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ABSTRACT

The focus of this research has been to investigate a Pseudomonas flagellar
antigen (FAg) as a possible vaccine for prevention of Pseudomonas infections of
wounds, burns and trauma associated infections. A second aim has been directed
toward understanding the interaction of various Pseudomonads with the host with
respect to the role of motility in colonization, invasion, and protection by a
FAg induced immune system. Purification of the FAg has centered on reducing the
level of LPS (the major contaminant) in the final material. Some progress has
been made using a column—detergent method in conjunction with large fermentation
facilities developed in collaboration with Immuno Co. We continue to explore
and improve techniques of culturing the organism to reduce LPS and contaminating
protein in the initial medium. Alternative approaches are described to find
more efficient purification procedures. Our knowledge of the Pseudomonas
aeruginosa a and b FAg types has been expanded significantly by creating a
system of classification based on flagellin molecular weights which remains
consistent with immunologic determinations and in preliminary experiments by
protective capacity. An extension of this classification has been the finding
that a taxonomic correlation exists between flagellin molecular weights of
various Pseudomonas spp. and their antigenic relationships. In P. cepacia
strains, two flageliins types (Types I and I1) have been designated in a
classification analogous to the P. aeruginoss a and b types. Protection studies
in a burned mouse model (BMM) with partially purified FAg show that protection
is obtained at challenge doses of 4-6 log CFUs over the LDgg of
non-immmized controls. Results of studies with heated and polymyxin B treated
FAg indicate that protection is caused by a specific FAg component. This
conclusion is consistent with datas showing that cross protection relates to the
FAg rather than the O antigen component. Using the BMM we have compared the

invasiveness of isogenic P. aeruginosa strains deficient in flagella to further




elucidate the role of motility in virulence. Lack of invasiveness by other

Pseudomonas spp. was studied with emphasis on P. cepacia. Colonization of the

burned site occured for three weeks without invasion. Since this organism is
highly motile and chemotactic, the lack of inva;iveness was attributed to the
absence of protease and possibly Exotoxin A. This provides an interesting model
to study chronic or persistent infections and to identify virulence factors. A
single immunization (1 ug) of P. cepacia FAg did not block skin colonization to
any significant degree although some protection was suggested. Dilcuusions of

the results and future directions are incorporated in the following text.




ANNUAL REPORT

A. Pseudomonas aeruginosa Flagellar Vaccine Studies

1. Relationship of molecular weights and flagella antigenic types

Extensive repetition of SDS-PAGE comparisons of molecular weights support
the concept that flagellar antigenic (FAg) type can be classified by molecular
weights of the flagellins (Table 1). These results have been submitted for
publication to the J. of Clin. Microbiol. We have refined our gel techniques
to obtain more accurate weight estimates by adding the same amount of FAg (one
ug) to the well when making comparisons. Additional information has been
obtained by co-electrophoresis of two antigens with very similar molecular
weights. Thus we know that "a" type antigens are more electrophoretically
mobile thanm "b" type. The "b" type antigens are a homogenous group of 53,000
mol. wt. while the “a" type are heterogenous with molecular weights from 45,000
to 52,000 (Table 1, Fig. 1). Of interest for possible vaccine application is
that a significant proportion (close to 502 or more) of climical isolates have
"b" type flagella (Lanyi (1) & Ansorg (2)). We have observed a similar
distribution of types among our laboratory strains and clinical isolates. Of
the unidentified "a" types, we have demonstrated that strain 1210 and 19660
(Berk's eye strain) both virulent isolates, are identical to 5933 (Ag)3)
(Table 1 and Fig. 1). The 1210 identity has been further identified by
cross-agglutination reactions both in our laboratory (Table 2) and by Imnuno Co.
of Austria. On the other hand WR-5 (avirulent) and GNB-1 (virulent) remain to
be autigenically classified. Although they exhibit similar molecular weights
(WR-5 = 48,000 and GNB-1 = 49,000) to 5940 (Agy) (47,000) they can be
separated from 5940 by co-electrophoresis (Fig. 2).

Two discrepancies between our work and that of Ansorg (2) have been noted.

A novel finding is that FAg of Ansorg's type "agp" strains exhibit the same
ag




molecular weight as the "b" strains (Fig. 3). This may be an error in his
original typing experiments (Ansorg, persomal communication) or it may mean that
ap = b and therefore that common antigens are present in all a types and b
types. This is an important question to be resolved by further biochemical
comparisons. Secondly, Ansorg assigned 7191 a b type, however we have found a
molecuiar weight of approximately 51,000, putting it in the a classification

similar to 5933 (Fig. 3).

2) Approaches to purification of flagella antigen
a) Shearing methods. Attempts were made to obtain more pure FAg

preparations free of outer membrane components by reducing the length of time
needed to initially remove flagellar filaments. Our published method (3) based
on several literature references for other gram negatives was to shear for 3
min. in a blender. However, small but consi;tent amounts of LPS (5 to 15%)
remained associated with the FAg preparations. Strain M-2 was used as the
standard culture and suspensions were sheared at various times to determine the
effect of shearing on protein yields and LPS content. Initial experiments
indicated that 1 min. gave the same results as 3 min. Bacteria were then
sheared for 15, 30 and 60s. 1In all cases however, we were not able to exclude
LPS to any significant degree. The protein content ranged from 30 to 502 of dry
weight based on an albumin standard. By a globulin standard in the BIORAD assay
this would be closer to 60 to 100Z. Furfher exper imentation has lhown'ghat LPS
is consistently present in the medium during growth of P. aeruginosa and that it
probably binds to the flagellar filaments before they are sheared. Constant
sloughing of LPS during rapid growth has been reported very recently by Cadieux
et al. (4). Since the LPS is not removed during differential centrifugationm it

-u;t be separated by some detergent process from the flagellar protein (T. C.

L oem —x



Montie et al., unpublished data). Attempts to wash the bacterial cells before
blending using buffer, water or EDTA doe§ not reduce the LPS content to any
extent.

b) Removal of LPS

As discussed above, removal of LPS has more recently become of prime
concern to us for both obtaining a product that could be injected into humans
with no side reactions and for eliminating unknown biologic effects in animal
tests. One preliminary approach has been to use the method of Parenchych (5) i
vho employed octyl-glycopyranoside (OGP) to dissociate Pseudomonas pili.
Flagellin were dissociated in 0.12 OGP followed by dialysis to remove
impurities. Electrophoretic assay indicated that the flagellin remained in a
native coufiguratioa but a pon-distinct broad band, possibly dissociated LPS,
appears. We plan'further experimentatioﬁ to utilize ultracentrifugation in OGP {
in buffer or in density gradients to separate the dissociated flagellin from

LPS. Micro-molecular sieving column methods will be employed concurrently to

test the degree of flagella dissociation relative to the LPS size. )
As mentioned sbove a detergent molecular sieving column method is being
worked out in collaboration with Immuno Co. This method holds potential for

separation of FAg from LPS effectively and on a relatively large scale. On a
smaller scale we have continued to increase yields of flagellin eluted from gels
after resolution by SDS-PAGE. By this approach we should simultaneously remove
both carbohydrate and protein impurities.

c) Removal of protein impurities

Another method used for separation of flagella from pili of P. aeruginosa
(6) was employed to isolate flagella from supernatants of sheared P. aeruginosa
cells (200 g wet wgt. cells). Polyethylene glycol 6000 (PEG-6000) 0.1% was

added sequentially 3x to the supernatants to obtain a protein precipitate.

o




Protein profiles of the washed precipitate indicated that a number of small
molecular weight contaminating proteins had been removed, but not LPS. We plan
to use a combination of this method with a detergent to concomitantly remove
both LPS and protein impurities.

Although preotein impurities appear as <5% of the total protein, we observed
the presence of two to three small molecular weight proteins (15,000 to 20,000)
appearing as prominent bands in gel profiles of FAg's of ag a] a2 type
such as 5933. This protein appears to be dissociated flagella (possibly
protease nicked flagella) and/or pili material (17,000 mol wgt (7)). With 5933
FAg we have noted increased amounts of some of these bands and decreased amounts
of native flagellin correlated with length of time in storage. Reduction in the
apparent degradation has been obviated by shifting from storage after
lyophilization in weak phosphate buffer to storage in a_Tris-Cl buffer (pH 7.5,
0.01 M) (see Fig. 1). |

An interesting result along this same line is that growth of P. aeruginosa
in well aerated cultures yields FAg preparations exhibiting very low amounts of
a 19,500 mol. wt. band, but no. 17,500 band (pili-like band) (Fig. 4). 1Inm
contrast growing cells in reduced O) atmosphere gives a relatively larger
amount of both of the small molecular weighi bands and a reduced yield of

flagellar material (Fig. 4). We plan to explore this approach to maximize

protein purity in the FAg ag a) ag type.

3) Protection with Flagellar Antigen
a) Experiments with heated FAg

We have extended our protection studies in burned mice using additional
mouse strains such as C3H/HEJ and HA/ICR, Protection was obtained, using 1l ug

M-2 FAg injected two weeks before challenge, at a level up to 15,000




LDsg'g (LDsg = >> 2.3 x 105 CFU). Heated FAg (90°C 1 h) lost

nearly all of its protective capacity (LDsg = <2.3 x 102 CFU, Table 3
Appendix). This result underscores that the immunogenic specificity resides in
the protein FAg present rather than in contaminating material such as
lipopolysaccharide (LPS). 1t should be noted that results obtained at Immuno
Co. indicate that more highly purified FAg may protect at a level of at least 6

logs CFU challenge above the LDgp.

We have carried out preliminary experiments comparing FAg extracts from our
M-2 Fla~ strain after boiling versus non-boiled. Altho;gh we expected no
differences in protection in this case since the majority of material in the FAg
(Fla~) pellet is LPS some loss of protection was indicated (approximately 1
log LD5g of CFU) (Table 3). Subsequent careful SDS-PAGE analysis of the
Fla~™ FAg preparations indicated that a small amount of protein banded as M-2
flagellin at 53,000 daltons. 1t appears that in the M-2 Fla~ bacteria some
flagellin monomer is made and accumulated perhaps in the membrane (8), but an
intact flagellum cannot be polymerized. We plan repetition of this work using
other Fla~ extracts of other strains (see discussion below).

b) FAg Immunization in C3H/HEJ; mice non-respomsive to E. coli LPS

Experiments were carried out using M-2 FAG to immunize C3H/HEJ mice. These
mice are refractory to E. coli or salmonella LPS, (9), but are partially
stimulated in their immunologic response by P. aeruginosa LPS (Pier (9)).
Immunization of these mice with 1 ug M-2 FAg provided scattered protection from
102 to 103 CFU (Table 4). However, heating the antigen for 1 h at 100°
completely destroyed the immunogenicity (LDgg = < 102). We believe that
the scgttered protection achieved with non-heated FAg is indicative of the
decreased protection expected in C3H/HEJ mice with LPS (and perhaps FAg) (Pier

(9)). The decreased protection with heated FAg again suggests that the




flagellar protein is responsible for protection. These experiments will be
repeated using C3H/HEJ mice immunized with both pure LPS and FAg obtained from
the same P. aeruginosa strain (ATCC 27312). Challenge will be after five days
immunization (Pier experiments) or two weeks (our experiments). Again heated
and non~heated FAg preparations will be compared.

An experiment related to those discussed above will involve testing the
effect of polymyxin B on the FAg and isolated LPS in C3H/HEJ since Pier et al.
(9) have reported that the peculiar lipid A portion of P. aeruginosa LPS is
primarily responsible for the immune stimulation in these mice. It is well
known that polymyxin B specifically inactivates the lipid A portion of LPS and
this has been recently demonstrated for Pseudomonas LPS. 1In our hands using
HA/ICR LPS responsive mice, 30 minute trestment of M-2 FAg with polymyxin B had
no apparent effect on the immunoprotection of this preparation (Table 5).
Although this result suggests that the lipid A portion of LPS is not
contributing to protection of the FAg preparation, this experiment needs to be
repeated with additional coutrolu.(for exsmple, P. seruginosa LPS alone,
polymyxin B treated and untreated). In selected experiments we also plan to
monitor the immunogenic response in mouse strains during the five day and two

week periods.




7

B. Pathogen-Host Interactions with Regard to Motility and Chemotaxis and
Flagellar antigen

1. The role of flagella; motility and chemotaxis in virulence.

To understand the interplay between P. aeruginosa and the host with respect
to flagellar vaccine protection we have continued to pursue studies on bacterial
cell movement in the host. Evidence to date from studies examining the role of
flagella and motility as virulence factors suggest that an association of these
bacterial properties with virulence does exist (McManus (10), Montie et al.
(11)). Thus we have begun using isogenic strains of virulent P. aeruginosa such
as M-2 to understand the mechanism of invasion in the burned mouse model (BMM).
A non-motile mutant M-2 Fla~ was three to four logs less virulent than the
parental strain, whereas a spontaneous motile revertant regained full virulence.
Ve have recently repested this study with similar results using two additional
mouse strains.

The invasive character of P. seruginosa is particularly importapt in burns
snd trauma infection where bacteremia leads to organ invasion and death. Thus
the success of a flagellar vaccine may relate to the activity of antibody
(opsonizing or otherwise) in effectively reaching the bacterial flagellum and
severely immobilizing the bacterial cell.

Since we have only demonstrated the apparent Fla requirement for a single
mutant we have extended these studies. 1In addition to the experiments with
M-2 Fla~™ we have obtained mutants of PAO~1 from Hancock-Kropinski and are
comparing them with respect to their isogenic character. Preliminary studies
indicate that these strains are good candidates to further evaluate the role of
flagells as a vir&lence factor. Strains PAO-1 WT, snd three AK mutants (Fla~)
have been compared with regard to 0 -erotyﬁe (all are serotype 5 with weak
reactions to type 7 antiserd), protease (all are highly proteolytic) and growth

rates (similar growth curves).




Antibiogram profiles are being made. The AK mutants, obtained from a well
characterized PAO-1, WT, (LDsg = <102 CFU), should provide evidence to
further substantiate that flagella (motility) is important in the invasive role
of P. aeruginosa. Initial comparisons of PAO-1 with the EMS derived AK mutants
indicates that the AK mutants are greatly reduced in virulence with doses as
high as 107 CFU required for 0-40Z mortality in the BMM. These virulence
tests are currently being repeated. with larger numbers of mice.

The Tsuda-Iino strains (13) have been recently obtained and are being
investigated. These are genetically constructed fllgellar;ninus (f1a™),
motility-minus (mot™) and chemotaxis-minus (che™) strains. They are
currently being characterized for their isogenicity and will be used in
comparative virulence studies by skin surfsce inoculation as well as by
inoculations from different sites eg. i.p. alone, and after immunization with
FAg vaccine. This will allow us to extend our insight into the role of P.
seruginoss movement in pathogenesis. The parent WI 1200 is virulent in our
model (LDgy = 102 CFU). Other sets of strains such as a Che* mutant of
J WT Che™ WR-5 (LD5g = 107 CFU) and a series of "rough" cystic fibrosis
(CF) Pseudomonas seruginosa isolates which are avirulent in the BMM (LDsg's
Jd = >104 CFU) will provide valusble comparisons. The CF strains are being
characterized morphologically and biochemically. A new finding is that 70% of
these rough isolates from patients in poor clinical condition are Fla~ (M. A.
Luzar & T.C. Montie, manuscript in preparation). The latter finding suggests
that a Fla~ characteristic may contribute to "non-irvasiveness" or chronic
infection.

Other approaches planned will include comparing the virulence of these
mutants using burns of longer and shorter duratioms. This will include also

comparisons in scalded mice (10). The object will be to assess movement through
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various kinds of impaired tissue in compromised FAg immunized animals. Tissue
colonization will be assayed by bacterial cell counts (12) and by sectioning and
staining tissue to assess spreading and degree of penetration.

2) Host Response

We continue to collect antisera both from hyperimmunized mice and rabbits
(12). This sera has been used for agglutination assays and for immunodiffusion
assays. We have confirmed for the most part the relation-hiplbetveen flagellan
antigen type (2) and molecular weight (see previous discussion). In the same
vay we have identified virulent clinical isolates corresponding to known antigen
strains. When we have obtained monospecific serum using more highly purified
FAg we will use this material to do comparative cross-protection tests with
strains of homogenous and heterogenous antigenicity using actively and passively
immunized mice.

Our studies examining the role of motility in infection will be interphased
with studies focusing on inhibition of motility in vitro with specific
anti~-flagellar antiserum and phagocytosis studies. Preliminary experiments
indicate that antisera raised in mice and rabbits (single and multiple antigen
challenges) will inhibit motility as assayed by a filter disc-soft agar plate
system. Paper discs saturated with 10-fold antisera dilutions'significautly

reduced spreading as compared to normal serum controls.
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C. Studies with Nosocomial Pseudomonas spp.: Flagella Characterization

and Protection and P. Cepacia Colonization.

We indicated in our first contract proposal our interest in studying the
non-aeruginosa Pseudomonads and comparing their flagella antigens with P.
aeruginosa. In fact a significant degree of effort has gone into this research
area. It is apparent that the appearance of the Pseudomonas spp. as nosocomial
agents is increasing (14). 1In many cases the source of the infections are
contaminated hospital liquids or instruments which introduce the organism
directly into the compromised patient, many times intravemously. Quite commonly
these Pseudomonads are more resistant to antibiotics than P. aeruginosa and
therefore they persist after chemotherapeutic treatments. An example of their
opportunistic nature can be seen in the severe and fatal lung infection caused
by P. cepacia iﬁ cystic fibrosis patients. In many cases the P. cepacia
appearance follows a previous chronic P. aeruginosa infection, but the cepacia
infection leads to a rapid decrease in the patients condition. 1In fact, P.
cepacia is probably the biggest problem of the non-aeruginosa species, and we

have therefore concentrated our approach on this organism.

1) 1lsolation and characterization of flagellar preparations from
Pseudomonas species.

Some studies were directed toward isolating the FAg from bqth P. cepacia
and other Pseudomonads to compare them with P. aeruginosa (14). An initial
survey of FAg was made of P. cepacia, P. maltophila and P. stutzeri. P.
stutzeri flagellin, mol. wt. of 55,000, was somevhat larger but close to the P.
aeruginosa b-type. P. maltophils flagellin was ;uch sualler, 33,000, whereas P.
cepacia SMH exhibited the lowest size, 31,000 (Fig. 5). The sample size of P.

cepacis was increased because of its prominence as a nosocomial pathogen and
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its wide distribution. Five additionel clinical strains wece examined. The
distribution of molecular weights indicated a division into two groups.
Flagellins with molecular weights of 31,000 were designated as Type 1 flagellin
while the second group, designated as Type Il flagellin, was in the 44,000 to
46,000 range. Further sdpport for categorizing P. cepacia flagellin into either
Type 1 or Type 1l was obtained by examination of four additional clinical
isolates (Figure 6). These four could also be placed in either Type I or Type
II based on their flagellin molecular weight, one was Type I while three were
Type II. It was noted that all Type 1 flagellin samples exhibited a
double-banded pattern on the gels (Figures 6, 7, and 8). This was observed
consistently with all three Type I isolates identified (i.e., SMH, E7427 PR,
F3761 PR).

Further evidence supporting segregation of P. cepacia flagellins into two
types was obtained by determining their serological relationships. This
approach has been used succesfully in categorizing the flagellins of P.
seruginosa (1, 2, iS, 16). Hyperimmune antisera prepared against b, 212°
and %34 FAg of P. aeruginosa would not react with any of the non-aeruginosa
pseudomonads (Table 6). Antisera prepared against P. cepacia SMH (Type 1 FAg)
would agglutinate only P. cepacia strains with Type I FAg (Table 7). Antisera
prepared against P. cepacia E8980(1) Col (Type II FAg) would agglutinate only P.
cepacia strains E8980(1) Col and 3765 Pa (Type II FAg); the other five P.
cepacia strains with type II FAg were not agglutinated (Table 7). A similar
oitunti;; is seen with antisera prepared against P. cepacia E4119 Ca (Type 1I
FAg) and D70§2 Ind (Type I1 FAg). These antisera would agglutinate only P.
cepacia strains E4119 Ca and D7072 Ind; the remaining strains with Type II FAg

vere not agglutinated (Table 7). .
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The serological evidence is consistent with the molecular weight results and the
conclusions that a common antigenic relationship exists among Type II flagellins
but not between Type I and Type 11 flagellins. Some homology is shown among
Type II flagellins.
As pointed out earlier, flagellin isolated from different strains of

Pseudomonas aeruginosa differ antigenically as detected by cross agglutination

(1) aund indir;ct fluorescent antibody technique (15). Lanyi (1) and Ansorg (2)
have reported that there are two major types of flagellin among strains of P.
aeruginosa: type "a" shows a complex antigenic structure with several
combinations of subtypes agp, a], a3, a3, and a;; type "b" shows a

uniform antigenic structure (2). These differences in P. aeruginosa flagellin
types have also been demonstrated electrophoretically. Type ﬁb" flagellins have
a molecular weight of 53,000 while the "a" type flagellins range from 43,000 to
52,000 (3, 17).

Results obtained in this investigation demonstrate that there are also
major differences between the flagellin molecular weights of various Pseudomonas
species. The large variation in molecular weights between Pseudomonas species
is not surprising since the species studied are taxonomically distant (18, 19,
20). This taxonomic relationship is supported by the fact that hyperimmune
antisera raised asgainst P. seruginosa flagellin types (b, LIPY a°3a)
would not agglutinate any other Pseudomonas species. By various criteria, P.
stutgeri is taxonimically close to P. aerugionsa (18). Of the five Pseudomonas
RNA homology groups, both P. stutzeri and P. aseruginosa are in RNA homology
group 1 (19..20). This taxonomic relationship may be further reflected by P.
stutzeri flagellin having a molecular weight similar to the b flagellins of P.

seruginosa. Pseudomonas maltophilia and P. cepacia are taxonomically distant
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from both P. aeruginosa and P. stutzeri. Pseudomonas cepacia is in RNA homology
group II while P. maltophilia is in group V (18, 19, 20). This may also be
reflected by the dissimilarity of the molecular weights of their flagellins in
comparison to the flagellin of P. stutzeri and P. aeruginosa. It is interesting
to note that the complex flagella of P. rhodos (a nomenspecies of Pseudomonas
that has been incompletely described) are composed .of flagellin with a molecular
weight of 55,000, identical to that of P. stutzeri (18, 21). This raises the
possibility that P. rhodos might one day be placed in RNA homology group I along
with P. stutgeri if flagellin molecular weights correlate with RNA homology.

A more detailed examination of P. cepacia isolates revealed that flagellin
from P. cepacia strains could be separated into two distinct groups. Type I
exhibited a molecular weight of 31,000; Type II had molecular weights of 44,000
to 46,000. The molecular weight relationships apparently llre reflections of
antigenic relationships since hyperimmune antisera rsised against P. cepacia
Type I flagellin will only agglutinate Type I cells; no cross~reactivity with
Type 11 strains was observed. However, hyperimmune antisera raised against P.
cepacia strain E8980(1) Col (Type Il FAg) would agglutinate two of the seven
type 1I strains, E8980(1) Col and 3765 Pa. Hyperimmune antisera prepared
against P. cepacia E4119 Ca (Type II FAg) and P. cepacia D7072 Ind (Type II FAg)
would also agglutinate either E4119 Ca or D7072 only; however, neither would
agglutinate any of the remaining five Type II strains. The lack of
cross~agglutination may suggest that there are smsll differences in Typé I1
flagellins analogous to that observed with the various P. aeruginosa "a"
flagella antigen subtypes (2). These Type II molecular weight and serological
differences may be due to slight differences in amino acid sequence and/or

arrangement. The uniform "b" type of P. aeruginosa may be an analogous
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situation to Type I of P. cepacia since both groups ciearly contain, within
their own group, flagellins of homologous molecular weight and antigenicity.

Although Type 1 flagellins of P. cepacia do show homology, there is a
double banded pattern in these flagellins. This observation suggests that
either two monomeric flagellins of nearly jdentical molecular weight exist in
each flagellum or that two closely related proteins are associated with at least
two different flagella present on P. cepacia Type I cells. A two component
flagellin system is common among the uniflagellated Caulobacters. Seven strains
have been found to have two flagellins that differed by only 1,600 MW (22). The
two flagellins of Caulobacter crescentus CB13Bla (differing by only 3,000 MW)
are immunologically identical (23). Pseudomonas rhodos produces two types of
flagella: conp1e£ flagella have 55,000 MW flagellins, while the plain flagella
have 37,000 MW flagellins (21). The latter type of flagella are separable into
two slightly different monomers (21). Pseudomonas cepacia has been shown to
possess more than one flagellum (18, 24). These can be in a polar multitrichous
or lateral arrangement (25).

In & study by Johnson (26), 74 isolates of P. cepacia had 1 to 4 polar
flagella and 30 isolates had 5 to 8 polar flage}la. Thirteen isolates exhibited
two types of flagellation, the normal wavy polar flagella and tight curly
lateral flagella. A plausible explanation of the double banded pattern is the
possibility that flagellin dimers were disassociated due to the electrophoretic
procedure. This explanation is unlikely, however, since no "native" dimeric
form (of approximately 60,000 MW) is observed on the gels. More data are needed
to deter-inelthe exact flagella composition of Type I strains.

Characterization of P. cepacia strsins into two flagella antigen molecular

weight types may have merit as a possible epidemiological tool. The
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categorization may serve a role similar to that proposed for other bacteria

(e.g., outer membrane proteins of Neisseria meningitidis, flagella of Serratia

mercescens and Pseudomonas aeruginosa (17, 27, 28).

2) Virulence of Pseudomonas spp. in a burn mouse model: tissue

colonization by Pseudomonas cepacia.

Although P. aeruginosa is not very virulent in normal animals, it becomes
extremely virulent in compromised animals such as burned mice (29). Comparison
of other pseudomonads showed in contrast little lethality until > 107 CFU were
injected. Topical application produced no deaths at 5 x 107 CFU. 1In th; same
animal model P. aeruginosa M-2 was 100% lethal at 102 CFU. Similar to the
non-aeruginosa pseudomonads E. coli injection resulted in only 102 lethality as
has been previously reported (30).

Pseudomonas aeruginosa is a highly invasive organism in compromised hosts.
Within 28 h. of subcutaneous injection of 102 CFU of P. aeruginosa strain M-2
into the burn site, the bacteria rapidly multiplied with 108 CFU/g detectable
in the burned skin (Fig. 9), 105 CFU/g liver and 103 CFU/ml blood. This
dats confirms previous studies. Although less virulent, P. cepacia SMH
colonized the burned skin of thermally injured mice. When 103 CFU of _1_’_
cepacia SMH was injected subcutaneously into the burn site, the levels of P.
cepacia increased within 24 h to 107 to 108 CFU/g burned skin and persisted
at this level for at least 17 days (Fig. 10). When a lower level (102 CFU) of
P. cepacia was injected a similar pattern was observed except that the highest
level obtained was 10% CFU/g burned skin (Fig. 11). Siniiar colonization
patterns were observed with another cepacia isolate strain E7427 PR. With

strain SMH burned skin was colonized for three weeks before declining by four

weeks post injection (Fig. 12),
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Although colonization was prevalent no evidence was found for invasion by
P. cepacia into the blood, liver, or unburned skin. P. cepacia did not colonize
unburned skin when injected s.c. in burned skin of colonized mice. Swabs of
both burned and unburned skin revealed mo P. cepacia present on the skin surface
of the majority of mice, however, a few mice had < 80 CFU on the skin surface.

Mice immunized with P. cepacia SMH FAg (Type 1) did not give significant
reductions in the number of homologous P. cepacia SMH colonizing the burned skin
upon challenge (Fig. 13). Likewise, there was no difference in colonization by
P. cepacia SMH in burned skin of mice that had been immunized previously with
FAg of a heterologous P. cepacia strain E8980(1) Col (Type II), P. aeruginosa
M-2 (Type b), or saline comtrol (Fig. 13).

To explain differences in invasiveness between P. aeruginosa M-2 and the
various Pseudomonas spp., protease assays were carried out (Table 8). All the
non-aeruginosa species gave & negative test for protease compared to P.
aeruginosa M-2, the virulent standard strain. It has already been reported that
Pseudomonas spp. lack exotoxim A (31, 32). Since in particular proteases have
been implicated as virulemce factors (33, 34) we suggest that the absence of
proteases may account for the lack of invasion of tissues and subsequent low
mortality (12). Thus the rapid growth and spreading of motile organisms would
depend on the ability to obtain nutrition from the burned wound which would be
enhanced by extracellular enzymes. High inoculum numbers and/or rapid growth
would increase chances of overcoming host defences at the burned site.
Experiments are currently planned to exsmine the role of proteases in 3..
cepacia invasion by injecting protease with P. cepacia or by co-injecting P.
cepacia and protease producing, but avirulemt, P. seruginosa such as strain

WR-5.
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This ability of Pseudomonas spp. to colonize and persist in a trauma wound
may be significant. It is known that pseudomonads and numerous other
Gramnegative bacilli are very opportunistic in their ability to infect
compromised hosts (35, 36, 37). 1In a hospital enviromment, the extreme
antibiotic resistance of some Pseudomonas spp. invariably results in selective
colonization by theée organisms. Opportunistic infections caused by
non-aseruginosa pseudomonads are difficult to manage and may require frequent and
sometimes toxic antibiotic treatment. Thus, the ability of these organisms to
tenaciously persist in burn wounds may provide a model reflecting on the
persistence of nuisance infections in compromised patieats.

Holder and Montie recently demonstrated a significant level of protection
against normally lethal P. aeruginosa burn infection by immunizing mice with 2
flagellar vaccine (33). Mice so protected had approximately 502 reduction in
the number of bacteria in the liver; however, bacterial counts at the burned
skin vere unchanged (33). In these studies mice immunized and challenged with
the homologous P. cepacia strain SMH (Type 1 FAg) also did not have a
significant decrease in numbers of bacteria persisting in the burn wound. WMo
differencees were seen with other immunogens and heterologous challenge. Thus,
although immunization with flagella signifigantly protects against lethal
infection by blocking the invasive capacity of P. aeruginosa, such treatment has
no effect on the initial proliferation and persistence at the burn wound by
either P. aeruginoss or P. cepacia. Burn wound sepsis consists of two major
phases: proliferation and invasion (38, 39, 40). Studies examining the role of
motility of Pseudomonas spp. in the transition between these two phases are
currently in progress, along with competition experimeats involving P.

aeruginoss and other Pseudomonas spp. in the burned mouse model.
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Table 1. Comparisons of kmown B antigens of P. seruginosa with B antigens of
various waksows straiss

Antigenic Plagellio Unidentified
(s)? i . wt.® reins®

170002 ) > 53,000 2,1264, PAO (PJ108 -
" A6, etc.) SBI-1
15084 10 1 ] - n1-4, N1, (O

serotypast §,3,6)

5142 16 a 33,000 -
13030 H) 9 " -
5939 1 agay 52,000 -
5933 s ap.8),82 51,000 1210, 19660, 7191?
- - - - wR5(48,000) ,00B-1 (49,000)
3940 (] 9,2 47,000
170018 - 983,86 45,000 -

s. Obteined frem R. Amsorg, based e IATS stewderd typing.

5. Thess estigenic types were differestisted weing the imdirect flworescest
satibedy techuique.
antigen & is charsctarised by the fscter ap which is commen to sll "o"
flagella, sud the independent purtial facters, ), 83, 03, & The
sarotype of flagells bearing the somplex satigen s are dotermined,
tharefore, by the commes facter s and the partiel facters sj-sy i»
verious cembimatisus.

c. These straiss ave claseified according to & similar or the came wobilities
on SDE-PACL. A question merk iadicstes we hove mot matchad the mkseowe with
. & known satigesic strais.

d. O osretyping methed frem Nomme et sl., Japssese Jowrual of h'.uh.ul
Nodicine Vol. 47 Be.3 p. 193-201, 1977,

Table 2. Cross~agglutisation resctions weing Pig smtisere®

2. gerugimops etraims

amtisers® N-2 531-8 $31-1 $B1-§ 170001 13030 Gws-1 WS 5933 170018
M) ) (M- () (200 (a?) (a?) (agajay) (ageyes)

| o] - - - . - “\ - - - -
»)

170001 - - . - - - - - - -
M

:”, ) - - - - - - - - - -
&

T o P T T S
(agagny)

s. Aggletisacion sssays were performed os follows: turbid suspencions of bacteris
frem TSA plates were made ia 0.853 ssliss. 4 45 wl drep of 10x~diluted saticars
was odded. The olides wers then rockad geatly and esatisusesly useitered fer
sgglutisation for 2 uisutes and graded o follows:

*;  otreng aggletisation
o: mederste-weak agglutimation
«: 9o sggletisation

sntigeaic componsst(e) sre ia psrentheses.
5. Radbite were immumised with PAg sscording to a wedification of the presedure of

Lagenave {.l.l.l (64). Biz injectivns of FAg wre given over a 29 day perisd
folloved By sar vein blesding sne wesk later.




Table 3. Compsrison of protection ip burmed WA/ICR
wice using native or denstured FAg

Issunogen® -2 Challenge® (CFU) Mortslityt
2.3 2 10% s
Boiled Pag 2.3 2 104 s/5
2.3 =103 &/5
2.3 5105 o/
Sorhoiled PAg 2.3 = 104 15
2.3 5109 15
2.3 2103 S5
Costrol 2.3 x 106 s/
2.3 2100 s

a. Immuvaised 1.M. with 1 wg N=2 PAg, boiled or sos-boiled, or 0.1
ol 0.85% salise for ceatrol.

b. Berain P. spryginces B-2 challesge was )4 doys following
injection.

¢. Cumulative mortality is & test growp of five mice scored over s
seven day peried.

1 -
p Table 4. Comparivon of pretsctien in bursed CM/EEJ
wice woing sstive or denstured Faog
Ismusogen® -2 Chsllenget (CPV) Mortalityd
2.6 % 103 55
Boiled Pag 2.6 2 104 LY}
2.6 z 10? sn
2.6 5 103 2/5
Tov-boiled Pag 2.6 2 104 1/8
2.6 3108 2
2.6 » 103 LT,
Costro) 2.6 x 106 1Y)
2.¢ 2 108 / 17,1

8. Thess miss ore wot~respeunsive to L. go0li oud Salnensils LPS.

b, lsmeaised 1I.M. with ] ug N=2 Pig, beiled or sew=beiled, or 0.1
®l 0.85% ealine for eentrel.

s. Sersis ‘E. 291usinges V-2 ehallenge was 14 doys follewing
injectiva.

4. OCwmslative mertalicy is o test growp of five nice seored over o
seves day peried.




Table 5. Comparison of protection in bursed BA/ICR mice

using poiymyzio B trested or wotreated Fag®

Iamusogen® w2 Challenget (CFD) Mortslityd
"2 Pag 7.7 5 106 1/5
7.7 2100 o/
w2 Pag + 7.7 5 106 Y, )
Polymymia B 7.7 x10° s
w2 Ple- PAg 7.7 x 108 7]
7.7 2108 s
M2 Pie~ PAg ¢ 7.7 = 108 LY, ]
polyoyxin B 7.7 5 108 Y3
Polyuyzis B 7.7 2 104 7; ]
7.7 x 103 Y
Sos-impenined 7.7 2 100 5/5
7.7 5103 &/5
Salise Control Row~challeaged [ 7]

o. VaAg trested by imewbating with polywyxie B for J0 sims (RT) o2 »
ratio of 1 wg PAg:10 ug polymyxia B.

. Iemvaised I.N. with ) wg M=2 or N=2 Pls- FAg (treated or
wtrested), 10 ug polymyzin 3 iv 0.1 m] 0.852 eslise, or 0.1 m2

0.052 calive as semtrol to test lethality of durs iteelf.

c. Streis P. serugigves -2 challeage was 14 deys follewimg

injectisn.

4. Osmulative mertality in s test growp of five nice scored over o

soven day peried.

Zable 6. Blide Agglutimastion As
2snikinoss

Agaiost P.

:::0 of Rpgudomopas Species vitk Amtisers

Agglutination with

Aﬂt ;O;f;

e Taggis | T g | T

PURINOSA

Lomalcovhilia MO Pls

Lo stusseri KRV,

2. sarmaisess Ms type w2
2. sarsaisess ?as type ag3s-
2. sarusiaees Pag type .
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Teble 7. Slide Agglutimstion Assays of Pasudomonas Species with Antisera

Ageinst P. Cepacis Fag.

Agglutinacion with
v, e

R, _ceppcis SNRS

Antiseras

Col 3 a® ] D072 1ud®

2. _cepecia Ksl)9 Cob

2._capecis 3763 Pt

2. _cepecis F3761 pRo

!. -I!ﬂqi' 29 L47]
Lo sturseri WAV

2. sepacis Yag type 1.
b2. sepscis Pag type II.

Teble 8. Proteclytic Activity of Pogudemonge Spacies.

Sasssyed o8 dislysed breis heart infusien -m/..u placac.

25



.10.

11.

12.

13.

26

List of Figures
SDS~PAGE of P. aeruginosa FAg Preparationms.
SDS-PAGE of P. aeruginosa FAg Preparations.
SDS-PAGE of P. aeruginosa FAg Preparations.
SDS-PAGE of P. aeruginoss FAg Preparations.
Molecular Weight (MW) Determinations of Pseudomonas Species with SDS~PAGE.
SDS-PAGE of P. cepacia FAg Preparations. .
SDS-PAGE of Pseudomonas Species FAg Preparations.
SDS-PAGE of P. cepacia FAg Preparations.
Quantitative Bacteriology of Burned Skin after Subcutaneous Injection of
1.9 (+0.2) x 102 CFU/0.1 ml of P. seruginosa Strain M-2 into the Burned

Skin Immediately Post-Burn.

Quantitative Bacteriology of Skin after Subcutaneous Injection of P.

cepacia SMH.

Quantitative Bacteriology of Burned Skin after Subcutaneous Injection of
3.2 (+0.8) x 102 CFU/0.1 ml of P. cepacia SMH into the Burned Skin.

Long Term Quantitative Bacteriology of Skin after Subcutaneous Injection of
P. cepacia SMH.

Quantitative Bacteriology of Skin from Immunigzed Mice after Subcutaneous
Injection of P. cepacia SMH (Average Injection of 2.7 x 105 CFU/0.1 ml).




"Y

A BCDETFGCHI

—

Pigure 1. SDS-PACE of P. seruginoss FAp preparations. (Lane A) 5933
(agazsz). (Lane B) 1210 (ageje3). (Lene C) 1210 (ageya2)
Tris~Cl storege. (Lane D) 1210 (agajsz) Tris-C! lyophiliszed storage.
(Lane E) Standard proteins snd their woleculsr weights. From top, phosphorylase

[ »e
‘ * ’ » (92,%00), bovine serus albumin (66,200), ovalbumin (45,000), carbonic
sahydrase (31,000), segbean trypsin imhibitor (21,500), end lysozyme (14,600).
~— oe L - (Lane F) ¥=2 (b). (Lane G) GWB-1 (a?). (Lane H) 170018 (agsg,). (Lane
mm - 1) 8315 (b). 1 ug FAg losded per well.
L)
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o
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' Pigure 3. SUO-PAGE of D. Pag preperstions. Lane i
preteins sod theis uludnlnmnm. Soviee m.‘n{l-h‘zdtx:“ "
ovalbumis (435,000), end D-lestagiobulin (18,600). (Leme B) W-2 (b). (Lewe C)

M-l (a?) © 5940 (apez). (Leme D) GWB-l (a?). (Lase 8) 3940 (ageyp).

(Lase 7) 9940 (ape2) * WR=3 (a7). (Lowe G) WA=3 (s?). (Lame B) WB-} (oY) o
-1 (a?). (Leme I) M-1 (b). § (Lewe A) Stenderd proteias and their welecular
weights. Prem top, phosphorylose D (92,500), bovise serm aldumis (66,200),
ovalbumia (45,000), cardonic sshydrese (31,000), soybess trypsin ianibiter
(21,500), and lysesyme (14,400). (Lawe B) 3040 (ape3). (Lene C) OWB-! (a?)

* 3940 (103). (Lene D) GMB-=} (a?). (Lawe R) ”3 ?qo;). (Lane 7)

GM=1 (a?) ¢ 3940 (aps3). (Leme &) W=2 (B). | ug Pag. leaded por wmil
(eo~cloctrophoresed samples: | ug FAg per sample per weil).
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Figeve 3. SUS-PAGE of 2. serupi Pag preparations. A (Lene A) W2 (V).
(Lave 3) 3940 (agez). (Lewe C) a). (Lage D) 7191 (a¥). (Laue E)

w2 (P). (Leme ) 170001 (b). (Lame G) 5933 (agajez). (Leme B) N=2 (b).
(Lase 1) Stesdard proteins asd their molavular weights. FTrew top, dowine serwm
albumin (46,200), ovaldbumin (43,000), and D-lsctoglobulin (18,400). 3 {(Lsoe A)
7191 (a?). (Lane B) 15084 (D) + 719! (a?). (Lawe C) 15084 (b). (Lsme D)
Standsrd proteins end their moleculer wmights. Prom cop, phosphorylase B
(92,500}, bovine serwm slhwmin (66,200), svalvwmin (45,000, carbonic suhydrase
(31,000), soybess trypeia inhibitor (21,500), ewd lysosyme (14,400). (Lanve E)
7191 (a?). (Lame F) W=2 (B) + 7193 (27). (lame &) #=2 (). (Leme U) Stendard
proteins (vepsat). (Lame I) $31-1 (B). | wg Fag losded per wmil
(co~eloctrophoresed samples: 1 wug PAg per sample per well).

ABCDEFGM

L] [ -
[ -
: Figure 4. SDS-PAGE of P. seruginoss FAg greparstions. (Leme A) Stendard
- e oy = o g proteins end their molacular weights. Fsom top, phosphoryiase 3 (92,500),
. bovine serus albwmin (66,200), orelbumin (45,000}, carbonic sahydrase 13]1,000),
[ Y - soybesn trypsin iabibitor (21,500), end lyscsymwe (14,400). (Lsoe B) 1210
(qasl%) 02 limited, (Lans C) 3210 (agagaz) Oy limited. (Lane
D) 1210 (apajez). (Lane B) Standard proteins (vepast). (Lame ¥) 1210
(apsjag) 03 limited. (Lane 6) 1210 (agagsy) Oy limited. (Lane
8) 1210 (apeje3). 1 ug Pig lesded per weil.
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Pigure 5. MNoleculer weight (W) determinations of Pseudomonss epecies Fag
with SDS~PACE. Stamdard proteins: bovine serum albwmin (66,200), pepsin
(34,700), trypaisogen (24,000) and D-lactoglobulin (18,400).
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Tigure 6. SDB-PACE of 'l PAg preperations. (Lame A) D.
D072 1sd. (Lame 3) AIS60 Fla. C) 3765 Pa. (Lame D) Stendard proteins
o9d their melecular wights. PFrem tep, bovine serwm albwmin (66,000), pepain
(36,700), trypeinogen (24,000), end D~lecteglobulin (18,400). (Lame §) B4119
Co. (Lsme F) F376) 2. (Lame G) SMN.
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Figure 7. SD5-PAGE of Pasud s spacies FAg preparations. (Lsme A) P,
seruginoss N-2. (Lane B) u'o-ﬁ-a <PAGE premized standards, 10,000-100,000
Wi, (Lane C) 2. ilis 369 Fia. (Lave D) P. cepacis SMH. (Lame E) P.
stutgeri MEW. (Lsne F) Standard proteins and their molecular weights. Frow

top, bovioe serwm albumin (66,000), pepein (34,700), trypsinogen (24,000), and
B-lactoglobulin (18,400).
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Figure 8. BSDS-PAGE of P. PAg preperatioas. (Lane A) 2.
. (Lene B) £7427 M. (me%ﬂ Ma. rhu D) 57893 111. %Lu%h
BO9%00(1) Col. (Lase P) £4119 Co. (Lsme G) Sranderd proteins and their

wolsculsr waights. Prem tep, bovine serum albwmin (66,000), papein (34,7007,
teypeinogen (24,000), snd Delactoglobulin (18,400).
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Pigure 9. Quentitative bacteriology of buraed skin nfur.ubeut,nou
injection of 1.9 (+0.2) x 102 CFU/0.]1 ml of P. ssrugivoss strain W-2 into the
burned skin ismedistely post-bura.
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Figere 10. Quancitative dacteriology of skin after swbcwteneows isjection
of P. sapacis M. Iajection of 5.7 (s1.1) = 10° CPU/0.1 wl into waburmed
sice (dotted lise). Iajection of 1.1 (+0.1) = 105 CPD/XO.1 m] info waburaed
ohkis of bursed mice (dashed }ine). Ilajection of 1.0 (20.1) x 10° CPU/0.) ul |
inte burned skia (solid line).
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. Pigure 12. long term quantitstive bacteriology of ekin after subcutaneou
Figure 11. Quantitative becteriology of w.ll\.-ul:::: ::‘::::" injection of . cepacia MaN. 1njection of 5.7 (+1.1) x 10% CPU/0.1 m] into
injection of 3.2 (+0.8) = 104 CPU/0.]1 wml of P. cepacis wabureed mice (dotted lime). Imjection of 1.1 (20.3) 2 105 CPU/.1 w! into
okin. wnburned skio of burned mice (dashed lime). lsjection of 3.4 (+0.3) x 105
CrU/0.1 ml imto burmed skin (solid lime).
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Pigere 13. Quantitative buurhlqz of uhh!;- :—..:-;c;u;ogtm
sneous injection of P, fmsgg M (sverage ection of 2.7 &
::17:1 sl). id.. were él sed av follews: 2. B8980(1) Col Pag
Cdashed line); % M2 PAg (solid lime); P. cappcis MM Fag (dotted
ond dashed line); saiine control (dotted lime).







