elastase in P. geruginosa
is alanine [13], and with ihe recent demcnstration that
the N-terminal amino acid sequence of processed
elastase, isolated from E. coli cells expressing the lusB
gene, is identical with that of mature elastase [14].
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A J

-174 -164
n Pro-Ala-Ala-Phe-Ala<Ala-Asp-Leu-lle-Asp-Val-Ser-Lys-Leu-Pro-Ser-
p Ala-Asp-Leu-lle-Asp
-148

n Lys-Ala-Ala-GIn-Gly-Ala-Pro-Gly-Pro-Val-Thr-Leu-Gln-Ala-Ala-Val

B. *

+1 11
n  Glu-Gly-Leu-Ala-His-Ala-Glu-Ala-Gly-Gly-Pro-Gly-Gly-Asn-Gln-Lys-
P Ala-Glu-ala-Gly-Gly-Pro-Gly-Gly-Asn-Gln-Lys-

20
n lle-Gly-Lys-Tyr-Thr-Tyr-Gly-Ser-Asp
p Ile-Gly-Lys-Tyr

Fig. 1. N-Terminal amino acid sequences of Pseudonicnas aeruginosa
elastase propeptide (A) and of the periplasmic elastase precursor,
proelastase I (B). n and p, amino acid sequences deduced from the
nucleotide sequence of /asB (6,7] and those obtained by Edman degra-
dation of the proteins, respectively. Numbers are in reference to the
first amino acid residue of mature elastase (Ala*") and the bold letters
within sequence n in (A) designale potential signal peptlidase cleavage
sites [6,8). Arrows, peptide bonds cleaved upon removal of the signal
peptide (A) and the propeptide (B).

Furthermore, this result confirms the conclusion of
Bever and Iglewski [6] and Fukushima et al. [7], based
on amino acid sequencing of mature elastase, that the
His-Ala bond shown in Fig. 1B is cleaved upon
proteolytic processing of the propeptide. The identifica-
tion of the two physiological proteolytic processing sites
within the amino terminal domain of preproelastase
allowed calculation of the correct size of the propeptide,
indicating that it is 174 amino acids long and having a
molecular weight of 18,159 Da.

In view of the prescnt demonstration the proelastase
IT is not extended at its amino-terminal end, the ques-
tion of whether or not it undergoes an additional
proteolytic cleavage prior to secretion remains open.
The possibility that proelastase II is extended at its C
terminus is not very likely because all but the last two
carboxy-terminal residues (Ala*® and Leu®') predicted
from the nucleotide sequence of /usB, were shown to be
present in a tryptic C-terminal peptide derived from
mature elastase [7). The expected loss in nolecular mass
due to removal of the C-terminal dipeptide Ala-Leu,
even if it does occur, is not sufficient to account for the
different electrophoretic mobilities we «bserved for
proelastase II anc elastase. The apparent size difference
between the two proteins could reflect a major con-
formational change which might take place upon
elastase muturation. The suspected size difference could
also arise from chemical modifications of proelastase 11
Gue to a relatively long exposure to urea during its
purification [31. It any of the latter two possibilities



Volume 299, number 3

proves correct it would imply that the primary struc-
tures of both the processed periplasmic elastase and the
mature enzyme are identical. Experiments to resolve
these questions are under way.

Acknowledgements: We would like to thank Rina Ben-Yaacov for the
preparation of the figure, This work was supported by a grant from
the Basic Research: Foundation administered by the Israel Academy
of Sciences and Humaniteis (E.K.).

REFERENCES

[1] Morihara, K. and Homma, J.Y. (1985) in: Bacterial Enzymes and
Virulence (I.A. Holder, Ed), CRC Press, Boca Raton, Florida,
pp. 41-79.

[2] Kessler, E. and Safrin, M. (1988) J. Bacteriol. 170, 5241-5247.

i3] Kessler, E. and Safrin, M. (1988) J. Bacteriol. 170, 1215-1219.

{4) Schad, P.A., Bever, R.A,, Nicas, T.I., Leduce, F., Hanne, L.F.
and Iglewski, B.H. (1987) J. Bacteriol. 169, 269]1-2696,

[5] Yamamoto, S., Fukushima, J,, Atsumi, Y., Takeuchi, H,, Ka-

FEBS LETTERS

March 1992

wamoto, 8., Okuda, K. and Morihara, K. (1988) Biochem.
Biophys, Res. Commun. 152, 11171122,

[6] Bever, R.A, and Iglewski, B.H. (1988) J. Bacteriol. 170, 4309
4314,

[71 Fukushima, J., Yamamoto, S., Morihara, K., Atsumi, Y.,
Takeuchi, H., Kawamoto, S. and Okuda, K. (1989) J. Bacteriol.
171, 1698-1704,

{8] Iglewski, B.H., Rust, L. and Bever, R.A. (1990) in: Pseudomonas
Biotransformations, Pathogenesis, and Evolving Biotechnology
(S. Silver, A.M. Chakrabarty, B.H. Iglewski and S. Kaplan, Eds.)
American Society of Microbiology, Washington, DC, pp. 36-43,

[9] Laemmli, U.K. (1970) Nature 227, 680-685.

[10] Hunkapiller, M.W., Lujan, E., Osirander, F. and Hood, L.E.
(1983) Methods Enzymol. 91, 227-236.

[11] Kessler, E., Adar, R., Goldberg, B. and Nicce, R. (1986) Collagen
Rel. Res. 6, 249-266.

[12] Watson, M.E.E. (1984) Nucleic Acids Res, 12, 5145-5164.

[13] Fecycz, L.T. and Campbell, J.N, (1985) Eur, J. Biochem. 146,
35-42,

[14] Mclver, K., Kessler, £. and Ohman, D.E. (1591) J. Bacteriol. 173,

7781-7789.

203



