Journal of Antimicrobial Chemotherapy (1999) 43, 607-612

JAC

Correspondence

Identification of oprG, a gene encoding a major
outer membrane protein of Pseudomonas
aeruginosa

J Antimicrob Chemother 1999; 43: 607-608

Karl Gensberg?, Anthony W. Smith®,
Fiona S. L. Brinkman® and Robert E. W. Hancock®*

4Department of Surgery, Queen Elizabeth Hospital,
Birmingham, UK; PDepartment of Pharmacy and
Pharmacology, University of Bath, Bath, UK;
‘Department of Microbiology and Immunology,
University of British Columbia, Vancouver,

British Columbia V6T 1Z3, Canada

*Corresponding author. Tel: +1-604-822-2682;
Fax: +1-604-822-6041; E-mail: bob@cmdr.ubc.ca

Sir,

Pseudomonas aeruginosa expresses between five and nine
major outer membrane proteins (OMPs), depending on the
conditions of growth;? the genes encoding all but one of
these, OprG, have been identified. OprG has an apparent
molecular weight of 25,000 when outer membranes are
heated to 88°C for 10 min in solubilization buffer before
being subjected to SDS-PAGE and 19,000 when they are

not pre-heated.® Its appearance in the outer membrane is
highly dependent on growth conditions. In particular,
Yates et al. observed a direct relationship between the iron
concentration in the medium and expression of OprG and
suggested that this OMP is involved in low-affinity iron
uptake. Other conditions, including growth into the station-
ary phase, higher growth temperatures, Mg?" deficiency,
certain lipopolysaccharide alterations and the presence of
certain carbon sources, also result in the expression of
varying concentrations of OprG.! Such apparently broad
regulation of this OMP has frustrated efforts to assign a
function to it. However, in addition to the potential role of
OprG in iron uptake, two groups of investigators have
suggested that it is involved in quinolone uptake/
susceptibility.*® In view of this uncertainty, we undertook
to identify the oprG gene.

Outer membranes were prepared according to the
method described by Hancock & Carey?® from a 500 mL
overnight culture of P. aeruginosa 1Al in L-broth (1%
Bacto-Tryptone, 0.5% yeast extract; Difco Chemical Co.,
St Louis, MO, USA). The OMPs were electroblotted on
to an Immobilon P polyvinylidinedifluoride membrane
(Millipore, Bedford, MA, USA) which was then dried and
stained. The OprG band was excised from the blot and
subjected to N-terminal amino acid sequencing by Dr P.
Williams (Department of Pharmaceutical Sciences, Uni-
versity of Nottingham, Nottingham, UK). The procedure

CprG MRKSWLTASLLALTVASPFAAADIQGHKAGDFIIRGGFATVDPDDSSSDIKLDGAKQRGT 60
CmpW MKQTICLAVLAALLAAPVFA-===-- HQEGDFIVRAGIASVVPNDSS-DKVLN--TQ--5 49
*as * Kk kk Kk Kk ke o kkkkok kakik Kikkk K ks k.
OprG KATVDSDTQLGLTFTYMFADKWGVELVAATPFNHQOVDVKGLGPGLDGKLADIKQLPPTLL 120
OmpW ELAVNSNTHLGLTLGYMFTDNISFEVLARTPFSHKISTSGGELGSLGDIGETKHLPPTFM 109
skakokakkkky kkkgka | Keak kkk koo K * ka1 kakkkko s
OprG LQYYPMGGTNSAFOPYGGLGVNYTTFFDEDLASNRKAQGFSSMKLODSWGLAGELGFDYM 180
OmpW VQYY~FGEANSTNRPYVGAGLNYTTFFDESEFNSTGTNNALSDLKLDDSWGLAANVGFDYM 168
skkk ok sckke kK K kyKkkkkkkk g ok sk s kkakkokkkk s kkkokk
OprG LNEHALFNMAVWYMDIDTKASINGPSALGVNKTKVDVDVDPWVYMIGFGYKFE 232
OmpW LNDSWFLNAYVWYANIETTATYKA~-~---GADAKSTDVEINPWVFIIAGGYKF 216
* % g cak kkk akak kg1 ko kkasuikkkaiak  kkwkw

Figure. Sequence alignment by Clustal Wb of the deduced amino acid sequence of P. aeruginosa OprG and its closest homologue,
V. cholerae OmpW. The experimentally determined N-terminal amino acid sequence is shown in bold letters, preceded by the
deduced signal sequence. The symbols under the sequences represent identity (*) or high (:) or moderate (.) similarity at a given
sequence position.
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was repeated, yielding identical N-terminal sequences of
DIQGHKAGD, and the sequence was used to search a
release of P. aeruginosa genomic sequences (http://www.
pseudomonas.com). This identified a single homologous
open reading frame encoding a pre-protein with a pre-
dicted 22 amino acid signal sequence, followed by a peptide
of 210 amino acids that included the above N-terminal
sequence as the first nine amino acids. This sequence
(Figure) was found in contig 216 (from bases 51,972 to
51,277 on the complementary strand; 15 September 1998
release of genomic sequences), located at about 1000 kbp
on the physical genomic map on macrorestriction fragment
Dpnl-L, Spel-A (http://www.bit.ug.edu.au/pseudomonas/
map.html).

The predicted 210 amino acid protein is 43% identical
and 58% similar to a Vibrio cholerae OMP, OmpW?®
(Figure), which is itself a member of a family of minor
OMPs that are predicted to form eight-stranded S-barrels.’
Two of the closer homologues, DoxH® and AIKL,® are
encoded in operons involved in naphthalene and alkane
catabolic pathways respectively, but their precise functions
are not known.

In conclusion, we have identified and sequenced the last
of the P. aeruginosa major OMPs. This will permit further
studies to determine its cellular function and potential role
in quinolone uptake.
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Sir,

Many clinically important Gram-negative bacteria possess
effective outer membrane (OM) permeability barriers that
markedly limit the penetration and, thus, the activities of
hydrophobic antibiotics, such as erythromycin and rifam-
picin, and large antibiotic molecules, such as vancomycin.2
This, in part, explains why these pathogens are resistant to
most of the recently discovered agents (e.g. the oxazoli-
dinones and everninomicin) that exhibit potent activities
against Gram-positive bacteria.® The barrier function of the
OM relies principally on the compact leaflet of lipopoly-
saccharide (LPS) molecules that covers the cell surface and
which is fairly impermeable to hydrophilic and (moder-
ately) hydrophobic compounds. This is exemplified by the
recently described Escherichia coli mutants, IpxA and IpxD,
in which the lipid A moieties of the LPS have undergone
profound alterations and which are almost as susceptible to
hydrophobic antibiotics as the Gram-positive reference
strains.®* The MICs of a large number of antibiotics for the
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E. coli IpxA mutant are 30- to 1000-fold lower than those
for clinical isolates of E. coli.* Other LPS mutants, such as
those in which the inner core polysaccharide moieties of
the LPS are defective (Re type), also exhibit antibiotic
supersusceptibility, although to a lesser extent than the
lipid A mutants.

The most reliable method of quantifying the permeabil-
ity of the OM to hydrophobic compounds is that developed
by Plésiat & Nikaido® which allows the rates of penetration
of various steroid probes across the lipid portion of the
bilayer to be accurately determined. The results are
expressed in terms of the permeability coefficient (P) in
nanometres per second (nm/s). With this approach, these
investigators showed that the OM of a Re mutant of
Salmonella typhimurium was up to 25- and 16-fold more
permeable to uncharged steroids and to testosterone hemi-
succinate (a monoanionic probe) respectively than that of
the parent strain.® P values for the most antibiotic-hyper-
susceptible strains, i.e. the lipid A mutants, have not yet
been reported. In the present study, we demonstrate that
the diffusion rate of testosterone hemisuccinate through
the IpxA-type OM is much higher than that through the
Re-type OM.

The strains used in the study were as follows: the lipid A
mutants of E. coli SM101 (IpxA) and E. coli CDH23-213
(IpxD, the gene formerly known as omsA, firA and ssc),
both of which are thermosensitive, i.e. SM101 grows well at
28°C, but not at 37°C, and CDH23-213 grows well at 20°C
and 37°C, but not at 42°C; the corresponding isogenic
parent-type strains, SM105 (IpxA*) and CDH23-210
(IpxD*), which were used as controls; and the E. coli
mutant strain, D21f2 (rfa), which has a defective inner core
oligosaccharide and which elaborates Re-type (heptose-
less) LPS. The antibiotic susceptibilities of all of the strains
have been characterized previously3*

The study strains were transformed with the recom-
binant plasmid, pLE689, that mediates the 3-oxosteroid
Al-dehydrogenase enzyme of Comamonas testosteroni.®
The media used were LB agar and broth, both containing
10 g of tryptone (Oxoid, Basingstoke, UK), 5 g of yeast
extract (Difco, Detroit, MI, USA) and 5 g of NaCl, at pH
7.2, and supplemented with kanamycin at a concentration of
25mg/L. The agar plates and broth cultures were incubated
at 30°C. The steroid permeability assay was performed as
described previously.® Briefly, cells in the exponential
growth phase were collected by centrifugation at room
temperature and resuspended in 50 mM HEPES, pH 7.4, to
an Ags, of 3. Tubes containing 700 pL of bacterial suspen-
sion diluted three-, six- or 30-fold in the same buffer were
incubated at 30°C with gentle agitation. The neutral steroid,
testosterone, or its hemisuccinate derivative was added at
time 0 to give final concentrations of 50 wM and 200 .M
respectively. Following incubation for 10 min, >959% of the
steroid was removed by two brief extractions with ethyl
acetate. The concentration of the A-dehydrogenated
product was then determined by high-performance liquid

Table. P values (nm/s) for testosterone and testosterone
hemisuccinate in the lipid A mutants of E. coli, IpxA and
IpxD, their isogenic parent-type strains (controls) and a
mutant strain of E. coli, D212, with a defective inner core
oligosaccharide

P
testosterone
Strain testosterone hemisuccinate
CDH23-213 (IpxD) 3260 890
SM101 (IpxA) 4270 1100
CDH23-210 (IpxD™) 60 8
SM105 (IpxA™) 120 20
D21f2 (rfa) 3620 170

chromatography (HPLC) and the permeability coefficients
were calculated according to an equation based on Ficks’
First Law of Diffusion?®

The P values for testosterone hemisuccinate in the lipid
A mutants, SM101 (IpxA) and CDH23-213 (IpxD), were
approximately 900-1100 nm/s—approximately five- to
six-fold greater than that in the E. coli Re mutant, D21f2
(Table), approximately ten-fold greater than that pre-
viously determined in the Re mutant of S. typhimurium
(data not shown) and approximately 50- to 100-fold greater
than those in the control strains (Table). Of considerable
note, the high P values for the lipid A mutants demons-
trated here are comparable to that (approximately 1000
nm/s) previously determined for the wild-type strain,
S. typhimurium SL696,° following exposure to deacylpoly-
myxin B (DAPB), a potent permeabilizer of the OM.” This
suggests that the OM permeability barrier to a representa-
tive anionic hydrophobic probe molecule is quantitatively
equally defective in both the lipid A mutants and the
DAPB-permeabilized cells.

The P values for testosterone in the lipid A mutants
(3260 nm/s and 4270 nm/s in CDH23-213 and SM101,
respectively) were similar to that (3620 nm/s) in the Re
mutant (Table). This suggests that the Re-type OM is
already maximally permeable to this neutral hydrophobic
probe. In accord with this observation, previous investigators
have shown that the P coefficient for another uncharged
steroid, androstanedione, in DAPB-treated S. typhimurium
was comparable to that in the Re mutant of S. typhimurium.s

Studies such as the one described here add to our know-
ledge of the properties of the permeability barriers of muta-
tionally defective OMs. This in turn provides information
that might help in designing novel antibiotics with activities
against Gram-negative bacteria. In the light of increasing
antibiotic resistance worldwide, such agents are needed
desperately.
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Sir,

The bacterial composition of the subgingival flora varies
widely from individual to individual and from pocket to
pocket in the same individual. Certain pathogens, particu-
larly Prevotella intermedia, are associated with severe forms
of periodontal disease.! Not all patients respond equally to

periodontal treatment and antibiotics can enhance the effects
of surgical intervention in those with rapidly progressive or
refractory periodontitis.? One of the most frequently pre-
scribed antibiotics is metronidazole, resistance to which is
rarely encountered, although treatment with high dosages
may be necessary to eradicate some pathogens. In common
with the causes of infection at other sites, periodic surveys
of the susceptibilities of the aetiological agents of perio-
dontitis are necessary in order to detect changes in the
patterns of resistance and thereby to facilitate optimal
antibiotic therapy. The present study was undertaken to
determine the in-vitro susceptibilities of P. intermedia
isolates to metronidazole and to evaluate the efficacy of the
Etest for this purpose.

Subgingival plaque samples were obtained from patients
with periodontitis and inoculated on to solid medium
within 3 h; the plates were incubated under anaerobic con-
ditions at 37°C for 3—7 days. Isolates of P. intermedia (n = 13)
were identified according to standard laboratory proce-
dures. Susceptibility to metronidazole was determined by
an agar dilution method recommended by the NCCLS? and
by the Etest method (AB Biodisk, Solna, Sweden) accord-
ing to the manufacturer’s instructions. The medium in both
cases was Columbia agar (bioMérieux, Marcy I'Etoile,
France) supplemented with 10% sheep blood, haemin
(5 mg/L) and menadione (0.5 mg/L), and the inoculum for
the agar dilution method was 10° cfu. P. intermedia isolates
CIP 103607 and CIP 6322 (Collection of the Pasteur
Institute, Paris) were used as controls and all plates were
incubated for 48 h at 37°C in an anaerobic chamber.

The mean MIC for the 13 isolates, as determined by the
reference agar dilution method, was 0.98 mg/L (range
0.25-2 mg/L), whereas the mean MIC determined by the
Etest was 0.82 mg/L (range 0.047-2 mg/L). In 33% of cases,
the MICs determined by the two methods were the same.
Of the remaining isolates, the MICs for 87% and 93% were
within one and two two-fold dilutions, respectively. For
only one strain was the difference between the MICs
determined by the two methods more than four two-fold
dilutions (MIC of 0.047 mg/L with the Etest and 0.25 mg/L
with the agar dilution method).

We have shown in the present study that the MICs of
metronidazole for clinical isolates of P. intermedia are
broadly similar, regardless of whether they are determined
by the Etest or the agar dilution method; 93% of results
differed by no more than two two-fold dilutions. Others
have reported similar results, i.e. concordance or a differ-
ence of only one or two two-fold dilutions in 34.3%, 74%
and 90% of strains, respectively.* We conclude that the
Etest is a simple, rapid and reliable method of determining
the MICs of metronidazole for P. intermediaisolates. How-
ever, its relatively high cost will preclude it from being used
as a routine susceptibility testing method.

The MIC,,, of metronidazole for the 13 isolates (2 mg/L),
based on MICs determined by the agar dilution method, is
in agreement with the susceptibility data reported by other
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investigators®® and is less than the MIC breakpoint (8 mg/L)
recommended by the NCCLS.? The highest MIC recorded
by us, 2 mg/L, was one two-fold dilution higher than that
reported by Sutter et al.® However, those investigators
included isolates other than P. intermedia and did not
distinguish one black pigmented species from another.

Although only a small number of isolates were evalu-
ated, the present study demonstrates the excellent in-vitro
activity of metronidazole against P. intermedia, with 100%
of the isolates tested being susceptible to this agent on the
basis of the recommended MIC breakpoint. This observa-
tion is in accord with multicentre studies in the USA which
determined the susceptibilities of much larger numbers of
isolates, and confirms that the isolation of a strain belong-
ing to this species that exhibits resistance to metronidazole
is a very rare event.
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Sir,

The present study was undertaken to evaluate the in-vitro
activities of commonly used ophthalmic antibiotic prepara-
tions against external ocular pathogens.

The patients were residents of Dhaka City with clinical
diagnoses of acute bacterial conjunctivitis who had not
received systemic or intra-ocular antibiotics in the pre-
ceding 4 weeks. The diagnosis was based on the presence of
conjunctival hyperaemia and one or both of a purulent
exudate or crusting on the eyelids. Conjunctival swabs
were processed at a central laboratory according to
standard laboratory techniques and the isolates obtained
after overnight culture were identified by standard pro-
cedures. Isolates were regarded as pathogens if they met
one of the following criteria: Gram-negative bacillus;
B-haemolytic streptococcus; Streptococcus pneumoniae;
=10 colonies of an a-haemolytic streptococcus or Staphylo-
coccus aureus; or =100 colonies of a coagulase-negative
staphylococcus (CoNS).!

The susceptibilities of the isolates were determined by
the disc diffusion method according to recommendations
of the National Committee for Clinical Laboratory Stand-
ards (NCCLS).? The medium used was Mueller-Hinton
agar, supplemented with 5% sheep blood for streptococci,
or chocolate agar for Haemophilus spp. The following
antibiotics were tested: tetracycline (30 pg), chloram-
phenicol (30 pg), gentamicin (10 pg), trimethoprim/
sulphamethoxazole (25 pg), penicillin (10 wg), erythro-
mycin (15 ng), ciprofloxacin (30 w.g), lomefloxacin (30 ng),
bacitracin (10 pg), tobramycin (10 pg) and neomycin
(30 pg). All of the discs were obtained from Oxoid,
Unimed Co. Ltd (UK) and the isolates were categorized
as susceptible or resistant according to inhibition zone
diameter breakpoints recommended by the NCCLS.?

Ninety-eight presumed pathogens were recovered. S.
aureus was the most common isolate (accounting for 62%
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Table. Susceptibilities of 98 external ocular pathogens to various antibiotics available as topical formulations

Percentage of susceptible isolates

trimethoprim/

tetracycline chloramphenicol gentamicin sulphamethoxazole penicillin erythromycin ciprofloxacin lomefloxacin bacitracin tobramycin neomycin

Bacterium (n)

80
62
12

81

91

80
80
25

12 39 84
62
100

71

86
100

74
57

100

52

S. aureus (61)
CoNS (24)

87

85

79
25

71
100

12

88

29 75

71

S. pneumoniae (8)
Haemophilus

25

50

25

80 25 25 25 75 75

100

100

influenzae (4)
Pseudomonas

100

100

NT 100 100

100 NT

0
55

aeruginosa (1)
Allisolates (98)

68

76

86

74

78

49¢

16*

69

82

72

NT, not tested.

Correspondence

“Of 97 isolates tested.

of the pathogens), followed by CoNS (24%b), although the
roles of these organisms as causes of acute conjunctivitis
are controversial. The susceptibilities of the isolates are
summarized in the Table. The ranking of the antibiotics in
terms of percentage susceptible strains (in descending
order) was as follows: bacitracin; gentamicin; ciprofloxacin;
tobramycin; lomefloxacin; chloramphenicol; trimethoprim/
sulphamethoxazole; neomycin; tetracycline; erythromycin;
and penicillin. While chloramphenicol is the most com-
monly used ophthalmic antibiotic in Bangladesh, followed
by ciprofloxacin and gentamicin (S. Hossain, personal com-
munication), it was active against fewer isolates than the
latter two drugs. Ciprofloxacin was active against a
marginally higher percentage of isolates than lomefloxacin
and, of the aminoglycosides tested, gentamicin was active
against the highest percentage of strains.

The results of this study are in accord with published
data from Pakistan® which also showed that bacitracin was
the most active antibiotic tested (91% of isolates being
susceptible); moreover, the percentages of strains that
were susceptible to tetracycline, chloramphenicol, genta-
micin and neomycin were comparable to those reported
here. Whilst the absence of comprehensive published data
concerning the antibiotic susceptibilities of ocular patho-
gens precludes drawing accurate conclusions about trends
in susceptibility/resistance, the results of this limited study
suggest that no currently available topical formulation is
active in vitro against all of the common pathogens. Only
one antibiotic combination, trimethoprim/sulphamethoxa-
zole, was evaluated by us and this agent was not superior to
the single antibiotics tested. In conclusion, we have demons-
trated that bacitracin is the most broad-spectrum agent cur-
rently available in Bangladesh as empirical treatment of
patients with external ocular infections.
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