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Peptide 9 (TDAYNQKLSERRAN) and peptide 10 (NATAEGRAINRRVE) represent surface-exposed epi-
topes of outer membrane protein F of Pseudomonas aeruginosa. Rats immunized with four intramuscular
inoculations on days 0, 14, 28, and 42 with either peptide 9 or peptide 10 conjugated to keyhole limpet
hemocyanin were afforded protection against pulmonary lesions when examined 7 days subsequent to challenge
(day 56) via intratracheal inoculation of P. aeruginosa-containing agar beads. Peptide 9 shares considerable
homology with other OmpA-related outer membrane proteins in various bacteria, whereas peptide 10 displays
little homology with these other proteins. Antisera directed to peptide 9 reacted weakly with cell envelope
proteins from the various other OmpA-associated bacteria upon immunoblot analysis. However, antisera
directed to peptide 10 reacted only with Neisseria gonorrhoeae cell envelope proteins upon immunoblot analysis.
Antisera to both peptides 9 and 10 reacted at minimal titers with whole cells of the various other bacteria in
a whole-cell enzyme-linked immunosorbent assay (ELISA) but antisera to each of the peptides reacted at high
titers when various strains of P. aeruginosa were used as the ELISA antigen. Antibodies to peptides 9 and 10
were protective, reactive to all strains of P. aeruginosa tested except for a protein F-deficient mutant, and
functionally specific against pseudomonads.

Outer membrane (OM) protein F of Pseudomonas aerugi-
nosa has efficacy as a vaccine upon active immunization to
prevent subsequent infections by P. aeruginosa in various ani-
mal models, including a murine acute-infection model (9), a
burned-mouse model (15, 16), and a rat model of chronic
pulmonary infection (3, 5–7). Protection in the chronic pulmo-
nary infection model is of particular significance, since one
potential clinical use of a protein F vaccine is for immunother-
apy of children with cystic fibrosis (CF) to prevent the subse-
quent chronic colonization of their lungs with P. aeruginosa. In
order to obtain a source of OM protein F that would be
suitable for administration to children with CF, we recently
(13) tested 10 synthetic peptides representing regions of com-
puter-predicted antigenicity within mature protein F for their
ability to elicit in immunized mice antibodies reactive with
intact whole cells of heterologous immunotype strains of P.
aeruginosa. Two of these peptides, peptide 9 (corresponding to
amino acid residues 261 to 274 in mature protein F, TDAYN
QKLSERRAN) and peptide 10 (corresponding to amino acid
residues 305 to 318 in mature protein F, NATAEGRAINR
RVE), did elicit whole-cell-reactive antibodies at sufficiently
high titers to suggest they may have potential usefulness as a
synthetic vaccine for P. aeruginosa. Furthermore, antisera to
each of these two synthetic peptides were shown (13) to pos-
sess opsonic activity against wild-type cells of P. aeruginosa,
confirming that antibodies directed against each of these two
peptides have potentially protective capabilities. In this study
we further examine the vaccine potential of peptides 9 and 10.
Peptides 9 and 10 were synthesized and provided as lyoph-

ilized powder by the Peptide Synthesis Unit of the Core Lab-

oratories, Louisiana State University Medical Center Auxiliary
Enterprises (New Orleans), as before (13). Each of the syn-
thetic peptides was conjugated to keyhole limpet hemocyanin
(KLH) (Calbiochem, San Diego, Calif.) as previously de-
scribed (13). To obtain antisera for use in the immunological
assays, 50 5-week-old female specific-pathogen-free ICR mice
(Harlan Sprague Dawley, Inc., Indianapolis, Ind.) were used
per group. The mice were immunized with cross-linked KLH
alone, peptide 9-KLH conjugate, peptide 10-KLH conjugate,
or protein F purified from the PAO1 strain of P. aeruginosa by
gel extraction as described previously (9). For the first two
immunizations (days 0 and 14), each mouse received 0.2 ml of
sterile saline containing either 150 mg of cross-linked KLH, 150
mg of peptide 9-KLH conjugate, 150 mg of peptide 10-KLH
conjugate, or 10 mg of PAO1 protein F, given with aluminum
hydroxide adjuvant (2.5 mg/ml) as described previously (13).
The third and fourth immunizations (days 28 and 42) were
given without adjuvant and consisted of 0.2 ml of sterile saline
containing either 15 mg of cross-linked KLH alone, 15 mg of
peptide 9-KLH conjugate, 15 mg of peptide 10-KLH conjugate,
or 10 mg of the PAO1 protein F preparation. All four immu-
nizing doses were administered intramuscularly into alternate
rear hips. Two weeks after the final immunization (day 56), the
mice were bled by cardiac puncture under sodium pentobar-
bital anesthesia, and the sera obtained were pooled for each
group of mice.
Cell envelopes were prepared from each of the bacterial

strains according to the procedure of Stinnett et al. (19). Pro-
teins were extracted from the cell envelopes and separated by
slab sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis as described by Gilleland and Lyle (8). Western blot-
ting (immunoblotting) was performed as described by Towbin
et al. (20), using the pooled antisera from the four groups of
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mice immunized as described above. In order to better visual-
ize the bands cross-reactive with the antipeptide antisera, an
increased concentration (15 mg) of cell envelope proteins was
loaded onto the SDS-polyacrylamide gel for all strains other
than the P. aeruginosa or Pseudomonas fluorescens strains, for
which 2.5 mg of cell envelope proteins was used.
The enzyme-linked immunosorbent assay (ELISA) was per-

formed as described previously (15), using whole cells of each
strain of bacteria as the antigen (13). Each well of the micro-
titer plate was coated with 100 ml of a bacterial suspension
consisting of approximately 108 cells per ml in phosphate-
buffered saline (PBS), pH 7.2. For theNeisseria andHaemophi-
lus strains, cells were scraped off a chocolate agar plate that
had been incubated overnight at 378C with increased CO2
atmosphere and resuspended in sterile PBS. For all the re-
maining bacterial strains, cells were harvested by centrifuga-
tion during logarithmic growth phase from nutrient broth, and
the pelleted cells were resuspended in PBS. Prior to coating
the wells, the bacterial suspension was incubated at 568C for 30
min. The plates with the coated wells were incubated overnight
at 378C. Antisera from the KLH control group, the peptide
9-KLH conjugate-immunized group, the peptide 10-KLH con-
jugate-immunized group, and the PAO1 protein F-immunized
group were assayed against each of the bacterial strains in this
whole-cell ELISA. For each bacterial strain, two to three as-
says were performed and an average titer was determined.
The strains of P. aeruginosa used included the following: the

PAO1 Fisher-Devlin immunotype 7 strain; the KG1077 strain,
which is a protein F-deficient mutant of the PAO1 strain (10)
obtained from N. Gotoh (Kyoto, Japan); the previously de-
scribed (7, 15) laboratory strains representing Fisher-Devlin
immunotypes 1 through 6; 29 clinical strains isolated from CF
patients (obtained from the Clinical Microbiology Laboratory,
Schumpert Medical Center, Shreveport, La.); and 23 clinical
strains isolated from non-CF patients (obtained from the Clin-
ical Microbiology Laboratory, Louisiana State University Med-
ical Center, Shreveport). The following clinical strains were all
obtained from the Louisiana State University Medical Center
Clinical Microbiology Laboratory: 1 strain of P. fluorescens; 2
strains of Burkholderia (Pseudomonas) cepacia; 10 strains of
Escherichia coli; 3 strains each of Klebsiella pneumoniae, En-
terobacter cloacae, Serratia marcescens, Neisseria gonorrhoeae,
and Haemophilus influenzae; and 2 strains of Salmonella typhi-
murium. All Pseudomonas strains were grown at 308C with
shaking in BBL nutrient broth (Becton-Dickinson Microbiol-
ogy Systems, Cockeysville, Md.) or on nutrient agar (Difco
Laboratories, Detroit, Mich.). All enteric bacilli were grown at
378C with shaking in BBL nutrient broth or on nutrient agar.
N. gonorrhoeae and H. influenzae strains were grown on BBL
chocolate agar at 378C in an increased CO2 atmosphere.
For performance of the rat chronic pulmonary infection

model, the method of Klinger et al. (14) was used with modi-
fications as detailed previously (7). The rats were immunized
on day 0 with 0.5 ml of sterile saline containing either 1,000 mg
of the cross-linked KLH preparation, the peptide 9-KLH con-
jugate, or the peptide 10-KLH conjugate or 25 mg of the PAO1
protein F, each adsorbed to aluminum hydroxide adjuvant. For
adsorption to the aluminum hydroxide adjuvant (13), a con-
centration of 16 mg of aluminum hydroxide per ml was used
for the KLH preparation and the two peptide-KLH prepara-
tions, whereas a concentration of 2.5 mg/ml was used for ad-
sorption of the protein F preparation. On day 14 the rats
received 0.25 ml of sterile saline containing either 500 mg of
the cross-linked KLH preparation, the peptide 9-KLH conju-
gate, or the peptide 10-KLH conjugate or 25 mg of the PAO1
protein F, given with the adjuvant. For the third (day 28) and

fourth (day 42) immunizing doses, the rats received the same
concentrations of the appropriate immunogen used for the
second dose but without the use of the adjuvant. All immuni-
zations were administered intramuscularly into alternate rear
hips. Two weeks after the final immunization (day 56), the rats
were challenged with agar beads containing P. aeruginosa cells
of the Fisher-Devlin immunotype 6 strain. The rats were first
anesthetized with an intraperitoneal injection of sodium pen-
tobarbital and then inoculated via a tracheal incision with 60 ml
of agar bead slurry encasing approximately 5 3 104 CFU of P.
aeruginosa. A curved, beaded-tip 20-gauge needle was gently
guided to favor inoculation of the left lung. The incision was
closed with sterile wound clips. Seven days after challenge (day
63), the rats were sacrificed by an overdose of halothane (Ay-
erst Laboratories, Inc., New York, N.Y.). The lungs were ex-
amined macroscopically for the presence of lesions. Significant
lung pathology was scored as the presence of multiple (three or
more) small lesions not exceeding 1 mm in diameter or the
presence of any medium (2 to 5 mm in diameter) or large
(exceeding 5 mm) lesion. Protection was considered to be the
complete absence of lesions or no more than 1 or 2 small
lesions (not exceeding 1 mm in diameter). Scoring of the pul-
monary lesions was done independently by two investigators
experienced in macroscopic lung lesion scoring. Statistical
analyses of the scoring of the lesions between groups of im-
munized rats were performed with the IBM EpiStat Basic
Statistics Program, with P values calculated by the one-tailed
Fisher exact test. P values #0.05 were considered to be signif-
icant. All animals used in this study were handled in accor-
dance with the guidelines of the Louisiana State University
Medical Center—Shreveport Animal Care and Use Commit-
tee.
We provide the first evidence that each of the peptides can

protect against pulmonary lesions upon active immunization of
rats in the chronic pulmonary infection model (Table 1). When
compared with the control rats immunized with cross-linked
KLH alone, the rats immunized with either peptide 9-KLH
conjugate or peptide 10-KLH conjugate were afforded protec-
tion from significant lung lesions upon challenge with the im-
munotype 6 strain of P. aeruginosa encased within agar beads.
In each case, the protection afforded by the synthetic peptide
was comparable to the protection afforded by purified PAO1
OM protein F itself. In previous studies using this rat model of
chronic pulmonary infection, we have shown that protection
against macroscopic lung lesions is associated both with clear-
ance of P. aeruginosa from the lungs (6, 7) and with the pres-
ervation of pulmonary function in the lungs (3). Thus, we
believe that protection from macroscopic lung lesions is a

TABLE 1. Ability of peptides 9 and 10 to prevent pulmonary
pathology in immunized rats in the chronic

pulmonary infection model

Immunization
group

No. of rats with significant lesions/
total no. of rats (%) P value

Expt 1
KLH 16/24 (66.6)
Protein F 9/24 (37.5) 0.041
Peptide 9 7/23 (30.4) 0.014

Expt 2
KLH 14/21 (66.6)
Protein F 5/25 (20.0) 0.002
Peptide 10 4/23 (17.4) 0.001
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reliable indicator of the protective efficacy of a Pseudomonas
vaccine in this rat model.
OM protein F of P. aeruginosa displays strong homology in

the C-terminal region to various OM proteins from unrelated
species, including OmpA from enteric bacilli in particular (2, 4,
12). These proteins are referred to as the OmpA family of
peptidoglycan-associated proteins, all of which possess a con-
served C-terminal domain but have unrelated N-terminal do-
mains of various sizes (1). This raised the possibility that an-
tibodies directed against peptides 9 and 10 cross-react to a
significant degree with these other bacterial species, an unde-
sirable attribute in any vaccine to be used against P. aeruginosa
infections. There is considerable homology between peptide 9
and the various OmpA-related proteins, as shown in Fig. 1.
The various OmpA proteins in the enteric bacilli and the PIII
protein of N. gonorrhoeae had 9 to 11 amino acid residues
identical to those in the internal 12 amino acid residues of the
peptide 9 14-mer, whereas the H. influenzae P6 and the E. coli
PAL proteins had less homology. The peptide 10 14-mer had
less homology with the various OmpA-related proteins (Fig.
2). Multiple sequence alignment (2, 12) of the various proteins
revealed at most for the S. marcescens OmpA protein 8 resi-
dues identical to those in peptide 10. However, a large inter-
vening sequence separated these residues, with no more than 4
identical residues being contiguous. From the degree of ho-
mology seen between peptides 9 and 10 and the various
OmpA-related proteins, one might predict cross-reaction be-
tween antibodies directed toward peptide 9 with these various
proteins but not between antibodies directed toward peptide
10 with these various proteins. This was the case as shown by
our immunoblot experiments.
By our routine procedure for immunoblotting, we have pre-

viously shown (16) that antisera directed against protein F give
no discernible reaction upon immunoblotting with E. coli cell
envelope proteins. In order to detect cross-reaction with the
various OmpA-related proteins, we loaded the gel with a six-
fold-higher protein concentration for the various other bacte-

ria than for the pseudomonads and extended the color devel-
opment. With these modifications, antibodies to both protein F
and peptide 9 reacted strongly with the cell envelope proteins
of P. aeruginosa and P. fluorescens and reacted more weakly
with the cell envelope proteins of E. coli, S. typhimurium, E.
cloacae, K. pneumoniae, N. gonorrhoeae, andH. influenzae (Fig.
3A and B). Antisera to peptide 9 reacted extremely weakly, if
at all, with S. marcescens cell envelope proteins (Fig. 3B). The
antisera to peptide 10 reacted strongly with the cell envelope
proteins of P. aeruginosa but only reacted weakly with those of
P. fluorescens (Fig. 3C). Of the various OmpA-related proteins
tested, antisera to peptide 10 cross-reacted only with those of
N. gonorrhoeae. None of the three antisera cross-reacted with
B. cepacia. The pattern of cross-reactions observed by immu-
noblot analysis agreed well with predicted cross-reactions
based on homology patterns, i.e., there was extensive cross-
reaction detectable between the various OmpA-related pro-
teins with antibodies directed toward OM protein F or peptide
9 but very little cross-reaction (only N. gonorrhoeae proteins)
with antibodies directed toward peptide 10.
The biological significance of the antibody cross-reactions

seen upon immunoblotting was investigated by ELISA with
whole cells of the various bacterial species as the antigen. The
ability of the antibodies to react with the surface of intact
bacterial cells is a more important property, with more rele-
vance to the role of the antibodies in protecting against P.
aeruginosa infections. The protein F antisera reacted at high
titers with the whole cells of the 7 Fisher-Devlin immunotype
strains, with the 23 clinical strains of P. aeruginosa isolated
from non-CF patients, and with the 29 clinical strains of P.
aeruginosa isolated from CF patients (data not shown). The

FIG. 1. Homology of peptide 9 with OmpA-related proteins in various other
bacteria. Amino acids identical to those of peptide 9 are shown in boldface type
against a shaded background. E. aerogenes, Enterobacter aerogenes.

FIG. 2. Multiple sequence alignment (2, 12) of the C-terminal regions of
various OmpA-related proteins to reveal homology with peptide 10. Amino acids
identical to those of peptide 10 are shown in boldface type against a shaded
background. Dashes represent gaps introduced for optimal alignment. Asterisks
represent amino acid insertions. The insertion in the OmpA S. marcescens
sequence is KS, and the insertion in the N. gonorrhoeae PIII sequence is
GAKASKAKKRE. E. aerogenes, Enterobacter aerogenes.

FIG. 3. Immunoblot analyses of cell envelope proteins extracted from the
various bacteria reacted with antisera directed against P. aeruginosa purified
protein F, peptide 9, or peptide 10. Lanes 1 through 10 contained proteins from
the following bacteria: 1, P. aeruginosa; 2, P. fluorescens; 3, B. cepacia; 4, E. coli;
5, S. marcescens; 6, S. typhimurium; 7, E. cloacae; 8, K. pneumoniae; 9, N.
gonorrhoeae; 10, H. influenzae. (A) Immunoblot with protein F-directed antisera.
(B) Immunoblot with peptide 9-directed antisera. (C) Immunoblot with peptide
10-directed antisera. In each panel, the portion of the immunoblot revealing
proteins in the 30- to 45-kDa range is shown. Note in panel A that anti-protein
F immunoglobulin G antibodies reacted heavily with protein F bands in P.
aeruginosa and P. fluorescens but reacted weakly with bands in lanes 4 to 10 even
though a sixfold-higher protein concentration was loaded in these seven lanes.
No reaction is seen against B. cepacia proteins in lane 3. In panel B, a similar
pattern is seen, i.e., a strong reaction is seen in lanes 1 and 2, no reaction is seen
in lane 3, and weaker reactions are seen in lane 4 and lanes 6 to 10. No reaction
is seen in lane 5 in this case. In panel C, a strong reaction is seen in lane 1 only.
P. fluorescens exhibits a very weak reaction (lane 2) against peptide 10 antisera.
Of the various other bacteria in the OmpA-associated family, only N. gonor-
rhoeae in lane 9 reacted with peptide 10 antisera.
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only P. aeruginosa strain that did not react with the protein F
antisera at a high titer was the protein F-deficient mutant. The
protein F antisera also reacted at a high titer with P. fluorescens
but did not react with B. cepacia. There was no significant titer
of antibodies reactive with most of the various whole cells from
the OmpA-related protein-associated bacteria. Of 11 E. coli
strains, 10 had titers of 0 to 20, with one strain having a titer of
40. None of the strains of S. typhimurium, E. cloacae, K. pneu-
moniae, N. gonorrhoeae, or H. influenzae had a whole-cell re-
active titer of greater than 20. Two of the three strains of S.

marcescens had titers of 120 to 240, the highest titers seen for
the various cross-reactions among the non-Pseudomonas
strains. This same pattern of whole-cell reactivities was seen
with the antisera directed toward peptide 9 (Table 2) and
toward peptide 10 (Table 3). The peptide 9 antisera reacted
with all 59 strains of P. aeruginosa, with titers of 320 or higher.
Of 28 strains of the various non-Pseudomonas strains, 25 re-
acted with titers of 0 to 20, with only 3 strains reacting at titers
of 40 to 60. The peptide 10 antisera reacted with all 59 strains
of P. aeruginosa, with titers of 3,200 or higher. Of 28 strains of

TABLE 2. Titers of immunoglobulin G antibodies in the peptide 9 antisera reactive to whole cells of the various
bacterial strains as determined by ELISA

Bacterial strain
(no. of strains)

No. of strains reactive at indicated titer

0 5–20 40–60 80–240 320–640 960–2,560 3,200–7,680 8,800–$10,240

P. aeruginosa FD1a 1
P. aeruginosa FD2 1
P. aeruginosa FD3 1
P. aeruginosa FD4 1
P. aeruginosa FD5 1
P. aeruginosa FD6 1
P. aeruginosa PAO1 1
P. aeruginosa KG1077b 1
P. aeruginosa (23 non-CF) 2 19 2
P. aeruginosa (29 CF) 16 13
P. fluorescens 1
B. cepacia (2) 2
E. coli K-12 1
E. coli (10 clinical) 5 4 1
S. marcescens (3) 1 1 1
S. typhimurium (2) 1 1
E. cloacae (3) 1 2
K. pneumoniae (3) 2 1
N. gonorrhoeae (3) 2 1
H. influenzae (3) 3

a FD, Fisher-Devlin immunotype.
b P. aeruginosa KG1077 is a protein F-deficient mutant of the PAO1 strain.

TABLE 3. Titers of immunoglobulin G antibodies in the peptide 10 antisera reactive to whole cells of the various
bacterial strains as determined by ELISA.

Bacterial strain
(no. of strains)

No. of strains reactive at indicated titer

0 5–20 40–60 80–240 320–640 960–2,560 3,200–7,680 8,800–$10,240

P. aeruginosa FD1a 1
P. aeruginosa FD2 1
P. aeruginosa FD3 1
P. aeruginosa FD4 1
P. aeruginosa FD5 1
P. aeruginosa FD6 1
P. aeruginosa PAO1 1
P. aeruginosa KG1077b 1
P. aeruginosa (23 non-CF) 12 11
P. aeruginosa (29 CF) 6 23
P. fluorescens 1
B. cepacia (2) 2
E. coli K-12 1
E. coli (10 clinical) 3 6 1
S. marcescens (3) 1 2
S. typhimurium (2) 2
E. cloacae (3) 3
K. pneumoniae (3) 3
N. gonorrhoeae (3) 2 1
H. influenzae (3) 3

a FD, Fisher-Devlin immunotype.
b P. aeruginosa KG1077 is a protein F-deficient mutant of the PAO1 strain.
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the various non-Pseudomonas strains, 25 reacted with titers of
0 to 20, with 1 strain of E. coli reacting with a titer of 40 and 2
strains of S. marcescens reacting at titers of 120 and 160. We
conclude from these ELISA data that the level of cross-react-
ing antibodies would be too low (titers of 60 or less) to provide
protection against infection with any of these various other
bacteria, with the possible exception of some strains of S.
marcescens. Indeed, we have previously shown that immuniza-
tion with protein F cannot afford protection against infection
with E. coli (16). Furthermore, the low level of cross-reaction
with whole cells of these various other bacteria should not
interfere with the high titer of P. aeruginosa-reactive antibodies
to significantly reduce their protective efficacy against P.
aeruginosa infection. This is as expected, especially since the
C-terminal portion of OmpA proteins in enteric bacilli is con-
tained within the periplasmic space and is not surface accessi-
ble to bind antibodies (18). Thus, we believe that peptide 9 and
peptide 10 elicit antibodies that are functionally pseudo-
monad-specific, with the cross-reaction seen with homologous
OmpA-related proteins being too weak in nature to have func-
tional significance.
The reaction of the peptide 9- and peptide 10-directed an-

tibodies with the various Pseudomonas strains requires addi-
tional comment. The antisera of neither peptide reacted with
the protein F-deficient mutant, which is as expected. The an-
tisera of both peptides reacted with P. fluorescens, but neither
reacted with B. cepacia (another important pathogen in CF
patients). Regarding the reaction of the antisera of each pep-
tide with the 59 strains of P. aeruginosa tested, the antisera of
both peptides reacted with all strains. Since all the clinical
isolates, from both CF and non-CF patients, reacted at signif-
icant titers with the antisera of both peptides, there does not
appear to be widespread variability among various strains of P.
aeruginosa at the site of these two epitopes of protein F. Thus,
both peptides 9 and 10 appear to have vaccine potential against
all strains of P. aeruginosa tested.
Both the peptide 9 and the peptide 10 antisera showed the

pattern of reacting at higher titers with the isolates from CF
patients than with the isolates from non-CF patients. For ex-
ample, only 2 of 23 (8.7%) isolates from non-CF patients
reacted with the peptide 9 antisera at titers of 3,200 to 7,680,
whereas 13 of 29 (44.8%) isolates from CF patients reacted at
titers of 3,200 to 7,680. Similarly, only 11 of 23 (47.8%) isolates
from non-CF patients reacted with the peptide 10 antisera at
titers of 8,800 to $10,240, but 23 of 29 (79.3%) isolates from
CF patients reacted at this titer. One possible explanation for
this may be that the isolates from CF patients have lost some
of the O antigens (11, 17), so that protein F becomes more
accessible to antibodies. This observation supports our previ-
ous contention (7) that, theoretically, a protein F-based vac-
cine (such as one containing peptides 9 and 10) should elicit
antibodies that react with P. aeruginosa upon initial coloniza-
tion and which should react even better once the bacterial cells
begin to lose their O antigens to become rough.
In summary, both peptides 9 and 10 appear to have potential

for further development as a vaccine against infections caused
by P. aeruginosa. Each peptide demonstrated the ability to
protect against pulmonary lesions upon challenge with agar-
encased P. aeruginosa in the rat model of chronic lung infec-
tion. Antibodies directed against peptide 9 or 10 reacted at a
high titer with all strains of P. aeruginosa tested but reacted
only quite weakly with the various other bacterial species which
possess OM proteins sharing homology with protein F. Thus,
peptides 9 and 10 each appear to elicit protective antibodies
which are functionally pseudomonad specific.

This work was supported in part by a clinical research grant from the
March of Dimes Birth Defects Foundation and by funds from the
Center for Excellence in Cancer Research, Treatment and Education,
Louisiana State University Medical Center—Shreveport.
We thank Eileen E. Hughes for assistance in the performance of the

experiments using the rat model of chronic lung infection.

REFERENCES

1. DeMot, R., and J. Vanderleyden. 1994. A conserved surface-exposed domain
in major outer membrane proteins of pathogenic Pseudomonas and Branha-
mella species shares sequence homology with the calcium-binding repeats of
the eukaryotic extracellular matrix protein thrombospondin. Mol. Microbiol.
13:379–380.

2. DeMot, R., and J. Vanderleyden. 1994. The C-terminal sequence conservation
between OmpA-related outer membrane proteins and MotB suggests a com-
mon function in both gram-positive and gram-negative bacteria, possibly in the
interaction of these domains with peptidoglycan. Mol. Microbiol. 12:333–334.

3. Fox, C. W., G. D. Campbell, Jr., W. M. Anderson, J. H. Zavecz, L. B.
Gilleland, and H. E. Gilleland, Jr. 1994. Preservation of pulmonary function
by an outer membrane protein F vaccine: a study in rats with chronic
pulmonary infection caused by Pseudomonas aeruginosa. Chest 105:1545–1550.

4. Gentry-Weeks, C. R., A.-L. Hultsch, S. M. Kelly, J. M. Keith, and R. Curtiss
III. 1992. Cloning and sequencing of a gene encoding a 21-kilodalton outer
membrane protein from Bordetella avium and expression of the gene in
Salmonella typhimurium. J. Bacteriol. 174:7729–7742.

5. Gilleland, H. E., L. B. Gilleland, and M. R. Fowler. 1993. Vaccine efficacies
of elastase, exotoxin A, and outer membrane protein F in preventing chronic
pulmonary infection by Pseudomonas aeruginosa in a rat model. J. Med.
Microbiol. 38:79–86.

6. Gilleland, H. E., Jr., L. B. Gilleland, E. E. Hughes, and J. M. Matthews-
Greer. 1992. Recombinant outer membrane protein F of Pseudomonas
aeruginosa elicits antibodies that mediate opsonophagocytic killing, but not
complement-mediated bacteriolysis, of various strains of P. aeruginosa. Curr.
Microbiol. 24:1–7.

7. Gilleland, H. E., Jr., L. B. Gilleland, and J. M. Matthews-Greer. 1988. Outer
membrane protein F preparation of Pseudomonas aeruginosa as a vaccine
against chronic pulmonary infection with heterologous immunotype strains
in a rat model. Infect. Immun. 56:1017–1022.

8. Gilleland, H. E., Jr., and R. D. Lyle. 1979. Chemical alterations in cell
envelopes of polymyxin-resistant Pseudomonas aeruginosa isolates. J. Bacte-
riol. 138:839–845.

9. Gilleland, H. E., Jr., M. G. Parker, J. M. Matthews, and R. D. Berg. 1984.
Use of a purified outer membrane protein F (porin) preparation of Pseudo-
monas aeruginosa as a protective vaccine in mice. Infect. Immun. 44:49–54.

10. Gotoh, N., H. Wakebe, E. Yoshihara, T. Nakae, and T. Nishino. 1989. Role
of protein F in maintaining structural integrity of the Pseudomonas aerugi-
nosa outer membrane. J. Bacteriol. 171:983–990.

11. Hancock, R. E. W., L. M. Mutharia, L. Chan, R. P. Darveau, D. P. Speert,
and G. B. Pier. 1983. Pseudomonas aeruginosa isolates from patients with
cystic fibrosis: a class of serum-sensitive, nontypable strains deficient in
lipopolysaccharide O side chains. Infect. Immun. 42:170–177.

12. Hardham, J. M., and L. V. Stamm. 1994. Identification and characterization
of the Treponema pallidum tpn50 gene, an ompA homolog. Infect. Immun.
62:1015–1025.

13. Hughes, E. E., L. B. Gilleland, and H. E. Gilleland, Jr. 1992. Synthetic
peptides representing epitopes of outer membrane protein F of Pseudomo-
nas aeruginosa that elicit antibodies reactive with whole cells of heterologous
immunotype strains of P. aeruginosa. Infect. Immun. 60:3497–3503.

14. Klinger, J. D., H. A. Cash, R. E. Wood, and J. J. Miler. 1983. Protective
immunization against chronic Pseudomonas aeruginosa pulmonary infections
in rats. Infect. Immun. 39:1377–1384.

15. Matthews-Greer, J. M., and H. E. Gilleland, Jr. 1987. Outer membrane
protein F (porin) preparation of Pseudomonas aeruginosa as a protective
vaccine against heterologous immunotype strains in a burned mouse model.
J. Infect. Dis. 155:1282–1291.

16. Matthews-Greer, J. M., D. E. Robertson, L. B. Gilleland, and H. E. Gille-
land, Jr. 1990. Pseudomonas aeruginosa outer membrane protein F produced
in Escherichia coli retains vaccine efficacy. Curr. Microbiol. 20:171–175.

17. Pier, G. B., D. DesJardins, T. Aguilar, M. Barnard, and D. P. Speert. 1986.
Polysaccharide surface antigens expressed by nonmucoid isolates of Pseudo-
monas aeruginosa from cystic fibrosis patients. J. Clin. Microbiol. 24:189–196.

18. Ried, G., R. Koebnik, I. Hindennach, B. Mutschler, and U. Henning. 1994.
Membrane topology and assembly of the outer membrane protein OmpA of
Escherichia coli K12. Mol. Gen. Genet. 243:127–135.

19. Stinnett, J. D., H. E. Gilleland, Jr., and R. G. Eagon. 1973. Proteins released
from cell envelopes of Pseudomonas aeruginosa on exposure to ethylenedia-
minetetraacetate: comparison with dimethylformamide-extractable proteins.
J. Bacteriol. 114:399–407.

20. Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets: procedure and
some applications. Proc. Natl. Acad. Sci. USA 76:4350–4354.

VOL. 63, 1995 NOTES 2351


