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A methionine auxotroph of Pseudomonas aerugnosa grew on methionine-
containing peptides as a source of the required amino acid. Amino-terminus-
blocked peptides would not serve as growth substrates, despite the fact that
peptidases active on these blocked peptides were readily detectable in cell

extracts. No evidence was found for extracellular enzymes capable of degrading
the oligopeptides investigated. The degradative enzymes were not found in the
periplasmic space of the cellular envelope. A high proportion of cellular peptidase
activity was associated with the particulate (membrane) fraction of the cell
lysate.

The introduction of impermeant molecules
into bacterial cells by covalent attachment to
transportable peptides has been achieved (1, 11).
This development has great potential for the
study of amino acid analog metabolism and the
design of animicrobial agents (19), since nor-
mally nonpenetrating moieties can be placed
within the cell. To utilize this technique with
specific microorgani, it is necessary to iden-
tify the abilities and limitations of these specific
microbial celLs to both ransport and utilize oli-
gopeptides. Studies on a variety of organisms,
including bacteria (2, 28, 33), fungi (19, 26, 36),
and mammals (22), have indicated that some
similarities exist between organisms in the gen-
eral characteristics of peptide trnsport. How-
ever, other evidence indicates that some param-
eters of peptide transport vary from species to
species (19).
We have been intersted in studying Pseu-

domonas aeruginosa, an ubiquitous microorga-
nism that is an opportunistic pathogen. Infection
by P. aeruginosa reduces the probability of a
positive prognosis for patients traumatized by
burns or undergoing immunosuppressive ther-
apy as well as for those individuals suffering
from the genetic disorder cystic fibrosis. Re-
cently, peptide utilization in Pseudomonas pu-
tida and Pseudomonas maltophilia was exam-
ined (7, 8); similar data for P. aeruginosa have
not been reported. Our investigation demon-
strates several differences in peptide utilization
by P. aeruginosa as- compared with other gram-
negative bacteria such as P.putida, Escherichia
coli, and Salmonella typhunurium.

MATERIALS AND METHODS
Bacteral stins and cultivation conditions.

RM46, a methionine auxotroph of P. aeruginosa

strain PAO, was used throughout this study. The
lesion in methionine biosynthesis in this strain is in
the metIV tranduction group, as described by Cal-
houn and Feary (6).

Stock cultures were maintained on Luria complete
broth composed of 10 g of tryptone, 5 g of yeast
extract, 10 g of NaCl and 0.1 g of NaOH in 1 liter of
distilled water. Expermenta cultures were grown
overnight at 37°C with aeration in pseudomonas min-
imal medium (PMM), which contained potassium
phosphate buffer (60 mM, pH 7.2), sodium citrate (1.7
mM), MgSO4- 7H20 (0.4 mM), (NH4)2SO4 (7.5 mM),
and 0.4% glucose or in a minimal medium containing
tris(hydroxymethyl)a inomethane (Tris)-hydrochlo-
ride (0.12 M, pH 7.2), KCI (2 mM), MgSO4 * 7H20 (1.6
mM), FeCI3 (9 PM), (NH4)2SO4 (8 mM), and 0.4%
glucose (PTM medium). Filter-sterilized methionine
or methionine-containing peptides were added as in-
dicated in the text. Cultures were inoculated from
starter cultures grown ovemight at 37°C in PMM
containing D,L-methionine (50 pg/ml).

Chemicals and enzymes. L-Methionine (-Met),
D-Met, and Met-Met were purchased from Sigma
Chemical Co., St. Louis, Mo. (Met)3, Met-Gly-Gly,
Gly-Met-Gly, and Met-Gly-Met-Met were purchased
from Schwarz/Mann, Orangeburg, N.Y. AU amino acid
residues of all peptides were in the L-configuration.
AU other peptides, including radioactive trimethionine
(4), were the kind gift of F. Naider, Department of
Chemistry, College of Staten Island of the City Uni-
versity of New York. All peptides were judged homo-
geneous after analysis by high-voltage electrophoresis
and thin-layer chromatography. Lysozyme, deoxyri-
bonuclease A, and alkaline phosphatase were from
Worthington Biochemicals Corp., Freehold, N.J.
Phosphatase substrate was purchased from Sigma.

Cel lysis procedures. Two methods were used
to lyse cells. Method I was used for cells grown in
PMM medium and was a modification of the method
of Miller and Clark (24). Cells from late log phase
were harvested, washed in a 0.85% solution of NaCl,
and resuspended in 10% sucrose in 50mM Tris-hydro-
chloride buffer (pH 7.5, 0.5 g [wet weight] of cells/ml).
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The cell suspension was frozen quickly in an
ethanol-dry-ice bath and allowed to thaw at room
temperature. For each milliliter of cell suspension, 0.1
ml of 1 M NaCl was added to the suspension. The
suspension was incubated at 0°C until lysis had oc-
curred (30 to 45 min). Magnesium sulfate was added
to the cell lysate to a final concentration of 10 mM.
Ten microliters of a deoxyribonuclease I solution (10
mg/ml in 50 mM Tri-hydrochloride, pH 8.0) was
added per milliliter of cell lysate to digest DNA and
reduce the viscosity of the solution. The cell lysate
was centrifuged at 20,000 x g for 60 min at 40C. The
supernatant (soluble) fraction was separated from the
particulate (membrane) fraction by decantation and
each fraction was dialyzed separately against 50 mM
Tris-hydrochloride (pH 8.0) overnight at 40C. Frac-
tions were stored frozen until needed.
The second method (method I) of cell lysis was

used for cells grown in PTM medium. In this lysis
procedure, cells were harvested and washed in a 0.85%
solution of NaCl and resuspended in 10% sucrose in
50 mM Tris-hydrochloride buffer (pH 7.5, 0.5 g [wet
weight] of cells/ml). For each milliliter of cell suspen-
sion, 0.1 ml of lysozme (2 mg/ml in Tris-hydrochlo-
ride, pH 8.0), 0.1 ml of 1 M NaCl, and 10 pl of
deoxyribonuclease I (10 mg/ml in 50 mM Tris-hydro-
chloride, pH 8.0) were added to the suspension. The
cell suspension was sonically treated using four 10-s
pulses of a Branson Sonifier (model W185) set at 3.5.
The cell lysate was centrfued for 60 min at 20,000 x
g and 40C. The soluble and membrane fractions were
separated and dialyzed as above. In both methods,
cell viability was reduced greater than 99%. No de-
tectable activity (<0.1 unit) of the cytoplasmic deox-
yribonucleases PaeExoI and PaeExoV (24) was pres-
ent in the membrane fractions.
Peptidase assay and electrophoresis. A portion

of the cellular fraction to be assayed (usually 100 id)
was incubated at 370C with an equal volume ofpeptide
solution (1 mg/ml in distilled water). At various time
intervals, 50Il portions of the reaction mixture were
removed and applied to Whatman 3MM paper for
electrophoresis. Electrophoresis was carried out in a
model LT-36 electrophoresis tank, E.C. 123 coolant,
and an HV-5000 power supply (Savant Instruments).
Pyridine acetate buffer (pH 3.5) prepared from glacial
acetic acid-pyridine-water (10:1:89, vol/vol/vol) was
used. The electrophoretogram was run at 50 V/cm
for 1 to 2 h. After electrophoresis, the paper was dried,
dipped in a solution of ninhydrin (0.5%, wt/vol) in
95% aqueous acetone, and developed by heating in a
well-ventilated oven.
Coupled-enzyme amay for peptidase activity.

A rapid quantitative analysis of enzyme activity was
carried out according to a modification of the proce-
dure of Fujita et al. (12). Breakdown of (Met)3 was
followed by determmiing the amount of free methio-
nine produced. The free amino acids were oxidized to
keto acids by the action of L-amino acid oxidase with
the liberation of hydrogen peroxide. The H202, in
turn was degraded by horseradish peroxidase. In this
reaction molecular oxygen was produced, resulting in
oxidation of o-dianisidine to a colored form, which was
measured spectrophotometrically.
To carry out this procedure, a reaction mixture

containing 0.8 ml of trmethionine solution (0.4 mg/
ml in 50 mM Tris, pH 8.0), 0.1 ml of an appropriate
dilution of the peptidase source, and 0.1 ml of 50 mM
Tris (pH 8.0) was prepared. At 0, 10, and 20 min, 0.1
ml of the reaction mixture was removed and brought
to 1000C for 3 min to stop the enzymatic reaction.
Each boiled fraction was cooled and added to 2.0 ml
of the coupled enzyme reagent (L-amino acid oxidase
[120 jg, from Crotalus adamanteus venom; Sigma],
horseradishperoxidase[20,ug;Sigma],ando-danisidine
[0.16 mM; Sigma] in Tris-hydrochloride buffer [50
mM, pH 8.0]) and incubated at room temperature for
1 h. The amount of free methionine in the sample
was determined by measuring the change in absorb-
ancy at 440 nm, using a Beckman Acta CIII spectro-
photometer. L-Methionine (Eastman Chemical Corp.)
was used as a standard.

Release of periplasmic localid proteins.
Treatment of cell suspensions to release proteins pres-
ent in the periplasmic component was carried out by
a modification of the method of Cheng et al. (9). After
growth of cultures in PTM to late log phase, cells
were harvested and washed in a 0.85% solution of
NaCl. The cells were then "shocked" by incubation
for 40 min at 210C in 0.2 M MgCl2 7H20 in 0.1 M
Tris-hydrochloride (pH 8.4; magnesium-Trs buffer).
The cell suspension was then centrifuged for 5 min at
11,000 x g and 40C. The supernatant fluid (shockate)
was decanted and dialyzed against Tris-hydrochloride
(50 mM, pH 8.0) overnight at 40C. The shocked cells
were resuspended in 10% sucrose in 50 mM Tris-hy-
drochloride (pH 7.5) and lysed by method II as de-
scribed above. The fractions (membrane and soluble)
produced were dialyzed overnight as described above.
Other methods. Alkaline phosphatase was assayed

by the method of Torrmani (34). The reaction was
followed at 37 C at 410 nm in a Beckman Acta C III
recording spectrophotometer. One unit of enzyme is
the amount needed to produce a change of optical
density of 1.0 per minute at 410 nm. Protein determi-
nations were by the method of Lowry et al. (21), using
bovine serum albumin as a standard. Scintillation
counting of electrophoretograms was in a Packard
Tri-Carb scintillation counter with 10 ml of scintilla-
tion fluid (2,5-diphenyloxazole (4.0 g/liter) and 1,4-
bis-[2]-(5-phenyloxazolyl)benzene (0.5 g/liter) in tol-
uene). Electrophoretograms were prepared for count-
ing by cutting a 4-cm-wide strip centered on the point
of application of the sample and parallel with the
direction of migration. This strip was cut into sections
1 cm in length, starting 2 cm before the origin and
proceeding in the direction of migration of the pep-
tides. Each section was counted separately in the
above scintillation fluid. Marker amino acids and pep-
tides were co-electrophoresed as standards.

RESULTS

Growth on methionine-containing pep-
tides and derivatives. The ability of peptides
to supply an amino acid auxotroph with a re-
quired amino acid has been used successfully to
ascertain the ability of various cells to transport
and degrade peptides (7, 13, 19, 26, 36). We used
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this rationale for an initial survey of the utilia-
tion of methionine-containing peptides by strain
RM46, a methionine auxotroph of P. aenrgi-
nosa. The growth response was determined in
10 ml ofPMM containing methionine (10 ag/ml)
or peptides at a concentration to give an equal
number of mole-equivalents of methionine per
milliliter of medium. This methionine concen-
tration allowed maximum growth rate of the
organism and was the limiting factor to final
cell yield. The data in Fig. 1 and Table 1 sum-
marize the growth response of this strain on
methionine and a series of methionine-contain-
ing peptides. Growth was absolutely dependent
upon the presence ofthe amino acid methionine.
In addition to methionine, several oligopeptides,
including di-, tri-, tetra-, and pentapeptides, con-
taining methionine served as a source of this
required amino acid. In all cases, the growth
response (length of lag, growth rate, cell yield)
in the presence of these peptides was not signif-
icantly different than when the free amino acid
was supplied directly. P. aeruginosa was unable
to utilize several peptides in which the amino
terminus was derivatized. Acetylated peptides
[ie., Ac-(Met)s] could not serve as a source for
methionine nor could tripeptides containing the
larger group tert-butyloxycarbonyl [ie,, Boc-
(Met)3]. Simila peptides with nonderivatizd
amino termini served as growth substrates. In

100 _
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5~~~~~~0
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FIG. 1. Growth response of P. aeruginosa strain
RM46 to various methionine-containing peptides.
PMMwassupplmented with L-methbonine (U), (Met)3
(0), (Met)s(A),Ac-(Met)a (x), orno methionine (0).AU
peptides were supplmented so that the final concen-
tration pfmethonine was 10 pg/ml.

TABLE: 1. Growth response ofP. aeruginosa strain
RM46 to methionine-containingpeptidee

Growth response

Methionine sourceb Generation Klett unitstime (660 nm) at
(h/genera- 24 h

tion)

No Met NG" 4
Met 2.6 180
Dipeptides
Met-Met 2.4 210
Gly-Met 2.1 220
Met-Gly 2.1 210

Tripeptides
(Met)3 2.6 195
Met-Gly-Gly 2.4 240
Gly-Met-Gly 2.6 160
Gly-Gly-Met 2.8 170

Other oligopeptides
Met-Gly-Met-Met 2.1 200
Met-Met-Gly-Met 2.1 100
Met-Met-Met-Gly 2.3 130
(Met)s 2.2 130

Blocked peptides
Ac-(Met)3 NG 3
Boc-(Met)3 NG 13
Ac-Met-Gly-Met NG 2
(Met)r-OMe 2.5 130
a AU peptides were supplemented to the same level

of required amino acid (10 ug/ml).
b AU residues are in the L-configuration.
c NG, No growth on this methionine source.

contrast, when the carboxy terminus of trime-
thionine was blocked by esterfication
[(Met)3OMe, timethionme methyl ester], the
peptide was still utilizable as a source for methi-
onine.
Peptidase activity in cell lysates. The in-

ability of P. aeruginosa to utilize peptides that
are blocked at the amino terminus could result
from one of two reasons: either the cell does
not contain peptidase capable of hydrolyzing the
peptide or the cell is unable to transport the
peptide into the cell. One way to distinguish
between these two possibilities is to determine
the presence of an intracellular peptidase capa-
ble of degrading the nonutilizable peptide. If
such an enzyme is present, one can infer that
the disallowed step in the utilization of the pep-
tide is its impermeability to the cellular mem-
brane. Cels were grown in PMM medium con-
taining methionine (10 jug/ml) and harvested,
and cell lysates were prepared by the lysozyme,
freze-thaw method described in Materials and
Methods. The supernatant fraction was tested
for peptidase activity by incubation with (Met)2,
(Met)3, (Met)5, (Met)3-OMe, Ac-(Met)3, and
Boc-(Met)3 and analysis by high-voltage electro-
phoresis. AU oligopeptides tested were hydrolyz-
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able by the cell extract. This included both Ac-
(Met)3 and Boc-(Met)3, two nonutilizable,
amino-blocked peptides. From these results, it
would appear that the inability of P. aerugunosa
to utilize peptides with derivatized amino ter-
mini is due to the inability of the cell to take
up the peptide.
Localization ofpeptidase activity. Several

experiments were carnied out to determine the
location of the peptidase(s) responsible for the
degradation of (Met)3 and similar peptides (see
Table 1). In our first experiments, we asked if
detectable amounts of peptidase activity could
be found in culture medium in which P. aerugi-
nosa had been grown. P. aeruginosa strain
RM46 was inoculated into 100 ml ofPMM con-
taining (Met)3 at 6.7 x 10-5 M and incubated
until late log phase (100 Klett units at 660 nm).
The cells were harvested, and the culture me-
dium (spent medium) was filtered through a
0.45-pm cellulose nitrate filter. The cells were
lysed, and particulate and supernatant fractions
were prepared as described in Materials and
Methods. The spent medium and cellular frac-
tions were dialyzed, and peptidase activity was
determined by the electrophoresis assay except
that the reaction mixture contained radioactive
trimethionine (specific activity, 1.1 mCi/mmol)
labeled with "C in the carboxy-terminal methi-
onine residue. Samples were taken at 0, 1, 3,
and 5 h, and the nanomoles of "C-labeled (Met)2
liberated was determined for each time point.
The results of these assays are depicted in Fig.
2. There was no detectable breakdown of (Met)3
by the spent medium during this time period,
and, in fact, when reaction mixtures were al-
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FIG. 2. Peptidase activity of cellular fractions on
'4C-labeled (Met)3. Reaction conditions and analysis
of radioactivity were as described in Materials and
Methods. CeU supernatant fluid (A), membrane frac-
tion (0), and spent medium (U) were tested.

lowed to incubate for as long as 24 h there was
still no detectable "C-labeled (Met)2 (r 14C-la-
beled Met produced. In other experiments, any
macromolecules present in the spent medium
were concentrated 100-fold, using an Amicon
ultrafiltration unit (Amicon Corp., Lexington,
Mass.). There was no detectable peptidase activ-
ity in these concentrated samples. From these
experiments, it would appear that extracellular
peptidase active on (Met)3 is not produced by
P. aerugnosa.

Cellularly associated peptidase activity may
be external to the inner membrane and located
in the periplasmic space. In this case, degrada-
tion of the peptide may take place followed by
uptake of the free amino acid. Cheng et al. (9)
found that enzymes associated with the peri-
plasmic space, for example, alkline phospha-
tase, are released by "shocking" the cell with
0.2 M Mg2e at pH 8.4. We used a modification
of this method to determine whether or not the
peptidases associated with P. aeruguiosa were
shockable from the periplasmic region of the
cell membrane. For these experiments, cells
were grown in PTM supplemented with 10 pg
of methionine per ml. After growth, the cells
were washed and shocked in magnesium buffer.
After collection of the shockate, the cells were
lysed by method II and the soluble and partic-
ulate fractions were collected. The growth re-
sponse of cells grown in PTM to various methi-
onine-containing peptides, especially (Met)3 and
Ac-(Met)3, was the same as cells grown in PMM
(Fig. 1, Table 1). The magnesium wash, super-
natant, and particulate fractions were tested for
alkaline phosphatase and peptidase activity (Ta-
ble 2). Even when over 75% of the alkaline
phosphatase activity was removed from the per-
iplaic space, there was no release of peptidase
activity. In additional experiments, no peptidase
activity was detectable when the amount of
shock fluid in the reaction mixture was increased
10-fold.
The experiments described in the last section

were surprising to us in that a high percentage
of the peptidase activity was found associated
with the particulate fraction (Fig. 2). In different
preparations the fraction of peptidase activity
associated with the particulate fraction ranged
from 35 to 75% of the total specific activity.
Since the activity exhibited in this fraction
might be due to fortuitous association, the par-
ticulate fraction was repeatedly washed by re-
suspension in 50 mM Tri-hydrochloride (pH
8.0) buffer and centrifugation at 20,000 x g for
60 min. This process was repeated four times.
During each round, a sample was retained from
the supernatant wash fluid and the particulate
fraction. Each of these samples was assayed for
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peptidase activity using the coupled enzyme as-
say of Fujita et al. (12). The degradation of
(Met)3 was analyzed, and the protein content of
each sample was determined. The peptidase ac-
tivity per milligram of protein was calculated
(Table 3). By the third and fourth wash cycles,
peptidase activity was not detectable in the su-
pernatant wash fluid, whereas a significant
amount (33% of the total activity) was still
bound to the membrane fraction. In additional
experiments, it was found that peptidase activity
capable of degrading Ac-(Met)h was also found
in significant amounts in the membrane fraction
even after four washings.

DISCUSSION
In this paper we have demonstrated that pep-

tides can be utilized in place of the required

TABLE 2. Rekase ofpeptidase and alkaline
phosphatase activity from the periplasmsc space by

osmotic shock
Alkaline

phosphatase (Met)-di-
Sample activity rectedpepti-

(units/mg of dams activityb
protein)

Culture medium <0.01
0.2 M MgCl2 wash 0.36
Supernatant fraction of 0.03 +

cell lysate
Membrane fraction 0.08 +

a Assays were as described in Materials and Meth-
ods. One unit of activity is defined by Tormiani (34)
as the amount of enzyme necessary to produce a
change of 1 optical density unit at 410 nm in 1 min.

b Peptidase assays were for 4 h at 37°C, using the
electrophoresis assay conditions. -, No detectable
(Met)3 degradation; +, signiicant degradation of
(Met)3 with liberation of (Met)2 and Met. Often there
was complete degradation of (Met)3 to free methio-
nine. All reaction mixes contained the same level of
protein (ca. 0.1 mg).

TABLE 3. Peptidase activity associated with the
particulate fraction after repeated washing

Supernatant fluid Prticulate frac-
tion

Procedure Total Total
protein Sp act" protein Sp acta
(mg) (mg)

Cell lysate 54 2.8 62 17.7
Wash I 22 5.8 47 12.2
Wash I 7 7.2 30 7.1
Wash II[ 3 <0.1 25 8.3
Wash IV 2 <0.1 19 6.4

- Activity is expressed in micromoles of methionine
liberated at 37°C in 20 min per milligram of protein.
Activity was assayed by the coupled enzyme assay
described in Materials and Methods.

amino acid by a methionine auxotroph of P.
aeruginosa. Some features of this peptide utili-
zation are imnilar to those demonstrated for
other gram-negative bacteria (2, 7, 28). For E.
coli (2), the sequence of amino acid residues in
the peptides is not important in detenrining its
ability to serve as an amino acid source. Simi-
larly, Met-Gly-Gly, Gly-Met-Gly, and Gly-Gly-
Met serve equally well as a source of methionine
for P. aeruginosa. In addition, a free amino
terminus is necessary for methionine-containing
peptide utilization, whereas a free carboxyl ter-
minus is not important for either P. aerugiwsa
or E. coli (3, 25). On the other hand, one impor-
tant difference in peptide utilization between P.
aeruginosa and the other gram-negative bacte-
ria examined is notable. All the evidence (2, 28)
reported to date indicates that peptides are
trnsported intact into bacteria and are then
hydrolyzed by intracellular peptidases, whereas
the data reported in this study indicate that a
different mode of peptide utilization may exist
in P. aeruglnosa.

P. aeruginosa produces many extracellular
products, including proteases (16), which have
been implicated in the pathogenicity of the or-
ganism (16, 19, 20). For our studies on peptide
utilization, therefore, it was especially important
to determine whether peptidases were released
into the environment by this bacterium. The
existence of extracellular peptidases would ne-
gate the use of peptide-mediated illicit transport
(1) of potentially toxic materials as a mechanism
for the control of this organism. Even though
no extracellular peptidase was detected in the
culture medium in which P. aeruginosa was
grown, a significant amount of the peptidase
activity towards both (Met)3 and Ac-(Met)3
could not be washed from the particulate frac-
tion of a cellular lysate.
There have been only a few reports of such

membrane-bound peptidases in bacteria. Laz-
dunaki and co-workers (18) identified a peri-
plsmic aminoendopeptidase in E. coli. How-
ever, although the purified enzyme cleaved var-
ious amino acid-p-nitroanilides and amino acid-
fl-naphthylamides, the enzyme had no activity
to the small peptides Ala-Gly-Gly, Ala-Val, Ala-
Pro, or Ala-Ser. DD-Carboxypeptidases have
been found associated with the particulate frac-
tions of cell lysates of several bacteria (5, 14,
30). The predominance of evidence from the
laboratories of Simmonds and Toye (32) and
others (2, 23, 27, 28) indicates that peptidases
capable of hydrolyzing peptide bonds between
two L-amino acids are strictly intracellular in E.
coli. Peptidase activity has been found associ-
ated with the membrane and cytoplasmic frac-
tions of Mycoplasma laidlawii (10, 29). The
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enzyme descibed in Mycoplamna appeared to
be located on the outside of the membrane. The
evidence we have accumulated indicates that
this is not the case for the P. aeruginosa pepti-
dase activity. The fact that no peptidase activity
could be shocked from the periplasmic space
under conditions that removed the majority of
the periplsmnic-asociated alkaline phosphatase
indicates that peptidases are not present in the
periplasmic region. In addition, the nonutiliza-
tion of Ac-(Met)3 as a source of methionine,
even though signiicant amounts of peptidase
able to degrade Ac-(Met)3 were found in the
membrane fraction, argues that at least this
peptidase is not accesible in vivo to blocked
tipeptides.

In recent reviews, Payne (28) and Barak and
Gilvarg (2) proposed several models of peptide
utilization in bacteria. Genetic and kinetic evi-
dence in E. coli (2, 17, 28) and S. typhunurium
(15) support a model of transport followed by
degradation ofthe peptide, whereas another pro-
posed model is based on an intimate association
of ransport and degradation of peptides. This
close coupling model of ransport and hydrolysis
has been proposed for intestinal peptide trans-
port (35) and peptide transport in eucaryotic
tise containing y-glutamyl ranspeptidase (31).
P. aeruginosa may provide a system for an
analysis of a model of the interaction of trans-
port and degradation in the utilization of pep-
tides by microorganims.
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