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Lipopolysaccharide (LPS) is a unique biopolymer
of gram-negative bacteria. It is an important construc-
tive element of the cell envelope and the main outer
membrane antigen of gram-negative bacteria. LPS
composition and structure are currently recognized as
important chemotaxonomic criteria enabling research-
ers to determine phylogenetic relationships between
bacteria and to trace back their evolutionary pathways,
since individual structural parts of the LPS molecule,
namely, the 

 

O

 

-specific polysaccharide (

 

O

 

-PS), the core
oligosaccharide, and lipid A, are different in structure
and functions and exhibit different degrees of conserva-
tism.

Being microbial endotoxins and 

 

O

 

-antigens, LPS
play a leading role in the infectious process; therefore,
their study can provide insight into the mechanisms of
interrelationships in the host–pathogen system. Pro-
ceeding from the foregoing, the study of the LPS of
gram-negative bacteria arouses the unflagging interest
of investigators.

We have been conducting systematic studies of the
LPS of the widespread saprophytic bacteria of the spe-
cies 

 

Pseudomonas fluorescens.

 

 In its physiological,
biochemical, and genotypic characteristics, this is a
heterogeneous group of bacteria whose strains are sub-
divided into five biovars in the 

 

Bergey’s Manual

 

 [1]. At
present, the taxonomic rank of individual biovars is
subject to debate. Strain differences are noted within
biovars as well. Numerical analysis fails to outline the
subgroup of strains corresponding to biovar I described
in the literature, which is the type biovar for the species.
Except for several strains, the homology level of biovar I
strains with the type strain of the species was not deter-
mined. Thus, at present, many problems concerning the
taxonomy of the above-mentioned bacteria are to be
solved. Their solution necessitates the use of chemotax-
onomic criteria, which are usually more conservative
than phenotypic properties. One of the chemotaxo-
nomic criteria are the LPS properties.

 

P. fluorescens

 

 representatives are not infrequently
isolated from clinical samples [2], but their possible
pathogenicity remains to be elucidated. Considering
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Abstract

 

—From the biomass of five 

 

Pseudomonas fluorescens

 

 biovar I strains, including the 

 

P. fluorescens

 

type strain IMV 4125 (ATCC 13525), lipopolysaccharides (LPS) were isolated (by extraction with a phenol–
water mixture followed by repeated ultracentrifugation), as well as individual structural components of the LPS
macromolecule: lipid A, the core oligosaccharide, and 

 

O

 

-specific polysaccharide (

 

O

 

-PS). 3-Hydroxydecanoic,
2-hydroxydodecanoic, 3-hydroxydodecanoic, dodecanoic, hexadecanoic, octadecanoic, hexadecenoic, and
octadecenoic fatty acids were present in lipid A of the LPS of all the strains studied. Glucosamine, ethanola-
mine, and phosphoethanolamine were revealed in the lipid A hydrophilic part of all of the strains. Glucose,
rhamnose, mannoze, glucosamine, galactosamine, KDO, a trace amount of heptoses, ethanolamine, phosphoe-
thanolamine, alanine, and phosphorus were identified as the main core components. Interstrain differences in
the core oligosaccharide composition were revealed. Structural analysis showed that the O-PS of the type strain,
as distinct from that of other strains, is heterogeneous and contains two types of repetitive units, including
(1) three L-rhamnose residues (L-Rha), one 3-acetamide-3,6-dideoxy-D-galactose residue (D-Fuc3NAc) as a
branching substitute of the L-rhamnan chain and (2) three L-Rha residues and two branching D-Fuc3NAc res-
idues. The type strain is also serologically distinct from other biovar I strains due to the LPS 

 

O

 

-chain structure,
which is similar to those of the strains of the species 

 

Pseudomonas syringae

 

, including the type strain. The data
of structural analysis agree well with the results of immunochemical studies of LPS.
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the significant role of LPS in the infectious process,
their study can make a certain contribution to the solu-
tion of this problem. 

We have been studying the LPS of 

 

P. fluorescens

 

strains assigned to biovar I. To date, we have character-
ized the LPS from five strains of this biovar at the struc-
tural–functional level [1, 3–9].

The aim of the present work was to carry out com-
parative analysis of the LPS of the type strain of 

 

P. flu-
orescens

 

 and other strains of biovar I, to characterize
the LPS properties of the biovar strains on the whole,
and to clear up the serological interrelationships among
biovar I strains and with strains of other taxa.

MATERIALS AND METHODS

The subjects studied were 

 

P. fluorescens

 

 strains
IMV 4125 (ATCC 13525), IMV 472, IMV 1152, and
IMV 1433, which were obtained from E.A. Kiprianova
(the collection of the Institute of Microbiology and
Virology (IMV), National Academy of Sciences of
Ukraine) and strain IMV 7769, which was identified
and provided for study by L.A. Pasichnik.

The conditions for growing the bacteria and the pro-
cedures for the preparation of the microbial mass, LPS
recovery and purification, and the obtaining of individ-
ual structural parts of the LPS macromolecule—lipid
A, the core oligosaccharide, and 

 

O

 

-specific polysaccha-
ride (

 

O

 

-PS)—are described in [1, 3]. Neutral sugars
were determined, after the acid hydrolysis of the sam-
ples, by GLC [3] as polyol acetates and by ion-
exchange chromatography [7]. The amino compounds
(amino sugars, ethanolamine, phosphoethanolamine,
amino acids) were determined, after acid hydrolysis of
the samples, on an amino acid analyzer [5]. The lipid A
fatty acid composition was determined, after methanol-
ysis of the samples, by GLC and GLC–mass spectrom-

etry as described in [10]. The components of the hydro-
philic part of lipid A macromolecule (amino sugars,
ethanolamine, phosphoethanolamine, amino acids) were
analyzed, after acid hydrolysis of the samples, on an
amino acid analyzer. The structural analysis of the 

 

O

 

-PS
fractions was carried out as described earlier [4, 6, 9].

The sample contents of carbohydrates, protein,
nucleic acids, KDO, heptoses, and phosphorus were
determined as described earlier [1, 11].

The preparation of 

 

O

 

-antisera and the methods of
the serological studies were presented earlier [1, 3].

RESULTS AND DISCUSSION

The biopolymers isolated from the microbial mass
of the strains studied by phenol–water extraction con-
tained all the characteristic components of LPS (carbo-
hydrates, lipid A, protein) (Table 1) and were active in
the reactions of ring precipitation, double agar diffu-
sion (DAD) according to Ouchterloni, and immunoen-
zyme assay (IEA) with the homologous 

 

O

 

-serum.

As can be seen from the data presented, 

 

P. fluore-
scens

 

 type strain 4125 differs from other biovar I strains
by a low LPS yield. Strain 7769 isolated as a rye phy-
topathogen [1] is characterized by a higher, as com-
pared with the saprophytic strains, LPS content and its
weak retention in the outer membrane (it can be washed
out with a saline solution). This feature is also typical
of phytopathogenic strains of the species 

 

Pseudomonas
syringae

 

 [11] and may be related to the phytopathogen-
esic process, one of the symptoms of which is the
obstruction of conducting vessels with substances of
carbohydrate nature.

After treating LPS with 1% CH

 

3

 

COOH, the struc-
tural parts of its macromolecule were obtained. The
lipid A fraction was isolated as a water-insoluble pre-
cipitate. A distinctive feature of the type strain IMV
4125 was the highest content of this fraction (Table 1).
The water-soluble products of LPS hydrolysis were
separated on a column with Sephadex G-50. As can be
seen from the elution profiles (Fig. 1), native LPS prep-
arations of all strains were represented by a mixture of
the S-and R-types of molecules, which is evidenced by
the presence of the high-molecular-weight fraction of
the 

 

O

 

-specific polysaccharide (peak I) and the low-
molecular-weight fractions of the core oligosaccharide
(peaks II and III). Each of the strains was characterized
by an individual polysaccharide elution profile. S-LPS
prevailed in the LPS mixture of strain 4125; this is char-
acteristic of the LPS of the 

 

P. syringae

 

 strains studied
[12]. In most of the strains, R-LPS prevailed in the total
preparation, as evidenced by a relatively high content of
the core oligosaccharide fractions. The prevalence of
R-LPS is characteristic of the LPS of the human patho-
gen 

 

P.

 

 

 

aeruginosa

 

; this, according to the literature data
[13], may be linked to the peculiarities of the infection
process caused by this bacterium. Thus, some strains of

 

Table 1. 

 

 General characterization of the LPS preparations
isolated from different 

 

P. fluorescens

 

 strains

Component
(% of the of the dry 
preparation weight)

Strains

4125 472 1152 1433 7769

Carbohydrates

 

1

 

36.6 42.0 38.0 50.0 16.5
Lipid A

 

2

 

84.4 40.0 45.0 50.0 62.8
Protein

 

3

 

2.8 3.0 0.6 1.5 1.4
Nucleic acids

 

4

 

Traces Traces Traces Traces 1.3
Phosphorus 2.9 4.0 3.4 5.0 4.5
Serological activity + + + + +
Yield

 

5

 

0.6 2.9 2.6 5.5 10.0

 

1

 

 Determined by the reaction with phenol and sulfuric acid. 

 

2

 

 The precipitate formed after treating LPS with dilute acetic acid.

 

3

 

 According to Lowry method. 

 

4

 

 According to Spirin’s method.

 

5

 

 % of the dry bacterial mass weight.
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the saprophytic species 

 

P. fluorescens

 

 are similar in this
parameter to bacteria pathogenic to warm-blooded ani-
mals, and other strains are similar to phytopathogens.

Analysis of the fatty acid composition of lipid A
fractions by GLC using columns with 5% SE-30, 5%
DEGS-PS, and the corresponding markers of fatty acid
methyl esters showed the presence of saturated and
unsaturated fatty acids, as well hydroxy acids with a
long carbon chain (from 

 

ë

 

10

 

 to 

 

ë

 

18

 

), in the type strain
and other strains of this biovar. The fatty acid methyl

esters were identified using GLC–mass spectrometry.
Interpretation of mass spectra was described in detail
earlier [14].

The final results of qualitative and quantitative anal-
ysis of the lipid A fatty acid compositions of different

 

P. fluorescens

 

 biovar I strains are shown in Table 2.

It can be seen from this table that dodecanoic
(

 

ë

 

12 : 0

 

), hexadecanoic (

 

ë

 

16  :  0

 

), and octadecanoic
(

 

ë

 

18 : 0

 

) saturated fatty acids; hexadecenoic (

 

ë

 

16 : 1

 

) and
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Fig. 1.

 

 Elution profiles of the LPS polysaccharides of (a) 

 

P. fluorescens

 

 IMV 4125, (b) IMV 472, (c) IMV 1152, (d) IMV 1433, and
(e) IMV 7769 upon gel filtration on a column with Sephadex G-50: I is the fraction of 

 

O

 

-specific polysaccharide; II and III are the
fractions of the core oligosaccharide; 

 

V

 

0

 

 is free volume.
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octadecenoic (

 

ë

 

18 : 1

 

) unsaturated fatty acids; 3-hydroxy-
decanoic 

 

(3-éç-ë

 

10 : 0

 

), 2

 

-hydroxydodecanoic

 

(2-éç-ë

 

12 : 0

 

),

 

 and 3-hydroxydodecanoic (

 

3-éç-ë

 

12 : 0

 

)
hydroxy acids revealed in the lipid A composition of
the type strain occur in other biovar I strains as well.
The hydroxy acids revealed in all of the strains often
occur in typical pseudomonads (representatives of
rRNA homology group I [10, 11]). Most 

 

P. fluorescens

 

biovar I strains exhibited a high specific content of
hydroxy acids (44.7 to 83.9%). The type strain IMV
4125, whose lipid A contained a relatively lower
amount (32.4%) of hydroxy acids was an exception.
Low content of hydroxy acids (13.4 to 24.0%) is char-
acteristic of 

 

P. syringae

 

 lipids A [10, 11]. Thus, the type
strain of 

 

P. fluorescens

 

 bears resemblance to 

 

P. syringae

 

strains by this parameter as well. The biovar I strains sig-
nificantly differed in the quantitative contents of particu-
lar fatty acids and virtually did not differ in their qualita-
tive composition. 2-Hydroxydecanoic (

 

2-OH-C

 

10 : 0

 

)
fatty acid was additionally detected only in strain IMV

7769. It should be pointed out that the attribution of
hexadecenoic, octadecenoic, hexadecanoic, and octa-
decanoic acids to the pool of lipid A fatty acids is ten-
tative due to the possible presence in the preparation of
a mixture of phospholipids coextractable from the cells
with hot phenol and due to possible partial degradation
of other fatty acids [10]. However, we did not succeed
in obtaining preparations lacking these fatty acids after
the special treatment of LPS with methanol and chloro-
form to eliminate the possible admixture of phospho-
lipids, as described earlier [10], and even after LPS
dephosphorylation in the case of strain 472 [7].

Glucosamine and phosphoethanolamine were
detected as the constituents of the hydrophilic part of
the lipid A macromolecule (Table 3). The detection of
glucosamine as the only amino sugar in four strains
may indicate that the lipid A carbohydrate skeleton in
the bacteria studied is represented by the residues of
this sugar, which was the case in most of the gram-neg-
ative bacteria studied [10]. Strain IMV 7769, whose
lipid A composition contained, in addition to glu-
cosamine, unidentified amino compounds, was very
distinctive among other strains. All lipids A are phos-
phorylated. Lipids A of the type strain IMV 4125, and
strain IMV 7769 differed from lipids A of the other
strains by their low phosphoethanolamine content.

Neither ion-exchange chromatography nor GLC
revealed neutral sugars in the lipid A composition.

Thus, the strains studied are similar to each other in
their lipid A fatty acid composition. The components of
the hydrophilic part of the lipid A macromolecule are
typical of the lipids A of most gram-negative bacteria.
However, interstrain differences, which are indicative
of the heterogeneity of the group of the bacteria stud-
ied, were also revealed.

Neutral sugars (identified by GLC in the form of
polyol acetates), amino compounds (determined on an
amino acid analyzer), and carbohydrates (determined
by their specific reactions) (Table 4) were found to be
the constituents of the core oligosaccharide fraction
obtained by gel filtration on Sephadex G-50 (Fig. 1,
peak I). Part of them (glucose, glucosamine, KDO, hep-
toses, ethanolamine, phosphoethanolamine, and phos-
phorus) are the characteristic components of this part of
the LPS macromolecule in most gram-negative bacteria
[15]; rhamnose, glucose, galactosamine, glucosamine,
and alanine are often present in the core oligosaccha-
ride of pseudomonads [11, 12, 15]. It should be pointed
out that, of neutral sugars, only glucose had been found
in the only 

 

P. fluorescens

 

 LPS core characterized at the
structural level [16]. As seen from the comparative data
presented, the LPS core of 

 

P. fluorescens

 

 biovar I
strains contained not only rhamnose, but also sugars
that are not typical of this part of the LPS macromole-
cule, such as fucose, arabinose, mannose, and galac-
tose. In addition to glucosamine and galactosamine
(amino sugars common for the LPS core region), other

 

Table 2.

 

  Fatty acid composition of lipid A of the LPS of diffe-
rent 

 

P.  fluorescens 

 

biovar I strains (% of the total GLC peak area)

Fatty acid
Strains

4125 472 1152 1433 7769

2-OH-C

 

10 : 0

 

– – – – 6.5

3-OH-C

 

10 : 0

 

7.8 9.5 23.4 6.8 11.5

C

 

12 : 0

 

14.8 4.6 7.4 6.6 16.5

2-OH-C

 

12 : 0

 

12.6 9.2 31.8 19.6 27.2

3-OH-C

 

12 : 0

 

12.0 26.0 28.7 27.1 6.8

C

 

16 : 1

 

13.3 25.5 1.7 8.0 4.5

C

 

16 : 0

 

23.7 12.6 3.4 17.9 20.2

C

 

18 : 1

 

13.0 11.3 2.6 6.9 3.7

C

 

18 : 0

 

2.9 1.3 0.5 1.2 3.0

 

Note: “–” denotes the absence of a fatty acid.

 

Table 3.

 

  Components of the hydrophilic part of lipids A

Component, %
Strains

4125 472 1152 1433 7769

Glucosamine 5.7 4.6 5.3 4.8 0.7

 

X – – – – 2.0

X1 – – – – 0.3

X2 – – – – 1.4

X3 – – – – 2.2

Phosphoethanolamine 0.3 1.4 1.4 1.6 0.2

Phosphorus 2.7 3.2 3.0 4.2 1.2

Note: X, X1, X2, and X3 are unidentified amino compounds with reten-
tion times (relative to the standard (NH3)) of 0.63, 0.65, 0.67,
and 0.81, respectively; “–” denotes absence of the component.
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amino sugars, e.g., N-acetyl fucosamine and N-acetyl
quinovosamine, were present in the only P. fluorescens
LPS core characterized at the structural level. In the
bacteria studied in the present work, other amino sugars
(unidentified) were revealed only as the core constitu-
ents of strain IMV 7769. All this may be evidence in
favor of the possibility of the occurrence of different
structural core types in the bacterial group studied. Sev-
eral structural types of the LPS core oligosaccharide
have been described in P. aeruginosa [17]. All the
P. fluorescens strains studied were characterized by a
low content of the inner core components (KDO and
heptoses). The cores were rich in phosphorus, similar to
the only P. fluorescens LPS core characterized at the
structural level [16]. Individual strains differed in the
qualitative composition of their core components and in
their quantitative ratio.

We determined the core oligosaccharide heteroge-
neity of the bacteria studied. Thus, as seen from the
HPLC elution profile of the strain IMV 472 core oli-
gosaccharide on a µSpherogel-Carbohydrate column
(Fig. 2), the preparation contained three components
with different mobility, which seem to represent the
core oligosaccharide fragments differing in the degree
of completion of the biosynthesis process.

Thus, by the composition of the core, a phylogenet-
ically conservative part of the LPS macromolecule
[16], the strains studied represent a group of related, but
not identical, bacteria.

The results of the analysis of the monosaccharide
composition of the LPS O-PS fractions of different
strains are given in Table 5.

It follows from the comparative data shown that
sugars rarely occurring in nature, such as D-fucose,
3-acetamide-3-deoxy-D-fucose (the characteristic LPS
components of P. syringae [11, 12, 18, 19]), and 4-ace-
tamide-deoxy-D-fucose (revealed earlier only in two
microbial polysaccharides, as a constituent of Escheri-
chia coli O10 and as the common antigen of enterobac-
teria [4]), were present in the O-PS composition of the
type strain 4125 and of the other biovar I strains. The
simultaneous presence of the D- and L-isomers of
N-acetyl quinovosamine in the LPS of the type strain is
a unique feature. Thus, the type strain is unique among
biovar I strains in the monosaccharide composition of
the LPS O-chain. A total of three O-chain chemotypes
were discovered in the strains studied.

Complete structural analysis of the LPS O-PS of the
P. fluorescens biovar I strains, carried out using NMR
spectroscopy, showed that the LPS O-PS of the type
strain is not strictly regular. It follows from the struc-
tural analysis data that the O-PS of strain 4125 (ATCC
13525) of P. fluorescens is made up of two types of
repetitive oligosaccharide units with structures 1 and 2
(Table 6) or is represented by two structurally related
regular polysaccharides constructed of repetitive units

1 and 2. Based on the rhamnose and Fuc3NAc ratio
determined from data of GLC and NMR spectroscopy
(the ratios of partially methylated rhamnose derivatives
as well as the ratios of the oligosaccharides obtained
after decomposition according to Smith), the repetitive

Table 4.  Component composition of the core oligosacchari-
de fractions

Component
Strains

4125 472 1152 1433 7769

% of the total GLC peak area
Rhamnose 19.8 9.0 24.6 19.0 27.4
Fucose – – – 19.0 –
Arabinose 0.2 – 8.5 – –≠
Mannose 18.0 – 2.3 – –
Glucose 61.0 86.7 27.5 23.0 52.6
Galactose Traces 3.7 ëÎ. 36.0 Traces

% of the dry preparation weight
Glucosamine 1.0 9.5 3.1 10.5 2.2
Galactosamine 0.4 2.9 8.8 4.9 0.9
X1 – – – – 6.9
X2 – – – – 1.6
KDO 0.6 0.9 0.9 0.9 2.8
Heptoses Traces Traces Traces Traces 0.8
Ethanolamin 0.6 – 0.1 Traces 0.2
Phosphoetha-
nolamine

0.8 0.7 0.7 0.7 0.9

Alanine 2.0 3.7 4.0 8.0 0.7
Phosphorus 3.6 3.5 3.9 4.8 7.8
Note: X1 and X2 are unidentified amino sugars with retention

times relative to the standard (NH3) of 0.86 and 0.88, respec-
tively; “–” denotes absence of the component.

0 5 10 15
min

Fig. 2. HPLC-profile of the core oligosaccharide fraction on
a µSpherogel-Carbohydrate (Beckman) column; eluent,
H2O; detector, a refractometer.
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tetrasaccharide unit 1 constitutes approximately 60%.
A similar LPS heterogeneity was also found in the LPS
of many strains of P. syringae [12, 19, 20] Burlkolderia
cepacia and Ralstonia solanacearum [21].

The biological expedience of such heterogeneity has
not yet been understood, but it seems to be related to the

adaptation of bacteria to the ever-changing environ-
mental conditions.

As seen from the comparative data of the structural
analysis of the O-PS of the P. fluorescens biovar I
strains studied (Table 6), the heterogeneous O-PS of the
type strain IMV 4125 (structures 1 and 2) does not bear
structural resemblance to the O-PS of the other biovar I
strains. The comparison of the determined structure and
the structures described earlier for the pseudomonad
strains of other taxa showed a high degree of similarity
between the O-PS of IMV 4125 and that of P. syringae
strains (Table 7). Structure 1 (Table 6) of the O-PS of
strain IMV 4125 is identical to that of the O-PS of
P. syringae pv. tabaci IMV 223 strain (Table 7) and is
similar (to a varying degree) to the O-PS of the strains
shown in this table, including IMV 281, the type strain
for P. syringae. It can be seen that the LPS O-PS of
strain IMV 281 also demonstrates structural heteroge-
neity and is represented by two types of repetitive units
(structures 3 and 4).

To date, structure 2 (Table 6) of the IMV 4125 O-PS
is unique.

Structure 3 of the O-PS of strain IMV 472 described
has no counterpart either among P. fluorescens biovar I
strains or among the other bacteria studied so far.

Table 5.  Monosaccharide composition of O-PS (molar ratios)

Sugar residues 
(number)

Strains

4125 472 1152 1433 7769

L-Rha 2.5 2 – – –

D-Fuc – 1 – – –

D-Fuc3NAc 1 – – – –

D-Fuc4NAc – – 1 1 1

D-QuiNAc – – 1 1 1

L-QuiNAc – – 1 1 1

D-GlcNAc – 1 – – –

Note: “–” denotes absence of the component. L-Rha, L-rhamnose;
D-Fuc, D-fucose; D-Fuc3NAc, 3-acetamide-3-deoxy-D-fucose;
D-Fuc4NAc, 4-acetamide-4-deoxy-D-fucose; D-QuiNAc,
N-acetyl-D-quinovosamine; L-QuiNAc, N-acetyl-L-quino-
vosamine; D-GlcNAc, N-acetyl-D-glucosamine.

Table 6.  Structure of the O-PS of P. fluorescens biovar I strains

α-D-Fucp3NAc

1

↓
2

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
1

α-D-Fucp3NAc     α-D-Fucp3NAc

1                          1

↓                          ↓
2                         2

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
2

Strain IMV 4125 (type)

                                                                              α-D-Glcp3NAc

                                                                   1

                                                                   ↓
                                                                   2

→3)-β-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-D-Fucp-(1→
3

Strain IMV 472

→3)-β-L-QuipNAc-(1 → 3)-β-D-QuipNAc-(1 → 3)-α-D-Fucp-4NAc-(1→
4

Strains IMV 1152, IMV 1433, and IMV 7769
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It is only structure 4 (Table 6) that proved common
to three of the five P. fluorescens biovar I strains stud-
ied. Thus, three chemotypes of the LPS O-chains
revealed by the analysis of the monosaccharide compo-
sitions corresponded to their three structural types.
Structure 4 has not yet been described in the LPS of
other bacteria. Proceeding from the literature data [22]
on the LPS structure of the human pathogen
P. aeruginosa, structure 4 mimics the LPS of P. aerug-

inosa by its general architectonics and by the nature of
the monosaccharide residues present in it (linear ami-
noglycan); this may indicate the possibility of the clin-
ical significance of some P. fluorescens strains. The
data on the presence of antibodies against the LPS of
strain IMV 7769 in the blood serum of patients with
gastric ulcer and chronic nephritis in the exacerbation
period [1] support this suggestion, although strain IMV
7769 was originally isolated as a rye pathogen.

Table 7.  Structure of the O-PS of some P. syringae strains

α-D-Fucp3NAc

↓2

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
1

(P. syringae pv. tabaci IMV 223) [18]

                                                                        α-D-Fucp3NAc

                                                                                  ↓3

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
2

(P. syringae pv. tomato IMV 140R) [19]

                                                                                                      α-D-Fucp3NAc

                                                                                                                 ↓3

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
3

                                                                        α-D-Fucp3NAc

                                                                                   ↓3

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
4

(P. syringae pv. syringae IMV 281, IMV 460) [19]

                                                                                                       α-D-Fucp3NAc

                                                                                                                  ↓3

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
3

                                                                                                       α-D-Fucp3NAc

                                                                                                                  ↓3

→3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1→
5

(P. syringae pv. syringae (holci) IMV 8300) [19]

         α-D-Fucp3NAc

                   ↓3

→2)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1→
6

         α-D-Fucp3NAc     α-D-Fucp3NAc  
                 ↓3                           ↓3

→2)-α-L-Rhap-(1 → 2)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1 → 3)-α-L-Rhap-(1→
7

(P. syringae pv. maculicola IMV 381, pv. tomato 483) [20]
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The data of structural analysis correlated well with
the results of immunochemical LPS studies. In the IEA
reaction of LPS of different strains with strain IMV
4125 antiserum (Fig. 3), the serological isolation of the
type strain from biovar I strains was ascertained. Obvi-
ously, weak cross reactions with the LPS of the other
strains occur due to the common antigenic epitopes
located in the core and lipid parts of the LPS macromol-
ecule.

The IEA reaction with the serum against strain IMV
7769 (Fig. 4) revealed close serological affinity
between strains IMV 7769, IMV 1152, and IMV 1433,
exhibiting identical structure of the LPS O-chain and a
low serological relatedness of the above strains and
strains IMV 4125 and IMV 472, differing in the O-PS
structure.

Being structurally and serologically isolated among
P. fluorescens biovar I strains, the species type strain
IMV 4125 manifested a very high degree of serological
affinity to strain P. syringae pv. tabaci IMV 223 (Fig. 5),
whose O-chain structure is identical with structure 1
(Table 6) occurring in the heterogeneous LPS of strain
IMV 4125. Despite the significant structural similarity
(Table 7) (L-rhamnan as the main component of the
O-chain); the common branching substitute
(D-Fuc3NAc); the same type of substitution of the
rhamnose residues; and the configurations of glycoside
bonds), the LPS of other P. syringae strains reacted
weakly in IEA with the antiserum against IMV 4125.
These data may be indicative of a very high degree of
specificity of immunological reactions.

Thus, the LPS of the P. fluorescens type strain IMV
4125 (ATCC 13525) and the other studied biovar I
strains (IMV 472, IMV 1152, IMV 1433, and IMV
7769), isolated from the dry bacterial mass by phenol–
water extraction and purified by repeat centrifugation,
contained lipid A, the core oligosaccharide, and O-PS,
i.e., all the characteristic components of the macromol-
ecule of these biopolymers. In the LPS pool of strain
IMV 4125, R-type molecules prevailed, which is not
characteristic of the other biovar I strains studied. Glu-
cosamine, phosphoethanolamine, 3-hydroxydecanoic,
2- and 3-hydroxydodecanoic, dodecanoic, hexade-
canoic, octadecanoic, hexadecenoic, and octadecenoic
fatty acids were identified as lipid A constituents in all
the strains. All these components are also typical of lip-
ids A from the other strains of the true pseudomonads
so far studied. All the main components of the core oli-
gosaccharide were found in the P. fluorescens biovar I
strains studied. The type strain differed in the structure
of the LPS O-chain from the other P. fluorescens biovar
I strains studied, which correlates with the absence of
serological relationships revealed in the IEA reaction.
A varying degree of structural similarity was revealed
between the O-PS of this strain and those of P. syringae
strains, which correlates with the serological interrela-
tionships revealed in the IEA reaction. Thus, the P. flu-
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Fig. 3. Reactions (IEA) of the O-antiserum against P. fluo-
rescens IMV 4125 with (1) homologous LPS and LPS from
(2) P. fluorescens IMV 1152, (3) IMV 1433, (4) IMV 7769,
and (5) IMV 472.

Fig. 4. Reactions (IEA) of the O-antiserum against P. fluo-
rescens IMV 7769 with (1) homologous LPS and LPS from
(2) P. fluorescens IMV 1152, (3) IMV 1433, (4) IMV 4125,
and (5) IMV 472.

Fig. 5. Reactions (IEA) of the O-antiserum against P. fluo-
rescens IMV 4125 with (1) homologous LPS and structur-
ally similar LPS from P. syringae (2) pv. tabaci IMV 223,
(3) pv. syringae IMV 281, (4) pv. syringae (holci) IMV
8300, and (5) pv. tomato IMV 140 R.
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orescens type strain IMV 4125 is also serologically iso-
lated from the biovar I strains and other strains of this
species in the LPS structural properties and bears sig-
nificant resemblance in these features to P. syringae
strains, including the P. syringae type strain IMV 281.

According to the structural peculiarities of LPS and
their serological properties biovar I of P. fluorescens is
a heterogeneous group of bacteria. The interstrain rela-
tionships are best revealed at the level of the composi-
tion and structural specific features of lipid A, phyloge-
netically the most conservative part of the LPS macro-
molecule.

Three of five P. fluorescens biovar I strains studied
have an identical LPS O-chain structure and bear simi-
larity in the general architectonics of the molecule and
in the peculiarities of its composition to the LPS of the
human pathogen P. aeruginosa.
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