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Pseudomonas cepacia utilized penicillin G as the sole source of carbon and
energy. We report here an unexplained correlation between lysine auxotrophy
and ,8-lactamase deficiency, resulting in loss of capacity to utilize penicillin.

Pseudomonas cepacia (P. multivorans) is rec-
ognized as the most nutritionally versatile of the
pseudomonads (1, 11). As we report here it in-
cludes penicillin G (Pen) in its repertoire of
utilizable substrates. All wild-type strains of P.
cepacia we examined and certain strains of P.
marginata and P. caryophylli utilized penicillin
G (benzylpenicillin) as the sole source of carbon
and energy (see Table 1 for a list of representa-
tive strains). The same strains failed to exhibit
significant growth with the benzylpenicillin de-
rivatives ampicillin or carbenicillin, but were
resistant to these antibiotics. P. cepacia 249, the
strain we studied in greatest detail, grew with a
mean generation time of 6.5 h in inorganic salts
medium containing 2% (wt/vol) penicillin G as
the sole carbon source.

Neither the closely related P. pickettii (9, 10)
strains listed in Table 1 nor the less closely
related pseudomonads P. aeruginosa PU21-
(RP1) llv- Penr (obtained from G. A. Jacoby,
Massachusetts General Hospital, Boston,
Mass.), P. aeruginosa PAO25(R68.45) Leu-
Arg- Penr (obtained from W. R. Sistrom, Uni-
versity of Oregon, Eugene), P. putida
AC811(FP2::Tnl) Met- Penr (obtained from A.
M. Chakrabarty, University of illinois Medical
Center, Chicago), or P. fluorescens 13525 (ob-
tained from D. H. Pope, Rensselaer Polytechnic
Institute, Troy, N.Y.) were able to utilize peni-
cillin G despite their resistance to the antibiotic
action of this drug (tested as in Table 1). The P.
fluorescens 13525 strain clearly differs in its
behavior from the soil isolate identified as P.
fluorescens by Johnsen (3), which has been re-
ported to utilize benzylpenicillin as a carbon,
nitrogen, and energy source.
When P. cepacia 249 was grown in the pres-

ence of penicillin G, extracts of the bacteria
contained high levels of/?-lactamase activity (see
Table 2). The highest activity was noted in
extracts of bacteria grown in inorganic salts me-
dium containing 2% (wt/vol) penicillin G as the
sole carbon source. The lowest level was with

bacteria grown in inorganic salts medium con-
taining 1% (wt/vol) Casamino Acids as the car-
bon source. Intermediate levels of enzyme were
detected in extracts of bacteria grown in Casa-
mino Acids medium supplemented with 350,g
of penicillin G per ml. Similar results were ob-
tained with P. marginata (see Table 2) and with
P. cepacia strains 104, 382, and 383 (results not
shown).
High levels of ,B-lactamase activity were not

in themselves sufficient for growth on penicillin.
Extracts of P. aeruginosa PU21(RP1) and
PA025(R68.45), two strains which failed to uti-
lize penicillin G as a carbon source, contained
constitutive levels of fl-lactamase (ca. 2,500 spe-
cific activity) that were almost as great as that
of P. cepacia 249.

All four lysine-requiring strains in our collec-
tion of auxotrophic derivatives of P. cepacia 249
were deficient in fl-lactamase (Table 3) and sen-
sitive to penicillin G, ampicillin, carbenicillin,
and cephalosporin C (tested as in Table 1). Other
amino acid auxotrophs (including 249-13, a thre-
onine-deaminase-deficient strain from which
the lysine auxotrophs 13-4 and 13-5 were de-
rived) had normal levels of /3-lactamase, utilized
penicillin G as carbon source, and exhibited the
same pattem of resistance to penicillin G, am-
picillin, carbenicillin, and cephalosporin C as did
the wild type. Diaminopimelic acid (100 jig of a
mixture of LL-, DD-, and meso- isomers per ml,
obtained from Sigma Chemical Co., St. Louis,
Mo.) failed to spare the lysine rquirement of the
aforementioned mutants, suggesting that they
are blocked late in lysine biosynthesis. We have
been unable to obtain Lys' revertants of these
strains, raising the possibility that they may be
deletion mutants or perhaps that they have suf-
fered loss of a plasmid present in the wild type.
Penicillin G-resistant derivatives were obtained.
None of these, however, had regained normal
levels of f8-lactamase nor the capacity to utilize
penicillin G (or to synthesize lysine), suggesting
a different mechanism of resistance from that of
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TABLE 1. Response of P. cepacia and related pseudomonads to penicillin

Penicil- Resistance to growth inhibitionb

Strains Source lin G Cepha-utiliza- Penicil- Ampicil- Carben-
tiona lin G lin icillin losporin

P. cepacia
249, 104, 382, 383 University of California, + + + + +

Berkeley; N. J. Palleroni
533, 546, 3487, N28-504C University of Utah Medical + + + + +

Center; J. M. Matsen
PC22, PC23, PC24, PC25 University of California, + + + + +

Davis; M. P. Starr
K998, K1021, K1425, K1555 University of California, Los + + + + +

Angeles; M. J. Pickett

P. marginata
PM106, PM107 Davis collection + + + + +
PM2, PM11 Davis collection - - - - +

P. caryophylli
PC113 Davis collection + + + + +
PC115 Davis collection - + + +

P. pickettii
K232, K279, K286, K288 UCLA collection - + + + +
a The bacteria were tested for growth on solid medium containing inorganic salts (4) supplemented with 2%

(wt/vol) penicillin G as the sole carbon source. Incubation was for 60 h at 37°C.
'The bacteria were grown on inorganic salts medium containing 1% (wt/vol) Casamino Acids and 350 ,ug of

antibiotic per ml. Incubation was for 48 h at 37°C.

TABLE 2. ,B-Lactamase induction in P. cepacia and
P. marginata cultures

fi-Lactamase sp act'
Growth medium8 P. cepacia P. margin-

249 ata 106

Casamino Acids (1% wt/vol)
No other additions 10 11
Penicillin G (350 ,ug/ml) 250 143
Ampicillin (350 ,ug/ml) 197 945
Carbenicillin (350,g/ml) 172 402
Cephalosporin C (350 ,ug/ 182 148

ml)
Penicillin G (2%, wt/vol) (sole 6,300 6,930

carbon source)
a The bacteria were grown in inorganic salts me-

dium (4) containing the indicated supplements. Cells
from 50 ml of culture were collected by centrifugation,
suspended in buffer, and disrupted by sonic treatment
as reported earlier (5). The disrupted cell suspensions
were centrifuged to remove unbroken cells and cell

debris, and the supernatants were assayed for,B-lac-
tamase activity by using the procedure of O'Callaghan
et al. (8). Protein was determined by the procedure of
Lowry et al. (6).

b Expressed as nanomoles of chromogenic cephalo-
sporin 87/312 cleaved per minute per milligram of
protein at 24°C.

the wild type.
We have explored the possibility that the joint

loss of ability to synthesize lysine and utilize

TABLE 3. /3-Lactamase deficiency in lysine
auxotrophs of P. cepacia 249a

fl-Lac-
Strainb Phenotype tamase sp

act'

249 Wild type Pen' PdmI+d 10.0
249-1 Lys- Pens 0.7
249-2 Lys- Pen8 1.0
249-13 Ile- PenrPdm+ 8.0
13-4 Ile- Lys- Pen8 1.1
13-5 Ile- Lys- Pen8 1.2
a The bacteria were grown in inorganic salts me-

dium supplemented with 1% Casamino Acids as the
carbon source.
bThe lysine auxotrophs were all obtained from

strain 249 after mutagenesis with UV light.
cNanomoles of chromogenic cephalosporin 87/312

cleaved per minute per milligram of protein at 24°C.
dAbility to dissimilate and utilize penicillin as a

carbon source is designated as Pdm+.

penicillin might be a consequence of loss of a
plasmid. The procedure of Currier and Nester
(2) was used to screen P. cepacia wild-type and
auxotrophic strains for plasmid DNA. Both P.
cepacia 249 and the four lysine auxotrophs de-
rived from it contained 95-megadalton plasmid
DNA (molecular mass estimated by agarose gel
electrophoresis [7]). No other size classes of plas-
mid DNA were detected. No plasmids were de-

NOTES 1 127VOL. 140, 1979



1128 NOTES

tected in P. cepacia strains 104 and 383, both of
which utilized penicillin as the sole carbon
source. Our current working hypothesis is that
the joint loss of capacity to synthesize lysine and
utilize penicillin is due to some event other than
loss of a plasmid. However, it remains possible
that P. cepacia contains a large plasmid, difficult
to isolate by conventional procedures, that car-
ries genes related to ,B-lactamase and lysine for-
mation, or that there is more than one 95-me-
gadalton plasmid in strain 249, one of which is
missing in the lysme auxotrophs. We plan to test
the latter possibility by determining whether
restriction enzyme digests of plasmid DNA from
the wild-type and mutant strains differ in their
complement of DNA fragments.
We have examined whether transfer of plas-

mid RP1 from P. aeruginosa PU21(RP1) to P.
cepacia 13-5 would restore the ability to utilize
penicillin G. P. cepacia transconjugants were
obtained by selecting for resistance to 300 jig of
tetracycline per ml conferred by plasmid RP1.
The donor strain was counterselected by omit-
ting branched-chain amino acids from the me-
dium and utilizing 0.5% (wt/vol) phthalate as
carbon source. The transconjugant strains were
screened for plasmid DNA and found to contain.
36- and 95-megadalton DNA, corresponding to
plasmid RP1 and the cryptic plasmid DNA of
strain 13-5. Acquisition of the RP1 plasmid con-
ferred on strain 13-5(RP1) the ability to form
high levels of ,B-lactamase (ca. 2,600 specific
activity) and resist the antibiotic action of pen-
icillin, but failed to restore the capacity to utilize
penicillin as carbon source. The results suggest
either that P. cepacia 83-lactamase possesses
special properties, different from the RPl-en-
coded /B-lactamase, which permit it to serve in
penicillin dissimilation, or, more likely, that P.
cepacia lysine auxotrophs are deficient in other

enzymes, in addition to ,B-lactamase, required
for penicillin utilization.
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