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of Proteus mirabilis 028 containing amides of p-galacturonic acid
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The O-specific polysaccharide of Proteus mirabilis 028 was found to contain D-galactose, D-galactur-

onic acid (GalA), 2-acetamido-2-deoxy-D-glucose, L-serine, L-lysine, and O-acetyl groups in molar ratios
1:2:1:1:1:1, the amino acids being linked via their ¢-amino group to the carboxyl group of GalA. The
polysaccharide was studied using "H- and C-NMR spectroscopy, including selective spin-decoupling,
one-dimensional total correlation spectroscopy, two-dimensional homonuclear correlation spectroscopy
(COSY), heteronuclear **C,'"H COSY, one-dimensional NOE, and two-dimensional rotating-frame NOE
spectroscopy and partial acid hydrolysis followed by borohydride reduction, methylation, and GLC/MS
analysis of the derived glycosyl alditols. The following structure of the repeating unit was established:
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Epitope specificity of the P. mirabilis O28 polysaccharide was analysed using a homologous rabbit
polyclonal antiserum in quantitative precipitation, passive immunohemolysis, and inhibition of passive
immunohemolysis. Study with related synthetic glycopolymers (2-acrylamidoethyl glycosides of amides
of a-D-GalA with amino acids copolymerised with acrylamide) showed the importance of D-GalA(L-Lys)
for manifesting serological specificity of the O-antigen. Serological cross-reactions between P. mirabilis
028, S1959, and R14/51959 (a transient-like form) are discussed.
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Gram-negative bacteria of the genus Profteus are important
pathogens which cause mainly wound and urinary tract infec-
tions. The latter sometimes lead to acute or chronic pyelonephri-
tis as well as bacteremia and formation of kidney stones. Several
constituents of these bacteria, e.g. fimbriae, urease, IgA prote-
ase, hemolysins, and lipopolysaccharide (LPS, endotoxin, O-an-
tigen) were identified as pathogenic factors [1—4]. Basing on
O-antigens, Proteus strains are classified into 49 O-serogroups
[5]. Some of them, including P. mirabilis 028, are recognised
to be most important from the clinical point of view.
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Abbreviations. COSY, correlation spectroscopy; GalA, galacturonic
acid; GalA(Lys), N-(galacturonoyl)lysine; GalA(Ser), N-(galacturo-
noyl)serine; LPS, lipopolysaccharide; LPS-OH, alkali-treated lipopoly-
saccharide; ROESY, rotating-frame NOE spectroscopy; TOCSY, total
correlation spectroscopy.

A number of Proteus O-antigens have been found to contain
amino acids, such as L-lysine [6—8], L-alanine [8, 9], and L-
threonine [10], which are amidically linked to the carboxyl
group of D-glucuronic acid [8] or D-galacturonic acid [6—10].
Some of these amides play an important role in immunospeci-
ficity of LPSs [6, 7, 10—13]. We now report the structure and
epitope specificity of the O-specific polysaccharide of P. mira-
bilis 028, which includes two amides of D-galacturonic acid:
with L-serine and L-lysine in the repeating unit.

EXPERIMENTAL PROCEDURES

General methods. These are described in the accompanying
paper [10].

Bacterial strains. P. mirabilis O28 (strain 51/57) was de-
rived from the Czechoslovak National Collection of Type
Cultures. P. mirabilis S1959 and the mutant strains R4/028 (Rc),
R5/028, R14/S1959 (a transient-like form), R13/S1959 (Ra),



706

R110/S1959 (Ra), and R45/51959 (Re) were from the collection
of the Institute of Microbiology and Immunology (Lodz).

Isolation and degradation of LPS. LPSs from P. mirabilis
028, S1959, and R14/S1959 were obtained according to the
Westphal procedure [14]. LPSs from the R-mutant strains were
1solated using the petroleum ether/chloroform/phenol procedure
[15]. Alkali-treated LPS (LPS-OH) was prepared by saponifica-
tion of LPS with 0.25 M sodium hydroxide (56°C, 2 h). LPS
was degraded by hydrolysis with 1% acetic acid (100°C); the
lipid precipitate was removed by centrifugation, and the super-
natant was fractionated on a column of Sephadex G-50 in pyri-
dine acetate pH 4.5 to give a high-molecular-mass fraction (O-
specific polysaccharide), a fraction of the core oligosaccharide,
and a low-molecular-mass fraction which was not further inves-
tigated.

Synthetic antigens. Synthetic 2-acrylamidoethyl a-glyco-
sides of amides of D-GalA with various amino acids, represent-
ing partial structures of P. mirabilis O-antigens and their ana-
logues, were copolymerised with acrylamide to give high-molec-
ular-mass polyacrylamide-based glycopolymers. The details of
this procedure have been reported [16].

Serological techniques. Antisera against P. mirabilis O28,
S$1959, and R14 were obtained by immunisation of New Zealand
white rabbits with heat-killed bacteria (100°C, 2.5 h) as de-
scribed earlier [17].

Quantitative precipitation was performed using a micro
method as reported earlier [18]. Passive hemolysis and inhibition
of passive hemolysis were performed according to the published
method [19].

P. mirabilis 028 antiserum (1 ml) was absorbed at 4°C for
1 h with 1 ml packed sheep red blood cells coated with the re-
spective antigen (200 pg/0.2 ml). The titre of antibodies after
absorption was evaluated using passive immunohemolysis.

NMR spectroscopy. “C-NMR spectra were run with a
Bruker AM-300 instrument in D,0O at 60°C. 'H-NMR spectra
were obtained using a Bruker AM-500 instrument in D,O at
30°C and 70°C. The spectra were run at pH 3 and 6 for the
intact and O-deacetylated polysaccharide, respectively. Acetone
was used as internal standard (6, 2.225, dc 31.45). One-dimen-
sional total correlation spectroscopy (TOCSY), NOE, two-di-
mensional correlation spectroscopy (COSY), and rotating frame
NOE spectroscopy (ROESY) were performed as described
[20, 21].

Sugar and amino acid analysis. Polysaccharide was
hydrolysed with 2 M trifluoroacetic acid (1 ml, 120°C, 2 h), and
the hydrolysate was analysed using a Biotronik LC-2000 sugar
analyser as described previously [20] and a Biotronik LC-4010
amino acid analyser under the conventional conditions.

For determination of absolute configurations of monosaccha-
rides and amino acids, the polysaccharide was heated with
0.1 ml (R)-2-butanol and 0.02 ml acetyl chloride for 3h at
100°C with occasional ultrasonication. The solution was evapo-
rated and the residue conventionally acetylated and analysed by
GLC on a capillary column (25 m X 0.2 mm) coated with SE-54.

O-Deacetylation. The O-specific polysaccharide (50 mg)
was heated with 12% aqueous ammonia (3 ml, 60°C, 2 h), the
solution was concentrated and freeze-dried to give an O-deacety-
lated polysaccharide (45 mg).

Partial acid hydrolysis. The O-deacetylated polysaccharide
(1 mg) was N-acetylated with acetic anhydride in saturated aque-
ous sodium hydrogen carbonate, hydrolysed with 0.1 M hydro-
chloric acid (100°C, 16 h), reduced with sodium borohydride,
methylated with methyl iodide in dimethylsulfoxide in the pres-
ence of solid sodium hydroxide [22], and analysed by GLC/MS
in both chemical ionisation and electron impact mode.
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RESULTS

Characterisation and compeosition of the O-specific polysac-
charide. The O-specific polysaccharide was obtained by cleav-
age with diluted acetic acid of LPS of P. mirabilis 028, isolated
from dry bacterial cells by the phenol/water procedure {14].

Acid hydrolysis of the polysaccharide liberated galactose
and galacturonic acid which were identified using a sugar ana-
lyser. Analysis of the hydrolysate on an amino acid analyser
revealed the presence of glucosamine, serine, and lysine in
almost equal amounts. Absolute configurations of the monosac-
charides (all D) and the amino acids (both L) were determined
by GLC of acetylated glycosides [23] or of esters with (R)-2-
butanol.

The "C-NMR spectrum of the O-specific polysaccharide
contained signals for four anomeric carbons in the region 96—
103 ppm, three carbons bearing nitrogen at 54.7, 55.8, and
57.3 ppm, three hydroxymethyl groups at 61.5 ppm and
63.1 ppm (2C), 15 other carbons bearing oxygen in the region
66—83 ppm, four methylene groups of lysine at 23.1, 27.5, 32.9,
and 40.7 ppm (data confirmed by the attached-proton test), one
N-acetyl and one QO-acetyl group (CH, at 23.7 and 21.4 ppm,
respectively), and six CO groups in the region 170—178 ppm.

The 'H-NMR spectrum of the O-specific polysaccharide
contained seven signals in the low-field region (4.4—5.8 ppm)
which belong to four anomeric protons and, probably, to H5 of
GalA, and to a proton at a carbon bearing an acetoxyl group. In
addition, there were signals for the O-acetyl group at 2.08 ppm,
the N-acetyl group at 1.97 ppm (both singlets), four methylene
groups of lysine at 1.3—1.9 (6H) and at 3.02 ppm (2H), and
other protons in the region 3.3—4.4 ppm.

These data showed that the O-specific polysaccharide has a
tetrasaccharide repeating unit containing two residues of D-GalA
and one residue each of D-galactose, D-GIcNAc, L-serine, and
L-lysine as well as one O-acetyl group. The absence from the
spectrum of low-field signals in the region 83—88 ppm charac-
teristic for furanoses [24] proved that all sugar residues are py-
ranosides.

Treatment of the O-specific polysaccharide with aqueous
ammonia resulted in an O-deacetylated polysaccharide. Its *C-
NMR (Fig. 1) and '"H-NMR spectra (Fig. 2) lacked the signals
for the O-acetyl group. The signal at 5.80 ppm in the 'H-NMR
spectrum shifted upon O-deacetylation up-field to 4.505 ppm,
and thus belonged to a proton deshielded by the acetoxyl group.
O-Deacetylation also caused changes in the *C-NMR spectrum
which are discussed below.

Structure of carbohydrate chain of the O-deacetylated poly-
saccharide. The 500-MHz 'H-NMR spectrum of the O-deacety-
lated polysaccharide was completely assigned with the help of
sequential, selective spin-decoupling, one-dimensional TOCSY,
and two-dimensional COSY (Table 1). The signals for two «-
linked GalA residues (units A and C), a-linked galactose (unit
B), and fS-linked GlcNAc (unit D) were recognised on the basis
of the coupling constants and multiplicity of the corresponding
signals.

In the two-dimensional ROESY spectrum of the O-deacety-
lated polysaccharide (Fig.3), the presence of the correlation
peak at 4.544/4.271 ppm showed the spatial proximity of H1 of
GIcNAc (unit D) and H4 of one of GalA (unit A) and thus,
proved the 1,4-linkage between these sugar units. In turn, unit
A was linked to the residue of galactose (unit B) at position 4,
as followed from the correlation of the resonances for H1 A
(5.049 ppm) and H4 B (4.126 ppm). Another correlation peak
for H1 A (5.049/3.85 ppm) indicated its spatial interaction with
Hé6a, H6b B that can be observed in a-1,4-linked disaccharides



Radziejewska-Lebrecht et al. (Eur: J. Biochem. 230)

f T T o T T T T T i

707

o

T T T T T 4 T 4 T T T

170 100 30 80 70 50 50 40 30 20
Chemical shift (ppm)
Fig. 1. 75-MHz “C-NMR spectrum of P. mirabilis 028 O-deacetylated polysaccharide.
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Fig.2. 500-MHz "H-NMR spectrum of P. mirabilis O28 O-deacetylated polysaccharide.

with galactopyranose glycosylated by a sugar having the same
absolute configuration [25].

Two correlation peaks (5.200/4.039 and 5.200/4.505 ppm)
were observed also for H1 B. The correlating signals belonged
to H3 and H4 of the second GalA (unit C) and proved the substi-
tution of unit C by unit B at position 3. The NOE on the adjacent
proton reflects the proximity of H1 B to H4 C characteristic for
al—3-linked disaccharides with the same absolute configuration

of the constituent monosaccharides [25]. No NOE on H3 C
would appear in the case of substitution of unit C at position 4.
And, finally, the correlation of H1 C to H3 D (5.497/3.808 ppm)
proved the 1,3-linkage between these two units.

Therefore, the O-deacetylated polysaccharide is linear and
has the sequence of the monosaccharide residues -A-B-C-D-
with units A and B substituted at position 4 and units C and D
at position 3.



708

Radziejewska-Lebrecht et al. (Eur. J. Biochem. 230)

Table 1. Data of 500-MHz "H-NMR spectrum of O-deacetylated pelysaccharide. Chemical shift for the N-acetyl group = 1.97 ppm.

Sugar unit Chemical shift [coupling constant] for
H1 H2 H3 H4 H5 H6
ppm [Hz]
—4)GalAa (A) 5.049 3.745 4.046 4271 4.880
[J:2 3.6] [/25 95] (/34 3.5] Va5 <2]
—4)Gala (B) 5.200 3.885 4.010 4.126 425+ 3.870°
12 3.51 {25 9.8 2432} Was <2] [Js6a 4.5 [Jsso 4.8
—3)GalAa (C) 5.497 3.982 4.039 4.505 4.354
[,234] [/25 10] [/54 3.3] [es <2]
—3)GlcNAc (D) 4.544 3.633 3.808 3.535 3.351 3.726¢°
Vi 8] (/25 9.8] (/14 9.5] [/a5 95] [Js6. 3.0 [Jse0 6.51
Lys 4.255 1.798¢ 1.341 1.530 3.159
[: 64] [1547.6] Jas 761 [Js57.0]
Ser 4373 3.940°
(2. 4.2] (/25 3.8]

Determined from the two-dimensional heteronuclear *C, "H COSY spectrum.

® Héa; H6b at 3.822 ppm [Je. o 12.0 Hz].
© Héa; H6b at 3.630 ppm [Js, e 12.0 Hz].
¢ H3a; H3b at 1.710 ppm.

¢ H3a; H3b at 3.892 ppm [Jz.5 12.0 Hz].
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Fig. 3. Part of a two-dimensional 500-MHz ROESY spectrum of P. mirabilis 028 O-deacetylated polysaccharide.

Application of two-dimensional heteronuclear *C,'H COSY
provided complete assignment of the *C-NMR spectrum of the
O-deacetylated polysaccharide (Table 2) which confirmed the
NOE data. Marked downfield displacements greater than 5 ppm
(a-effects of glycosylation) of the signals for C4 of units A and
B and C3 of units C and D, as compared with their positions in
the spectra of the corresponding unsubstituted monosaccharides

[24], were evident of their glycosylation at the positions listed
above.

The p-effects of glycosylation of unit D by unit C were
found to be —2.3 ppm for C2 and +1.4 ppm for C4 that is char-
acteristic for glycosylation of GlcNAc at position 3 by GalA
having the same absolute configuration [26]. Thus, the analysis
of the glycosylation effects on the "*C chemical shifts and the
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Table 2. Chemical shifts in 75-MHz “C-NMR spectra of polysaccharides. Chemical shift for the N-acetyl group 23.7 ppm (Me) and 175.5—

175.7 ppm (CO), O-acetyl group 21.4 ppm (Me) and 174.0 ppm (CO).

Sugar unit Chemical shift for
C1 Cc2 C3 C4 C5 Co
ppm
O-Deacetylated polysaccharide —4)GalAa (A) 101.2 70.0 70.5 79.1 72.8 171.2
—4)Gala (B) 97.0 69.7 70.1 79.1 72.8 62.9
—3)GalAa (C) 101.3 68.0 75.6 68.0 72.8 171.2
—3)GlcNAcg (D) 103.0 55.7 82.5 72.6 76.2 61.5
Lys 178.5 55.8 334 231 27.6 40.7
Ser 176.4 579 63.4
O-specific polysaccharide —4)GalAa (A) 101.5 70.0 70.4 78.9 72.7 171.5
—4)Gala (B) 96.2 69.4 70.1 79.2 72.7 63.1
—3)GalAa (C) 101.5 68.4 73.2 69.0 71.6 170.1
—3)GIcNAcf (D) 103.0 55.8 82.9 727 76.1 61.5
Lys 178.0* 54.7 329 231 275 40.7
Ser 177.6* 57.3 63.1

* Assignment could be interchanged.

NOE data (see above) allowed independent determination of the
relative absolute configuration of all constituent monosaccha-
rides, which are in agreement with the results of GLC analysis
of optically active glycosides with (R)-2-butanol.

Location of amino acids and the O-acetyl group; structure
of the O-specific polysaccharide. The chemical shifts for C6
of GalA at 171.5 and 170.1 ppm (for units A and C, respective-
ly) as well as for C1 of lysine and serine at 178.0 and 177.6 ppm
in the “C-NMR spectrum of the O-specific polysaccharide indi-
cated that the amino acids are amide-linked to the carboxyl
group of GalA (see, for example, the published data [9, 10]).
The positions of the signals for C2 and C6 of lysine at 54.7 and
40.7 ppm, respectively, are typical of acylation of this amino
acid at the g-amino group [9, 10]. The positions of the signals
for H5 of both GalA residues in the "H-NMR spectrum, unlike
those in uronic acids with the free carboxyl group [27], did not
significantly depend on the pD of the solution. In contrast, the
signals for H2 of serine and lysine shifted markedly down-field
by about 0.3 ppm upon change of pD from 7 to 2. These data
confirmed amidation of both GalA residues by the amino acids,
the latter having the free carboxyl group.

In the O-deacetylated polysaccharide, preirradiation of HS A
at 4.88 ppm caused significant NOEs on H3 and H4 of the same
sugar residue and a small but observable NOE on H2 of lysine
at 4.255 ppm. A similar experiment on unit C was performed
with the O-specific polysaccharide because the signals for H5 C
(4.46 ppm) and H2 of serine (4.34 ppm) are better separated than
in the spectrum of the O-deacetylated polysaccharide. As a result
of preirradiation of H5 C, a small NOE on H2 of serine was
detected. Therefore, unit A carries lysine, whereas serine is
attached to unit C.

This conclusion was confirmed by partial hydrolysis of the
O-deacetylated and N-acetylated (at the free amino group of
lysine) polysaccharide with 0.1 M hydrochloric acid at 100°C.
Under these conditions the glycosidic linkages of galactose and
GlcNAc were split selectively to give a mixture of disaccharides
with amidated GalA derivative at the nonreducing end. After
borohydride reduction, followed by methylation [22], a mixture
of methylated glycosyl alditols were obtained which were
studied by GLC/MS.

The only lysine-containing product found (1, M, 682) corres-
ponded to the fragment A—B. The presence in the electron im-

pact mass spectrum of peaks with m/z 431 (glycosyl cation) and
235 corresponding to the residues of GalA(Lys) and galactitol,
respectively, showed that GalA(Lys) is attached in the polysac-
charide to galactose.

m/z 135

CHZWE

AcNH(CHZ)‘,(lJHCOOME

OMe

OMe

CH,0Me

Instead of the expected serine-containing product 2 with M,
640 and a peak of the glycosyl cation with m/z 348, a homolo-
gous compound 3 with M, 654 and glycosyl cation with m/z 362
was revealed, which was derived by 2-C-methylation of the
serine residue. Other identified products corresponding to the
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Table 3. Characteristic ions derived from methylated compounds
2—6. The data of the chemical ionisation ((M + H]") and electron impact
(glycosyl cation) mass spectra are given.

Com- R m/z for
pound
[M+H]*  glycosyl
cation
2 MeOCH,CHCOOMe 641 348
3 MeOCH,C(CH,;)COOMe 655 362
4 CH,=CCOOMe 609 316
5 CH,;CH=CCOOMe 623 330
6 (CH;),C=CCOOMe 637 344
400
1
:/;n 300
2
=
k=
8 200
k=
&
2
& r
100

L L . L L 1 L L J

40 680 80 100 120 140 180 180 200 220

Antigen (Bg)

Fig. 4. Reactivity of P. mirabilis Q28 antiserum with P. mirabilis 028
O-specific polysaccharide (1) and nonfractionated products of acid
degradation of P. mirabilis O28 LPS (2) and of P. mirabilis R14 anti-
serum with P. mirabilis 028 O-specific polysaccharide (3) in quanti-
tative precipitation test.

fragment C—D were a glycosyl alditol 4 with M, 608, formed
by elimination of methanol from 2, and two minor homologous
products with M, 622 and 636, which were tentatively identified
as C-methylation-elimination products 5 and 6 (Table 3). The
presence in the electron impact mass spectra of the compounds
2-6 of the peak of the ion with m/z 276 corresponding to the
residue of glucosaminitol confirmed that GalA(Ser) is attached
in the polysaccharide to GlcNAc.

C-Methylation of serine under the applied conditions [22]
was confirmed by a model experiment with N-acetyl-L-serine
which afforded only one GLC-detectable product 7 with M, 203
formed by 2-C-methylation. Similar by-products were obtained
under the same conditions from the amide of GalA with threo-
nine [10, 28].

As mentioned above, the signal at 4.505 ppm in the '"H-NMR
spectrum of the O-deacetylated polysaccharide shifted down-
field to 5.80 ppm in the spectrum of the O-specific polysaccha-
ride due to a strong deshielding effect of the acetoxyl group.
Since this signal belongs to H4 of the 3-substituted GalA (unit
C), the O-acetyl group is located at O4 of this residue. Such
location was' confirmed by displacements of the signals for C3,
C4, and C5 of unit C from 75.6, 68.0, and 72.8 ppm in the "*C-
NMR spectrum of the O-deacetylated polysaccharide to 73.2,
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Table 4. Data of passive immunochemolysis. n.d., not determined.

Antigen (LPS-OH)
of P. mirabilis

Reactivity (reciprocal titre) in passive
immunohemolysis of antiserum against

P, mirabilis

028 S1959 R14
028 5120 1280 5120
S$1959 2560 10 240 10240
R4/028 10 nd. n.d.
R14/51959 5120 10 240 10 240
R13/51959 10 n.d. n.d.
R110/51959 10 n.d. n.d.
R45/81959 10 n.d. n.d.

69.0, and 71.6 ppm in the spectrum of the O-specific polysac-
charide (Table 2), which are characteristic for a- and f-effects
of O-acetylation of this unit at position 4 [29].

Therefore, based on these data, it was concluded that the
O-specific polysaccharide of P. mirabilis O28 has the struc-
ture 8.

L-Lys L-Ser
6 6
— 4)-0-n-GalpA-(1-» 4)-01-0-Galp-(1-» 3)-0-p-GalpA-(1— 3)-B-p-GlcpNAc-(1—
4
A B I ¢ D
OAc
8

Serological study. In study of the epitope specificity of the P,
mirabilis O28 antigen, heterologous antigens (LPSs of P. mira-
bilis $1959 and a number of R-mutants) and the corresponding
antisera were involved.

In a quantitative precipitation test, the shape of the precipita-
tion curves of the reactions of the P. mirabilis O28 antiserum
with nonfractionated products of acid degradation of the LPS
and with the homologous O-specific polysaccharide as well as
of the reaction of the P. mirabilis R14 antiserum with the 028
O-specific polysaccharide were similar (Fig. 4, curves 1—3), but
the strongest reaction was observed for the O28 O-specific poly-
saccharide with the homologous antiserum (220 pg polysaccha-
ride precipitated 290 pg antibodies from 100 pl nondiluted anti-
serum; Fig. 4, curve 1).

The ability of the P. mirabilis O28 antiserum to react with
both homologous and heterologous antigens was demonstrated
in passive immunohemolysis (Table 4). Marked reactions of the
P. mirabilis 028 antiserum with the homologous alkali-treated
LPS (LPS-OH) as well as with LPS-OH from P. mirabilis S1959
and R14 were observed. The antisera against P. mirabilis $1959
and R14 reacted similarly. There was no reaction between the
028 antiserum and LPS-OH of P, mirabilis R-mutants lacking
the O-specific polysaccharide chain. Similar results were ob-
tained in SDS/PAGE/Western blot (data not shown).

As expected, total absorption of the P. mirabilis 028 antise-
rum with LPS-OH of P. mirabilis 028 and S1959 was observed
in the homologous test system and the heterologous test systems
of P. mirabilis S1959 LPS-OH/P. mirabilis 028 antiserum and
P. mirabilis R14 LPS-OH/P. mirabilis O28 antiserom (Table 5).
Absorption with LPS-OH of P. mirabilis R14 resulted only in a
decrease of the reactivity with the homologous antigen and the
antigen of P. mirabilis S1959. These results suggested the pres-
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Table 5. Data of passive immunohemolysis with absorbed P. mirabilis
028 antiserum.
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Table 6. Inhibition of passive immunohemolysis in test system P. mir-
abilis 028 LPS-OH/P. mirabilis 028 antiserum.

Antiserum absorbed Antigen (LPS-OH) Reci-

with of P. mirabilis nsed procal
in passive immuno- titre
hemolysis

Sheep red blood cells 028 5120

LPS-OH of P. mirabilis

028 028 < 20
51959 < 20
R14 < 20

51959 028 160
51959 < 20
R14 < 20

R14 028 2560
$1959 1280
R14 < 20

ence of a common epitope in LPSs of P, mirabilis 028, S1959,
and R14/1959.

For serological investigation of Proteus LPSs, related
polyacrylamide-based synthetic antigens, containing amides of
D-GalA with various amino acids (general structure 9, where R
is a residue of an amino acid linked via the g-amino group, see
Table 6), have been synthesised [16]. The P. mirabilis LPSs,
products of degradation of P. mirabilis O28 LPS, and the artifi-
cial antigens were tested as inhibitors of passive immunohemo-
lysis in the homologous test system P. mirabilis 028 LPS-OH/
P. mirabilis O28 antiserum (Table 6). The reaction was strongly
inhibited by LPS of P. mirabilis 028 and S1959 as well as by
the 028 degradation products (except for the core oligosaccha-
ride) and to a lower extent by P. mirabilis R14 LPS. LPSs of
the R-mutant strains had no inhibiting activity. Of the synthetic
glycopolymer antigens, positive results were observed only with
those containing D-GalA(L-Lys) and D-GalA(D-Lys).

R
OCI{TH
HO/— 0,

OH
O
HO {
CH,CH,NHCO

[-(CHFCH)x CHZ-CH-(CH.;(IZH),P In

CONH, CONH;,
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To confirm the immunodominant role of lysine, a diluted
(1:20) sample of the P. mirabilis O28 antiserum was incubated
with the synthetic antigens 9 or with P. mirabilis 028 LPS and
then tested in passive immunohemolysis using sheep red blood
cells coated with P. mirabilis O28 LPS-OH as antigen. As shown
in Table 7, glycopolymers containing D-GalA(L-Lys) and D-
GalA(D-Lys), but not b-GalA(L-Ser) inhibited the reactivity of
the O28 antiserum.

DISCUSSION

The O-specific polysaccharide of P. mirabilis O28 has a
unique structure 8 distinguished by the presence of two amides

Inhibitor Inhibitory dose
ng

P. mirabilis
028 LPS 7.8
nonfractionated products of

degradation of 028 LPS 39
028 O-specific polysaccharide 1.9
028 core oligosaccharide >2000
51959 LPS 7.8
R14 LPS 156.2
R110 LPS >2000
R13 LPS >2000
R4 LPS >2000
RS LPS >2000
Synthetic antigens 9 containing
D-GalA(D-Lys) 39.0
D-GalA(L-Lys) 78.1
D-GalA(L-Ala) >5000
D-GalA(D-Ala) >5000
D-GalA(L-Ser) >5000
D-GalA(L-Thr) >5000

Table 7. Data of passive immunohemolysis with P. mirabilis 028
LPS-OH and P. mirabilis O28 antiserum treated with synthetic
antigens.

P. mirabilis O28 antiseram Reciprocal
treated with titre
P. mirabilis 028 LPS-OH < 20

Synthetic antigens 9 containing
D-GalA(D-Lys) 160

D-GalA(L-Lys) 320
D-GalA(L-Ser) 5120
D-GalA(L-Ala) 5120
Veronal buffer {control) 5120

of D-galacturonic acid with amino acids (L-serine and L-lysine)
in the tetrasaccharide repeating unit. One of them, D-GalA(L-
Lys), has been earlier identified in the O-antigen of P. mirabilis
S1959 [6, 7] and in LPS of P. mirabilis R14/S1959, which is a
transient-like form corresponding to the T-form of Salmonella
(Radziejewska-Lebrecht, J., unpublished data), while, to the best
of our knowledge, D-GalA(L-Ser) has hitherto not been found in
lipopolysaccharides. Uronic acids are common constituents of
O-specific polysaccharides of Proteus [30] and some of them
are amidated by L-amino acids; in addition to the amides listed
above, these are D-GalA(L-Ala) [8, 9], D-GalA(L-Thr) [10], and
D-GlcA(L-Lys) [8].

Serological study with synthetic glycopolymers 9 containing
amides of D-GalA with various amino acids showed the impor-
tance of D-GalA(L-Lys) for the immunospecificity of the P. mir-
abilis 028 O-antigen, while no role of D-GalA(L-Ser) was re-
vealed. Interestingly, the absolute configuration of lysine is ap-
parently of no importance as the synthetic antigens containing
amides of D-GalA with L-lysine and D-lysine were both good
inhibitors (Tables 5 and 6). These data suggest that the immuno-
dominant role in the corresponding epitope belongs to the
NH.(CH,), group of lysine rather than to the whole residue of
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L-lysine or D-GalA(L-Lys). The presence of a common L-lysine-
containing epitope seems to account also for the strong serologi-
cal cross-reactions between LPSs of P. mirabilis 028 (structure
8), S1959 (structure 10), and R14/S1959 [the position of
GalA(Lys) in this LPS remains unknown].

a-D-Glcp a-D-GalpA-{6-L-Lys

1 1

| |

2 4
—4)-4-b-GlepA-(1—3)-f-D-GalpN Ac-(1—6)-f-D-GalpNAc-(1—

10
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