
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0211114A1 

Hodges et al. 

US 20030211114A1 

(43) Pub. Date: Nov. 13, 2003 

(54) 

(76) 

(21) 

(22) 

(63) 

(60) 

WACCINE FOR PSEUDOMONAS 
AERUGINOSA 

Inventors: Robert S. Hodges, Edmonton (CA); 
Randall T. Irvin, Sherwood Park (CA); 
Paul J. Cachia, Edmonton (CA) 

Correspondence Address: 
BELL, BOYD & LLOYD LLC 
P.O. BOX 1135 
Chicago, IL 60690-1135 (US) 

Appl. No.: 10/341,775 

Filed: Jan. 14, 2003 

Related U.S. Application Data 

Continuation of application No. 09/345,624, filed on 
Jun. 30, 1999, now Pat. No. 6,541,007, which is a 
continuation of application No. 09/306,241, filed on 
May 6, 1999, now abandoned. 

Provisional application No. 60/084,444, filed on May 
6, 1998. 

Publication Classification 

(51) Int. Cl." .......................... A61K 39/00; A61K 39/38 

(52) U.S. Cl. .......................................................... 424,184.1 

(57) ABSTRACT 

A C-terminal pilin peptide vaccine for immunizing or treat 
ing a patient for infection by a Pseudomonas aeruginosa 
(PA) infection is disclosed. The peptide comprises the pep 
tide identified as SEQ ID NOS. 3-6, and a carrier protein 
conjugated to the peptide. Also disclosed is a pilin peptide 
C-terminal PA pilin peptide having the amino acid Sequence 
identified as SEQ ID NO:3, and analogs thereof having one 
of residues T, K, or A at position 130, D, T, or N at position 
132, Q, A, or V at position 133, E, P, N, or A at position 135, 
Q, M, or K at position 136, and I, T, L, or R at position 138, 
excluding SEQ ID NOS: 1, 2, 9, 10, and 11, and the ability 
to croSS-react with antibodies against the corresponding 
C-terminal peptides from PA strains PAK and PAO. 
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OH PAK EEE PAO AC A C K S T Q D F T P K G C D N OH 

CS1 Ac K C (3) S D Q D GP) Q F I P K G C S K OH 

CS2 Ac K C T S () Q D GP) Q F I P K G C S K OH 

CS3 Ac K C T S (DQ DOP) Q F T P K G C S K OH 

CS4 Ac K C (8) S () oD E (2) F(E) P K G C S K OH 
E135A Ac K C T S D Q D (a) Q F I P K G C S K OH 

E135P Ac K C T S D Q D (P) Q F I P K G C S K OH 

Fig. 1 
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WACCINE FOR PSEUDOMONAS AERUGINOSA 

0001. The present application claims priority to U.S. 
provisional application 60/084,444, filed May 6, 1998, and 
U.S. patent application Ser. No. 09/306,241, filed May 6, 
1999, which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a vaccine for 
Pseudomonas aeruginosa, and in particular to novel Vaccine 
peptides. 
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BACKGROUND OF THE INVENTION 

0.053 Pseudomonas aeruginosa is a serious opportunistic 
gram-negative bacterial pathogen which can cause fatal 
infections in immunocompromised and immunosuppressed 
patients 1-4). The first step in the infection process is the 
attachment to the host cell. This attachment is mediated by 
pili on the surface of the bacterium 2, 5, 6). P. aeruginosa 
uses Several adhesins to mediate attachment to mucosal 
Surfaces, but analysis of the binding properties of the adhes 
ins 1, 7, 8 and binding competition studies 9 indicate that 
the pilus is the dominant adhesin responsible for initiating 
infections 1. 
0.054 P. aeruginosa pili are polarly located, with a struc 
ture resembling a hollow tube of 5.2 nm in outer diameter, 
1.2 nm in central channel diameter, and an average length of 
2.5 um 10-12). The pilus of P. aeruginosa is composed of 
multiple copies of a 13-17 kDa monomeric protein subunit 
called pilin. The C-terminal region of the pilin monomer 
contains the epithelial cell binding domain 5, 12 and is 
Semiconserved in Seven different Strains of this bacterium 
13, 14. This semiconserved region has also been shown to 
bind to a minimal Structural carbohydrate receptor Sequence, 
f-GalNAc(1-4)?Gal, found in glycosphingolipids, specifi 
cally asialo-GM1 and asialo-GM215, 16. Furthermore, the 
C-terminal disulfide-bridged 17-residue region of the PAK 
pilin is known to be important in raising antibodies that 
block binding of both bacteria or their pili to epithelial cells 
6, 17, 18. Both monoclonal antisera generated from P 
aeruginosa pili or polyclonal antisera generated from Syn 
thetic peptides representing the receptor binding domain of 
the pathogen have been shown to be efficacious in prevent 
ing infection (19). 
0.055 Different types of Pseudomonas aeruginosa immu 
nogens have been tried or are under development as vac 
cines. These include lipopolysaccharides 20-22), polysac 
charide 23, polysaccharide conjugate 24), Outer 
membrane protein 25, 26, mucoid exopolysaccharide 27, 
flagella28, 29), protease 30, elastase 31), exotoxin A31, 
32, and lipoprotein I 33). alternate to these approaches to 
vaccination against P. aeruginosa could employ a multiva 
lent pili Vaccine. However, a potential problem exists in this 
approach: inhibition of the immune response to one antigen 
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or determinant by the administration of another antigen or 
determinant. This phenomenon, termed antigenic competi 
tion 34, leads to the reduction of antibody production and 
has been shown to occur between chemically related and 
unrelated antigens and also between associated and non 
asSociated antigenic determinants. An example of this type 
of competition has been reported by Hunt and coworkers 
35, 36 in the development of a multivalent pili vaccine 
against Ovine footrot. In this case, antigenic competition 
occurs between the nine pili Serotypes of the bacterium 
Dichelobacter nodoSuS that are required in a vaccine for 
complete protection against the disease. These results Sug 
gested that a cocktail or multicomponent vaccine composed 
of Synthetic peptide immunogens representing the known 
Strains of Pseudomonas aeruginosa pili may be problematic. 

SUMMARY OF THE INVENTION 

0056. The invention includes a peptide vaccine for immu 
nizing or treating a patient for infection by a Pseudomonas 
aeruginosa (PA) infection. The invention comprises (i) the 
peptide identified as SEQ ID NOS. 3-6; and (ii) a carrier 
protein conjugated to the peptide. 
0057 The peptide vaccine is useful in protecting a sub 
ject against Pseudomonas infection, by administering the 
vaccine to the Subject, also in accordance with the invention. 
0058. In another aspect, the invention includes a C-ter 
minal PA pilin peptide having the amino acid Sequence 
identified as SEQ ID NO:3, and analogs thereof having one 
of residues T, K, or A at position 130, D, T, or Nat position 
132, Q, A, or V at position 133, E, P, N, or A at position 135, 
Q, M, or K at position 136, and I, T, L, or R at position 138, 
excluding SEQ ID NOS: 1, 2, 9, 10, and 11. The claimed 
peptide is also characterized by its ability to croSS-react with 
antibodies against the corresponding C-terminal peptides 
from PA strains PAK and PAO, preferably also against 
antibodies Specific against a C-terminal peptide from PA 
strains CD4, K122, or KB7. 
0059. In still another aspect, the invention includes a 
method of Selecting a peptide for use in a vaccine against 
Pseudomonas aeruginosa. The method includes the Steps of 
(i) constructing a library of 1296 C-terminal peptides having 
the amino acid sequence identified as SEQ ID NO:3, and 
analogs thereof having one of residues T, K, or A at position 
130, D, T, or N at position 132, Q, A, or V at position 133, 
E, P, N, or A at position 135, Q, M, or Kat position 136, and 
1, T, L, or R at position 138, and (ii) Selecting library 
members which are croSS-reactive with croSS-react with 
antibodies against the corresponding C-terminal peptides 
from PA strains PAK, PAO. 
0060. These and other objects and features of the inven 
tion will become more fully apparent when the following 
detailed description of the invention is read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0061 FIG. 1 shows the native sequences PAK (SEQ ID 
NO: 1) and PAO (SEQ ID NO: 2), and the sequences of six 
PAK-peptide analogs, identified as CS1 (SEQ ID NO:3); 
CS2 (SEQ ID NO: 4); CS3 (SEQ ID NO: 5); CS4 (SEQ ID 
NO: 6); E135A (SEQ ID NO: 7); and E135P (SEQ ID NO: 
8), where the amino acid variations with the PAK-peptide 
Sequence in the Six analogs are indicated by circles, 
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0.062 FIG.2 shows survival times of animals immunized 
with the E135A antigen (SEQ ID NO: 7), after challenge 
with PAOwt; 

0.063 FIG.3 shows survival times of animals immunized 
with the CS2 (double mutant) (SEQID NO: 4), PAO (SEID 
NO: 2) or PAK (SEQID NO: 1) peptide, after challenge with 
PAOwt; 

0.064 FIG. 4 shows survival times of animals immunized 
with the CS1 (SEQ ID NO:3), CS2 (SEQID NO: 4), or CS3 
(SEQ ID NO: 5) peptide, after challenge with P1wt; 
0065 FIG. 5 shows survival times of animals immunized 
with the CS4 (SEQ ID NO: 6) peptide, after challenge with 
P1 wit: 

0.066 FIG. 6 shows survival times of animals immunized 
with the CS1 (SEQ ID NO:3), CS2 (SEQ ID NO: 4), or 
EXO-S peptide, after challenge with KB7; 

0067 FIG. 7 shows survival times of animals immunized 
with the with the CS2 (SEQID NO: 4), PAO (SEID NO: 2) 
or PAK (SEQ ID NO: 1) peptide, after challenge with 
PAKwt; 

0068 FIG. 8 are competition ELISA plots of the native 
peptides (PAK, PAO, KB7 and P1) required to achieve 50% 
inhibition of antibody binding to PAK pili in the presence of 
antisera E135A, CS1, and PAK, where the column represent 
the peptide antigens (E135A, CS1, and PAK) to which the 
antisera were generated; 

0069 FIG. 9 shows consensus and amino acid variations 
among in the C-terminal region peptides in five Strains of 
PA; 

0070 FIG. 10 shows the sequences of the C-terminal cell 
surface binding domains of three PA strains P1, 492C, and 
TBOU1; 

0071 FIG. 11 shows the sequences of the C-terminal cell 
Surface binding domains of four Pseudomonas aeruginosa 
pilin strains PAK, PAO, KB7 and P1 together with the 
sequences of three PAK analogues I138A, E135P and 
E135A; and 

0072 FIG. 12 are competition ELISA plots of the native 
peptides (PAK, PAO, KB7 and P1) required to achieve 50% 
inhibition of antibody binding to PAK pili in the presence of 
antisera 17-R1, 17-O1, E135A, E135P and I138A, where the 
open columns represent the peptide antigens (I138A, E135P 
and E135A) to which the antisera I138A, E135P and E135A 
were generated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0073. Overview of Results 
0.074. Initially, the cross-reactivity of the native sequence 
PAK (FIG. 1; SEQ ID NO: 1) when it was used as 
immunogens in rabbits was examined. Polyclonal Serum 
from this immunogen was Studied using competition 
ELISA. The results demonstrated that this antiserum was 
cross-reactive with the native PAO sequence (SEQ ID NO: 
2) in the presence of native PAK sequence on plates coated 
with PAK strain pili. This cross-reactivity did not extend to 
other strains tested (i.e. KB7 and P1). 
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0075 Initially, position 135 in the PAK sequence was 
chosen as a mutation site for increasing croSS-reactivity, and 
proline from the homologous position in the native PAO 
sequence was used at position 135 in the native PAK 
backbone (FIG. 1, E135P, SEQ ID NO: 8). Competition 
results indicated that the antiserum raised to this immunogen 
was less croSS-reactive than native PAK antiserum and was 
not cross-reactive with any of the other Strains tested (i.e. 
KB7 and P1). 
0076 A Second Single mutant Sequence was also con 
structed which contained alanine at position 135 (FIG. 1; 
E135A, SEQ ID NO: 7). This mutant contained the homolo 
gous residue, alanine, from position 135 in Strain KB7 at 
position 135 in the PAK backbone. This sequence was found 
to generate antiserum which was as cross-reactive as native 
PAK sequence with PAO. Furthermore, this cross-reactivity 
was more broadly based than that of native PAK sequence; 
cross-reactivity was found against strains PAO, KB7 and P1. 
In PAOwt challenge experiments (FIG. 2), E135A immu 
nization demonstrated enhanced Survival time in a mouse 
model. 

0077. A double mutant (FIG. 1; CS2, SEQ ID NO: 4) 
(D132T, E135P)) was also synthesized. Results obtained 
from competition ELISA demonstrate that polyclonal anti 
serum raised in rabbits to the double mutant had enhanced 
cross-reactivity to PAO over that demonstrated by PAK. 
Furthermore, PAOwt challenge experiments demonstrated 
(FIG.3) complete protection against challenge with PAOwt. 
0078 FIG. 1 shows the native sequences PAK and PAO 
(residues 128-144), the Single mutant sequences E135A, 
E135P and the multiple mutations indicated as CS1 (SEQID 
NO:3, CS2 (SEQ ID NO: 4, CS3 (SEQ ID NO:5), and CS4 
(SEQ ID NO: 6). The figure is designed to highlight the 
differences between the various sequences (boxed residues). 
For instance, there are eight differences between the native 
sequences PAK and PAO. There is only one difference 
between PAK and E135A and eight differences between 
E135A and PAO, yet the peptide E135A generates antiserum 
which shows enhanced cross-reactivity to PAO and 
enhanced survival time in challenge from PAOwt (FIG. 2). 
In contrast, E135P has seven differences compared to PAO 
and only one difference compared to PAK, yet the peptide 
generates antiserum which is Strain specific for PAK and is 
less cross-reactive to PAO than PAK peptide. The double 
mutant CS2 has six differences with respect to PAO and two 
differences with respect to PAK. The antiserum provides 
complete protection to challenge from PAOwt (FIG. 3). 
0079 Similar vaccination methods demonstrated that 
CS1, CS2, and CS3 all provided a high level of protection 
against infection in animals challenged with P1 (FIG. 4); 
that CS4 provided good protection against animals also 
challenged with P1 (FIG. 5); that CS1 provided good 
protection against infection in animals challenged with KB, 
(FIG. 6); and that CS2 provided a very high level of 
protection in animals challenged with PAK. 

0080 FIG. 9 describes 5 sequences of the C-terminal 
peptides from P. aeruginosa. These Sequences from the 
protein Pilin encompass the binding domain responsible for 
attachment to the host cell Surface receptors. The peptides 
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are 14-residues in length and contain disulfide-bridges 
between the cysteine residues at positions 129 and 142. The 
boxed regions define homologous positions in the 5 
Sequences which are the most variable in amino acid com 
position and contain 3 to 4 different amino acid variants 
across the 5 strains (see FIG.9 positions 130, 132, 133, 135, 
136 and 138). Other positions in these sequences contain the 
same amino acid in a position (i.e. position 139 contains 
proline) or have only 1 amino acid different across the 5 
Strains (i.e. position 137 contains the residues phenylalanine 
and tyrosine). The peptide library containing all possible 
variants of the PAK sequence in the boxed positions would 
contain 1296 (3x3x3x4x3x4) peptides including the native 
PAK sequence itself, excluding any residues in these 6 
positions that are not found in the five strains. Two of these 
Sequences, the Single mutant E135A and the multiple 
mutants CS1, CS2, CS3, and CS4 provide cross-protection 
against various P. aeruginoSa Strains challenged in the 
mouse model (FIGS. 2-7). The emphasis has been on 
residues between the positions 129 and 142 because, to date, 
all epitopes that have been mapped, in both polyclonal and 
monoclonal antibodies raised to larger C-terminal fragments 
containing this region, show that the epitopes lie within the 
loop Structure. 
0081 FIG. 10 contains the sequences of 3 other native 
PA C-terminal sequences (P1, SEQ ID NO: 12,492C, SEQ 
ID NO: 13, and TBOU1 (SEQ ID NO: 14) that contain larger 
loops than the 5 shown in FIG. 9. Complete protection will 
only be achieved if mutant sequence(s) should cross-react 
with these Sequences. 

0082) Detailed Studies 
0.083 Previously, native polyclonal antisera (17-O1), 
raised against the native PAK C-terminal pilin Synthetic 
Sequence containing the intrachain disulfide bridge (AcPAK 
(128-144)OH) was shown to be cross-reactive with synthetic 
peptide (AcPAO (128-144)OH) and pilin from strain PAO 
6, 18, 41, a result confirmed herein. Epitope mapping 
Studies using Single alanine Substitution analogs of the PAK 
Sequence were performed to determine the Side-chain Speci 
ficity of antisera raised to the reduced and disulfide-bridged 
(oxidized) immunogens. 
0084. The relative importance of each of the residues in 
the epitopic region is based on the analysis of the apparent 
binding constants (Ka). The Ka's at each position for both 
the native sequence (KN) and the single alanine Substitution 
analogue (Ks) are displayed as the ratio KN/Ks (Table 1). 
0085. The side-chains are divided into three types based 
on the KN/Ks ratios: critical, important and nonessential to 
antibody binding. A critical side-chain is one in which 
Substitution by alanine decreases binding affinity more than 
1,000-fold as compared to the native sequence. On the other 
hand, if the decrease in binding affinity is less than 10-fold, 
the Side-chain is considered as nonessential. Side-chains 
whose contribution falls between these two extremes are 
defined as important. In antiserum 17-R1 the analysis 
reveals that the residues in positions 132, 134 to 136, 138 
and 139 of oxidized AcPAK(128-144)OH are important to 
binding this native PAK peptide structure. Residue F137 is 
particularly critical for antibody binding as shown by the 
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more than 10,000-fold decrease in binding affinity which 
occurs when phenylalanine is Substituted by alanine in the 
native PAK sequence (Table 1; column, 17-R1; row, 
F137A). Antiserum 17-O1, raised to oxidized AcPAK(128 
144)OH, has three residues at positions 134, 136 and 137 
which are all classified as critical to antibody binding to 
native oxidized PAK peptide (Boxed residues; Table 1). In 
fact, antiserum raised to the analogue F137A, conjugated to 
Keyhole Limpet Haemocyanin, fails to bind native PAK pili 
indicating the importance of this side-chain, in the peptide 
immunogen, for maintaining recognition of the native pilin 
protein 42, 43). Previous NMR studies on the conformation 
of the native immunogen showed that F137 is buried in the 
hydrophobic core of the folded peptide. 

0086 The position of F137 is critical for maintaining 
conformation of the immunogen and therefore critical to 
generating antiserum that recognizes the native Sequence 
39). Furthermore, D134A and Q136A peptides bind to the 
two antisera 17-R1 and 17-O1 with dramatically different 
affinities (D134A binds 10-fold weaker to antiserum 17-R1 
but 1600-fold weaker to antiserum 17-O1 and Q136A binds 
390-fold weaker to antiserum 17-R1 compared to 3200-fold 
weaker to antiserum 17-O1 relative to the native PAK 
peptides). While positions 133 and 139 have maintained an 
important role in antibody binding (10<KN/Ks<1000) in 
antiserum 17-O1, positions 132, 135 and 138 have become 
unimportant to antibody binding (KN/Ks<10). This Suggests 
that the oxidation of the peptide (formation of the disulfide 
bridge) in the immunogen results in a change in conforma 
tion that redefines residues critical to antibody binding to the 
native PAK peptide sequence. In other words, the disulfide 
bridge in the immunogen changes the Side-chain specificity 
and enhances cross-reactivity of the resulting antisera (Table 
1, KAk/KPA ratioS of antisera 17-R1 and 17-O1 are 4,400 
vs 1,270, respectively). 

0087. Ideally, it is desired to have the cross-reactivity 
ratio between PAK and any other Strain to approach unity. AS 
a starting point, peptide antigens were constructed by Sub 
Stituting out Side-chains important for Strain-Specificity but 
unimportant for croSS-reactivity. For example, peptide 
E135A binds 480-fold weaker to strain-specific antiserum 
17-R1 than the native peptide while E135A binds only 
2-fold weaker to the more cross-reactive antiserum 17-O1. 
Thus, E135 seems important for strain-specificity but as the 
antiserum becomes more croSS-reactive E135 becomes 
unimportant. 

0088. Initially, two peptide immunogens with single ala 
nine substitutions at positions 135 and 138 were prepared. In 
addition, in order to specifically enhance croSS-reactivity to 
strain PAO, a proline analogue at position 135 of the PAK 
Sequence was Synthesized. Proline was chosen because it is 
found in the corresponding position in the PAO native 
Sequence. Since position E135 in the native PAK sequence 
was non-essential for binding to antiserum 17-O1, Substitu 
tion of this residue by proline should enhance cross-reac 
tivity of the antiserum prepared against the immunogen 
E135P. 
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0089. The epitopes recognized by these antibodies pre 
pared to the disulfide bridged peptides E135A, E135P and 
I138A were mapped by competitive ELISA assays using 
AcPAK(128-144)OH single alanine replacement analogs 
(Table 1; column, PEPTIDE) as competitive inhibitors in the 
presence of PAK native peptide on plates coated with PAK 
pili. The results of the substitution analyses show that the 
epitope (Table 1) recognized by each of these antisera spans 
the residues 132 to 140 in the native sequence AcPAK(128 
144)OH similar to antisera 17-R1 and 17-O1 previously 
reported 43). Analysis of the KN/Ks ratios, for each of these 
antisera, indicates that the importance of the individual 
residues has changed when compared to antiserum 17-O1. 
For example, dramatic changes occur in antisera I138A and 
E135P. In antiserum I138A the most critical residue for 
antigen binding is Q133. The previously critical residue in 
antiserum 17-O1, F137, is now unimportant to antigen 
binding. In antiserum E135P the residues critical for antigen 
binding are Q136 and K140. Similarly, the importance of 
F137 is dramatically reduced compared to antiserum 17-O1. 
Examination of the results for antiserum E135A reveals that 
deletion of the glutamic acid Side-chain at position 135 and 
its replacement by the methyl group of alanine has not 
affected the antibodies affinity for this analogue (KN/Ks=1) 
in comparison to the native PAK sequence. Therefore E135 
is considered unimportant to antibody affinity. Furthermore, 
the analysis of croSS-reactivity shows that the antiserum 
E135A exhibits similar cross-reaction with native PAO pilin 
Sequence (Table 1; compare Krak/Kpao ratios for 17-O1 
and E135A; 1,270 and 1,350, respectively). 

0090 Interestingly, the antiserum E135A has an 
increased affinity (-3-fold) for both PAK and PAO native 
peptide sequences (Table 2; row, E135A; columns, PAK and 
PAO; +3.2 and +3.0, respectively). As for other side-chain 
effects in the epitopic region, changes have occurred most 
noticeably in the KN/Ks values observed for positions Q133 
(Table 1; column, E135A, row, Q133A). In antiserum 
E135A, the KN/Ks value has increased by a factor of 40-fold 
to a value of 830 in comparison to the value of 20 found in 
antiserum 17-O1. 

0091. The effect on residues Q136 and F137 are less 
pronounced yet remain large. The KN/Ks value for Q136 is 
reduced by a factor of approximately 6-fold while the value 
asSociated with F137 indicates a change however the precise 
magnitude is undetermined (Table 1, compare columns, 
17-O1 and E135A; rows, Q136A; KN/Ks=3,200 and 520 
and F137A; KN/Ks=>10,000 and >4,800, respectively). 
Q136 and F137 remain important and critical to binding. 
Analysis of residue D134 shows that the result of substitu 
tion of alanine at position 135 has had little effect on the 
critical nature of this side-chain (Table 1, compare columns, 
17-O1 and E135A; row, D134A; KN/Ks = 1,600 and 1,200, 
respectively). 

0092 Finally, the result of the alanine substitution at 
position 135 has generally increased the importance of 
residues Q133, I138 and P139 to antiserum binding. The 
overall assessment of this Substitution Suggests that it has 
caused changes throughout the epitope which have 
decreased the contributions of Some of the critical residues, 
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namely Q136, but raised the contribution to antiserum 
binding of less critical but important residues, Q133, I138 
and P139. 

0093. In summary, the results show that the epitopic 
region is similar in all the antisera 17-R1, 17-O1, E135A, 
I138A and E135P but side-chain specificities vary. These 
results demonstrate that it is possible to manipulate epitopic 
Sequences by Single amino acid mutation in the immunogen 
and retain binding affinity to the native antigen of the same 
order of magnitude as that of the native antiserum (Table 2, 
column PAK) and that the side-chain specificities observed 
are different in each of the antisera tested (Table 1). 
0094) Comparison of the Cross-Reactivity of the Differ 
ent Antisera. 

0095. In this analysis, the cross-reactivity of five antisera 
was studied on microtiter plates coated with native PAK 
Strain pili (Table 2). Competition assays were performed 
using Synthetic peptides Specifically representing the 
homologous C-terminal regions of each of four P. aerugi 
nosa strains AcPAK(128-144)OH, AcPAO(128-144)OH, 
AcKB7(128-144)OH and AcP1(126-148)OH) or the corre 
sponding analogs of AcPAK(128-144)OH. By plotting the 
I50 values of the four strain specific synthetic peptides 
(strains PAK, PAO, KB7 and P1) and the analogs in separate 
competition assays with the antisera (FIG. 12 and Table 2), 
the cross-reactivity of the antisera to the different Strains is 
evaluated. ASSays included the native PAK pilin Sequence 
AcPAK(128-144)OH as a control. Antisera E135P, I138A 
and E135A were all generated to Synthetic peptide antigens. 

0096. Examination of the results from antisera 17-R1 and 
17-O1 indicates that formation of the disulfide bridge 
between residues 129 and 142 decreases the KAK/KPAo 
ratio and therefore is important for cross-reactivity to PAO 
Strain (Table 1, Krak/Ka=4,400 and 1,270, respectively). 
Examination of the Iso values of 17-O1 and 17-R1 (Table 2) 
shows that these two antisera have similar affinities for PAK 
(0.19 and 0.23 10 M, respectively) while the affinity of 
antiserum 17-O1 is 4-fold higher for PAO (241 and 1,014 
10' M, respectively). 

0097 Cross-reactivity to PAO was also examined in the 
other antisera: E135A, I138A and E135P. The results shown 
in Tables 1 and 2 demonstrate that antiserum E135A is 
cross-reactive to PAK and PAO and the magnitude of this 
cross-reactivity is equivalent to that of 17-O1 (KPAK/KPAo 
1,350). However, the Is values (FIG. 12 and Table 2) of 
both peptides, PAK and PAO, for antiserum E135A 
increased by a factor of 3-fold over that of antiserum 17-O1 
(I; PAK, 0.06 vs 0.19 10 M; PAO, 81 vs 241 10 M, 
respectively). Antiserum I138A was also analyzed for cross 
reactivity to PAK and PAO. The affinity for PAK remained 
similar to that of 17-O1 (Table 2, Iso. 0.13 vs 0.1910, M for 
I138A and 17-O1, respectively) while that of PAO is reduced 
about 4-fold (Table 2, Iso. 909 vs 241 10 M for I138A and 
17-O1, respectively). Therefore, antiserum I138A is about 
6-fold less cross-reactive than 17-O1 (Table 1, Krak/Ka= 
7000 vs 1,270). 
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0098. A proline residue occupies position 135 of the 
native PAO sequence (FIG. 1). Since position 135 in the 
native PAK sequence was not critical to PAK/PAO cross 
reactivity (Table 1; columns 17-O1 and E135A, row Krak/ 
K=1,270 VS 1,350, respectively) we reasoned that an 
immunogen containing an E135P Substitution in the native 
PAK sequence (AcPAK(128-144)OH) might generate anti 
serum with an enhanced cross-reactivity to PAO. Peptide 
E135P was synthesized, antiserum was generated in rabbits 
and cross-reactivity to PAK and PAO was evaluated as 
before. The results show (Table 2 and FIG. 12) that the 
affinity for PAK has decreased by about a factor of 2 (0.41 
vs 0.19 10 M for E135P and 17-O1, respectively) and the 
affinity for PAO has decreased approximately 20-fold com 
pared to antiserum 17-O1 (4,751 vs 241 10 M for E135P 
and 17-O1, respectively). These results show that the proline 
substitution at position 135 in the native PAK sequence has 
Significantly decreased the affinity of the homologous anti 
serum (E135P) for the native PAO sequence which in turn 
has greatly decreased the antiserum's cross-reactivity (Table 
1, KAK/K-1 1,600 VS 1,270) rather than increased it. In 
effect, the substitution of proline in the native PAK sequence 
at position 135 has resulted in the production of antiserum 
which is highly specific for native PAK peptide in the 
presence of native PAO peptide while the affinity for native 
PAK peptide has been lowered by approximately 2-fold 
(Table 2; row E135P; columns PAK and PAO). 
0099 The cross-reactivities to native peptide sequences 
KB7 and P1 were also studied in all the antisera. A summary 
of the results is found in FIG. 12 and Table 2. These data 
show that, although 17-O1 does exhibit cross-reactivity to 
native PAO sequence, the antisera 17-R1 and 17-O1 do not 
exhibit broad cross-reactivity as judged by their affinities for 
the other heterologous peptides from strains P1 and KB7. In 
addition, antisera I138A, E135A and E135P were examined 
for their affinity for their respective immunogens (Table 2: 
column, Antigen Iso). In each case the antisera demonstrate 
high affinity and cross-reactivity for both the native PAK 
Sequence and the analogs used to generate the antisera 
(Table 2 and FIG. 12). As for cross-reactivity to the heter 
ologous strains, PAO, P1 and KB7, only antiserum E135A 
exhibits broad croSS-reactivity with Iso values in the range 
10-5M to 10-8M (0.06,81,22 and 410 M for PAK, PAO, 
KB7 and P1, respectively, FIG. 12 and Table 2). Not only 
is the antiserum croSS-reactive but this croSS-reactivity is 
significantly enhanced to peptides from strains KB7 and P1 
in comparison to the native antiserum 17-O1 and to all the 
other antisera tested. For example, the affinity of antiserum 
E135A for peptides PAK and PAO has increased 3-fold and 
for peptides KB7 and P1, 32 and 300-fold, respectively, 
compared to antiserum 17-O1. In addition, the data in Table 
2 also demonstrates, the affinity of antiserum E135A is from 
2- to 7-fold higher than the other antisera for PAK peptide 
(ratios of Iso values), 3- to 59-fold higher for PAO peptide, 
32- to 60-fold higher for KB7 peptide and 44- to 300-fold 
higher in affinity for P1 peptide. In FIG. 12, this is reflected 
in the histogram of Iso values (log 10 of the molar concen 
tration of peptide required to achieve 50% inhibition of 
antiserum E135A binding to PAK pilin) reported for E135A 
antiserum. 
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0100. As for the antisera I138A and E135P, the data 
shows that they are not able to effectively bind heterologous 
peptides PAO and KB7. However, all three antisera, I138A, 
E135P and E135A, demonstrate affinity for native peptide 
sequence P1 which is 7- to 300-fold better than antiserum 
17-O1 (176 10 M for I138A and E135P and 410 M for 
E135A compared to 1,217 10 M for 17-O1, FIG. 12 and 
Table 2). This is Surprising since peptide sequence P1 is very 
different from the sequences of PAK, PAO and KB7 (FIG. 
1) in length, amino acid composition and size of the disulfide 
loop. 

0101. In order to test the efficacy of E135A, this peptide 
was conjugated to tetanus toxoid and the conjugate was used 
in our A.BY/SnJmouse model to test active immunization. 
The A.BY/SnJ mice are less resistant to P. aeruginosa 
infection than normal laboratory mice. It is therefore unnec 
essary to use immunosuppressive procedures to demonstrate 
antibody-induced protection. Since antisera E135A was least 
cross-reactive to PAO strain (Iso, 0.06 10 M for PAK vs 81 
10 M for PAO; Krak/Kro-1,350) compared to the other 
Strains (Table 2), it was important to demonstrate the this 
level of cross-reactivity could still offer protection to chal 
lenge from strain PAO. FIG. 2 demonstrates that challenge 
with 2x10 cfu (~3 LDso: PAO strain) results in protection 
against lethal challenge. AS the plot of Survivors VS hours 
after challenge shows, the two groups of mice (10 mice per 
group) that were immunized with E135A conjugate or PAO 
conjugate demonstrated increased Survival times when com 
pared with those groups which had been immunized with 
PAK conjugate or the adjuvant alone as a control. This result 
demonstrated the enhanced efficacy of this peptide, E135A, 
over the corresponding PAK native Sequence. The result is 
even more important Since examination of the two 
Sequences, PAO and E135A, shows that these Sequences 
differ at 7 positions. The results demonstrate that the 
replacement of E135 by alanine has created an immunogen 
which is, for all but one residue, identical to the PAK native 
Sequence-a sequence which does not provide protection 
against PAO challenge-yet this new Sequence is providing 
protection similar to that of the native PAO Sequence. 

0102 Mapping studies were used to define specific resi 
dues responsible for peptide binding to the antisera. The 
croSS-reactive native polyclonal antisera described here, 
17-O1, binds to both PAK and PAO native peptides. Exami 
nation of the mapping results for antiserum 17-O1 (Table 1; 
D134, Q136 and F137; KN/Ks values) reveals that D134, 
Q136,and F137 are all critical residues for binding to the 
native protein. 

0103) Antisera was raised to a peptide analog in which 
E135 was replaced by an alanine at position 135 in native 
PAK sequence, AcPAK(128-144)OH. This substitution 
resulted in a large decrease in the contribution to binding 
from Q136 (6-fold). The contributions from F137 and D134 
Side-chains have remained large while contributions from 
residues Q133, 1138, and P139 were all significantly 
enhanced (6- to 450-fold) by this substitution. Cross-reac 
tivity of antiserum E135A to PAO remained the same as with 
antiserum 17-O1. 
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0104. The antisera I138A and E135P show some of the 
most dramatic effects on Substitution. In antiserum I138A, 
the loss of the hydrophobic contribution at I138, by substi 
tution with alanine, has Substantially increased the impor 
tance of Q133 (KN/Ks=250,000) but cross-reactivity to PAO 
Sequence decreases by a factor of 6-fold over that of 
antiserum 17-O1. Antiserum E135P demonstrates effects in 
both the contributing residues and croSS-reactivity. This 
antiserum was generated by substitution of E135, in the PAK 
native Sequence, by the proline residue from position 135 in 
the PAO native sequence (FIG. 1). The rationale behind this 
Substitution was based on the hypothesis that a more croSS 
reactive antibody response is generated by using a peptide 
immunogen in which a side-chain unimportant for PAK 
Strain Specificity could be replaced by a Side-chain from a 
different Strain that would enhance croSS-reactivity to that 
strain. The mapping results for antiserum E135P show that 
the critical residues for protein recognition are Q136 and 
K140 with contributions from D134 and I138. This is a 

Significant shift from the results obtained using antisera 
17-O1. With respect to cross-reactivity, antiserum E135P is 
very specific for Strain PAK (Table 1, Krak/K=11,600). 
The value of Iso for PAO (FIG. 12 and Table 2; column 
PAO; 4,751 10M) indicates that native PAO peptide binds 
very weakly while PAK peptide binding is similar to that of 
antiserum 17-O1 (FIG. 12 and Table 2; column PAK; 0.41 
10 M). An even more specific example of a side-chain 
effect on contributions to binding can be demonstrated with 
antisera which were raised in response to Single alanine 
substitution analogs Q136A and F137A. These antisera 
failed to bind to the native pili indicating that these two 
residues are essential for immunogenicity and recognition of 
the native pilin epitope Sequence 42, 43. Based on the 
evidence cited here it would be reasonable to Suggest that 
there are both peptide backbone structural features and 
amino acid Side-chain characteristics which, in combination, 
determine immunogenicity and binding to antisera. 

0105 Similar studies were carried out using antisera 
against the E135A, CS1, and PAK peptide in reaction with 
PAK, PAO, KB7, and P1, as indicated in FIG.8. In addition 
to the results previously reported for croSS-reactivity with 
the E135A antigen, the CS1 antigen is seen to give very high 
cross-reactivities with PAK and PAO, and moderate cross 
reactivities with KB7 and P1. As seen from the data in 
FIGS. 4 and 6, CS1 was effective in protecting the subject 
animal against both P1 and KB7 infection. 

0106 Two-dimensional 1H NMR spectroscopy was used 
to determine the antigenic determinants recognized by the 
Pseudomonas aeruginosa croSS-reactive monoclonal anti 
body PAK-13. The results demonstrated that residues for 
which Spectral changes were observed upon antibody bind 
ing were different for each of the peptides. However, these 
residues are confined to common Structural features that 
comprise each peptide antigen, namely, two B-turns and a 
hydrophobic pocket. 
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0107 The examples illustrate the invention, but are in no 
way intended to limit it. 

0.108 Unless otherwise stated all reagents were reagent 
grade. Bovine Serum albumin was purchased from Sigma 
Chemical Co., St Louis, Mo. Goat anti-mouse IgG horse 
radish peroxidase conjugate was purchased from Jackson 
Immunoresearch Laboratories, Inc., West Grove, Pa. 2,2'- 
azino-di-(3-ethylbenzthiazoline Sulfonic acid) was pur 
chased from Boehringer Mannheim, Laval, PO. Untreated 
polystyrene 96-well flat bottom microtiter plates were pur 
chased from CoStar Corp., Cambridge, Mass. Freund's com 
plete and incomplete adjuvants were purchased from 
GIBCO Laboratories, Life Technologies Inc.,Grand Island, 
N.Y. Keyhole limpet haemocyanin was purchased from 
Sigma Chemical Company, St. Louis, Mo. and tetanus 
toxoid was purchased from Pasteur Merieux Connaught 
Laboratories, North York, ON, Canada. Adjuvax adjuvant 
was purchased from Alpha-Beta Technology, One Innova 
tion Drive, Worcester, Mass. 

EXAMPLE 1. 

0109 Bacterial Pili 

0110. The bacterial pili employed in this study were 
obtained from the P. aeruginosa strain PAK/2pfs. Purifica 
tion of the pili was as previously described 47. 

0111. The synthetic pilin peptides and their analogs were 
prepared following the general procedure for Solid-phase 
peptide synthesis (SPPS) as described by Erickson and 
Merrifield 48 and the SPPS protocols, purification, and 
characterization of the peptides have been described 44. 

0112 The preparation of peptide conjugates has been 
described by Lee et al. 6). Peptides containing the photo 
reactive group, benzoyl benzoic acid, attached to the N-ter 
minal end were conjugated to the protein carrier, keyhole 
limpet haemocyanin (KLH). The peptides (2-5 mg) dis 
solved in 10-20 ul of water were mixed with 500 ul of 8M 
urea containing KLH (10 mg). This Solution was then 
irradiated at 350 nm for one hour at 48 C. in a RPR 208 
preparative reactor (Rayonet, The Southern New England 
Ultraviolet Co., Middletown, Conn.) equipped with RPR 
350 nm lamps. Unconjugated peptides were removed by 
successive dialysis against 8M urea, 1M urea, PBS at pH 
7.2. The product was lyophilized and the peptide incorpo 
ration determined by amino acid analysis. 

0113 Peptides containing the photo reactive group, ben 
Zoyl benzoic acid, attached to the N-terminal end were 
conjugated to the protein carrier, tetanus toxoid (TT). The 
peptides (2-5 mg) dissolved in 10-20 ul of water were mixed 
with 500 ul PBS at pH 7.2 containing TT (10 mg). This 
Solution was then irradiated at 350 nm for one hour at 48 
C. in a RPR 208 preparative reactor (Rayonet, The Southern 
New England Ultraviolet Co., Middletown, Conn.) equipped 
with RPR 350 nm lamps. Unconjugated peptides were 
removed by dialysis against PBS at pH 7.2. The product was 
lyophilized and the peptide incorporation determined by 
amino acid analysis. 
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EXAMPLE 2 

0114) Antipeptide Antisera 
0115) A group of 3 New Zealand White rabbits were used 
for immunization in a peptide conjugate experiment. The 
rabbits were used at eight weeks of age and at approximately 
2 kilograms in weight. Prior to immunization, a Small 
sample of blood (5 ml) was drawn from the vein of the 
rabbit's ear and used as preimmune Sera. The peptide-KLH 
conjugates were dissolved in sterile PBS and mixed with 
equal Volume of Freund's complete adjuvant. This mixture 
was then thoroughly mixed until a thick white emulsion 
formed. A two-site (Subcutaneous and intramuscular) injec 
tion with 200 ul/site of the emulsion was performed on each 
rabbit. The amount of peptide-conjugate injected was 200 to 
350 ug/rabbit, depending on the degree of incorporation of 
the peptide analog on KLH. Two booster injections were 
administered at two week intervals using the Same amount 
of the peptide conjugate emulsified with Freund's incom 
plete adjuvant. Blood samples (5 ml each) were taken 10 
days after the third injection. The antiserum titer was then 
determined by direct ELISA. Further booster injections and 
Sera collections were Subsequently performed at 4 week 
intervals. 

EXAMPLE 3 

0.116) Active Immunization with Peptide Conjugate 
0117 A.BY/SnJ mice were actively immunized at week 
0 with 40-50 ug of peptide-tetanus toxoid conjugate mixed 
with 100 tug of Adjuvax as adjuvant in 50 ul of 10 mM PBS 
at pH 7.2. Control mice were given 50 ul of 10 mM PBS at 
pH 7.2 containing 100 tug of Adjuvax. The mice were then 
boosted at weeks 2 and 4 and challenged with 2x10 cfu of 
P. aeruginosa strain PAO (-3xLDs) at week 6. Each test 
group and the control group consisted of ten animals. The 
effectiveness of the vaccine was determined by the Survival 
rate of the test animals up to 48 hours. 

EXAMPLE 4 

0118 Enzyme-Linked Immunosorbent Assay (ELISA) 
0119) Competitive ELISAS were performed according to 
the following protocol. Untreated 96-well flat bottom micro 
titer plates were coated with 0.2 tug/well of PAK pili for 1 
hour at 37° C. and blocked with 5% (wt/vol) BSA (100 
ul/well) dissolved in 10 mM PBS, pH 7.4, containing 150 
mM sodium chloride for 8 hours at 4 C. The plates were 
then washed, five times, with 10 mM PBS, pH 7.4, contain 
ing 150 mM sodium chloride and 0.05% (w/v) BSA (buffer 
A). Raw Sera containing polyclonal antibodies (dilution, 
1:5,000) were preincubated with equal volumes of serially 
diluted epitopic peptide pilin sequences for 1 hour at 37 C. 
These solutions were added (100 ul/well) to the pili coated 
wells on the microtiter plate. Following incubation for 2 
hours at 37 C., the plates were washed, five times, with 
buffer A. A goat anti-rabbit IgG horseradish peroxidase 
conjugate, that had been diluted 1:5000 with buffer A, was 
added to the wells (100 ul/well). A second incubation was 
performed for 2 hours at 37 C. and the plates were washed, 
five times, with buffer A. 2,2'-azino-di-(3-ethylbenzthiazo 
line sulfonic acid) (ABTS) (1 mM) in 10 mM sodium citrate 
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buffer, pH 4.2, containing 0.03% (v/v) hydrogen peroxide 
was used for detection. Finally, the absorbance at 405 nm 
was determined by using a Titertek Multiskan Plus MK II 
microplate reader (Flow Lab Inc., Mclean, Va.). 

0120) The percentage inhibition (% Inhibition) for each 
competitive assay was calculated by the following formula: 

%. Inhibition=100%-(A405 Competition/A405 No 
Competition)*100% 

0121 The percent inhibition at each peptide concentra 
tion was determined from the mean value of 8 repetitions. 
The competitive binding profile was plotted as % Inhibition 
(tSD) VS Log 10(competitor concentration). The Iso value 
(competitor concentration that causes 50% inhibition) was 
determined by using the Software KaleidaGraph (Synergy 
Software, Reading, Pa.). The apparent association constant 
(Ka) of the antiserum for each peptide analogue can be 
calculated by the formula Ka=(Iso)-1 as described by Nieto 
et al. 49. 

TABLE 1. 

Epitope Mapping of Five Anti-PAK Peptide Antibodies 

KN/Ks Ratios of the Antipeptide Antibodies 

Peptide 17-R1. 17-01 E13SA 138A E135P 

K128A 1. 1. <1 

C129 

T130A 2 1. <1 

S131A 2 1. <1 

D132A 1O 6 1. <1 <1 

O133A 9 2O 830 -250,000 <1 
D134A 10 1,600 1,200 71 267 
E13SA 48O 2 1. 3 3 

O136A 390 3,200 52O 60 & 10,000 
F137A >10,000 & 10,000 &4,800 <1 2O 
138A 18 1. 450 <1 208 

P139A 28O 14 390 <1 1. 

K140A 2 2 8 12O >100,000 
G141A 1. 1. 1. 

C142 

S143A 1. <1 1. 

K144A 1. 1. 1. 

KPAK?KPAo 4,400 1,270 1,350 7,000 11,600 

"The values of the apparent binding constants (Ka) are expressed as KN 
for native peptide PAK and Ks for the corresponding analogue being 
tested. Values for K?Ks ratios that are > 1,000 are boxed and the side 
chain at this position is considered critical for antibody binding. 
PEPTIDE designates the native sequence of PAK pilin peptide and the 

residue within this sequence which has been substituted by alanine. The 
cysteines (129 and 142) are retained for the purposes of disulfide bridge 
formation. There are 15 single alanine substitution analogues each desig 
nated by the position of substitution. For example, K12SA represents posi 
tion Lys 128 substituted by Ala. 
Cross-reactivity of an antiserum is expressed as the ratio KPAK?KPA. A 
value of 1 would indicate that the antiserum has the same affinity for 
native PAO peptide sequence as it does for native PAK peptide sequence 
in competition ELISA assay and therefore has excellent cross-reactivity. 
The larger the value of KPAk/KBo the more specific the antiserum is for 
PAK native sequence and the less cross-reactive it is with the native PAO 
sequence. 
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TABLE 2 

Antisera Affinity Results 

Peptide Competitor 

PAK PAO KB7 P1 

Anti- Antigen' Iso Iso Iso Iso 
serum Iso (uM) (uM) A. (uM) A (uM) A. (uM) A. 

138A O.OS O.13 +1.5 909 -3.8 1,320 -1.9 176 +6.9 
E135P 0.70 O.41 -2.2 4,751 -19.7 835 -1.2 176 +6.9 
E13SA O.OS O.O6 +3.2 81 -3.0 22 +32.O 4 +304 
17-O1 O.19 O.19 1.O 241 1.O 704 1.0 1217 1.O 
17-RI O.23 -1.2 1,1014 -4.2 845 -1.2 608 +2.0 

Antisera raised to the native PAK peptide sequence 128-144 in the disulfide-bridged 
(oxidized) form (17-01) and the reduced form (17-R1) and the single substitution ana 
logues of this disulfide-bridged native PAK sequence (I138A, I135P and I135A). 
Antigen Iso represents the Iso value of the corresponding disulfide-bridged peptide ana 
logue that was used to raise antiserum I138A, I135P and I135A or the disulfide-bridged 
native PAK sequence and reduced native PAK sequence used to raise antiserum 17-01 
and 17-R1, respectively. 
Peptide competitors in the ELISA assays were the oxidized (disulfide-bridged) peptides 
of the receptor binding domains of pilin strains PAK, PAO, KB7 and P1 (FIG. 1). 
The Iso values indicate the concentration of peptide required to produced 50% inhibition 
of antibody binding to PAK pilin. 
“4” represents an increase or decrease in the affinity of the antiserum against a particular 
native sequence (PAK, PAO, KB7 and P1) compared to the affinity of the antiserum of 
native PAK (17-01). A positive value is the number fold improvement in affinity whereas 
a negative value represents the number fold decrease in affinity of the antiserum for that 
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particular native sequence compared to native PAK antiserum 17-01. 

It is claimed: 
1. A peptide vaccine for immunizing or treating a patient 

for infection by a Pseudomonas aeruginosa (PA) infection, 
comprising 

(i) the peptide identified as SEQ ID NOS. 3-6; and 
(ii) a carrier protein conjugated to the peptide. 
2. The peptide vaccine of claim 1, wherein the peptide is 

that having SEQ ID NO: 3. 
3. The peptide vaccine of claim 1, wherein the peptide is 

that having SEQ ID NO: 4. 
4. The peptide vaccine of claim 1, wherein the peptide is 

that having SEQ ID NO: 5. 
5. The peptide vaccine of claim 1, wherein the peptide is 

that having SEQ ID NO: 6. 
6. The peptide vaccine of claim 1, wherein the peptide is 

that having SEQ ID NO. 4 or 5, but having a T to K 
substitution at position 130. 

7. A method of protecting a Subject against Pseudomonas 
infection, by immunizing the Subject with the vaccine of 
claim 1. 

8. The method of claim 7, wherein the vaccine is accord 
ing to one of claims 2-6. 

9. For use in a vaccine, a C-terminal PA pilin peptide 
having 

(i) the amino acid sequence identified as SEQ ID NO: 3, 
and analogs thereof having one of residues T, K, or A 
at position 130, D, T, or N at position 132, Q, A, or V 
at position 133, E, P, N, or A at position 135, Q, M, or 
K at position 136, and I, T, L, or R at position 138, 
excluding SEQ ID NOS: 1, 2, 9, 10, and 11, and 

(ii) the ability to cross-react with antibodies against the 
corresponding C-terminal peptides from PA Strains 
PAK and PAO. 

10. The pilin peptide of claim 9, which is further reactive 
with an antibody Specific against a C-terminal peptide from 
PA strains CD4, K122, or KB7. 

11. The pilin peptide of claim 9, which is immunoreactive 
with antibodies Specific against the C-terminal peptide from 
PA strains PAK, PAO, CD4, K122, and KB7 PA. 

12. A method of Selecting a peptide for use in a vaccine 
against Pseudomonas aeruginosa, comprising 

constructing a library of 1296 C-terminal peptides having 
the amino acid sequence identified as SEQ ID NO: 3, 
and analogs thereof having one of residues T, K, or A 
at position 130, D, T, or N at position 132, Q, A, or V 
at position 133, E, P, N, or A at position 135, Q, M, or 
Kat position 136, and I, T, L, or R at position 138, and 

(ii) Selecting library members which are cross-reactive 
with croSS-react with antibodies against the corre 
sponding C-terminal peptides from PA strains PAK, 
PAO. 

13. The method of claim 12, wherein the selected library 
members are croSS-reactive with an antibody Specific against 
a C-terminal peptide from PA strains CD4, K122, or KB7. 

14. The method of claim 12, which is immunoreactive 
with antibodies Specific against the C-terminal peptide from 
PA strains CD4, K122, and KB7 PA. 


