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Three mutants of Yersinia enterocolitica 0:3, namely: YeO3-R1, YeO3-RfbR7 and
Ye(3-c-trs8-R were classified on the basis of sodium dodecyl sulphate/polyacrylam-
ide gel electrophoresis (SDS/PAGE) profile of isolated lipopolysaccharides (LPS) as
belonging to the REa- [the first) and the Re-type (the other two mutants). Methylation
analysis, in addition to '3C and "H NMR studies of purified core oligosaccharides re-
vealed structures similar to those established previously for the full core of Y. entero-
colitica 0:3 in the case of the Ra mutant, and identical to that reported for the Re mu-
tant Ye75R, in the case of the two other mutanis.

The O-specific sugar, 6d-L-altrose, which forms a homopolymeric O-chain, was pres-
ent in small amounts in all three L.PS preparations, as well as in the core oligosaccha-
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ride preparations along with the Ra and the Re sugars, characteristic of the Y. ente-
rocolitica 0:3 core. This result is in line with genetic data, indicating that it is the in-
ner core region which is the receptor for the O-specific chain in Y. enterocolitica 0:3.
This region seems likewise to be the anchoring region for the enterobacterial com-
mon antigen (ECA), as shown by SDS/PAGE/ Western blot analysis with monoclonal
antibodies against ECA. In addition, we also demonstrated that the Ye75R mutant
Re and its parental strain Ye75S, both were ECA-immunogenic strains. So far, ECA-
immunogenic strains, i.e. those with LPS-linked ECA, were only identified in E. coli

mutants of the R1, R4 and K-12 serotype.

All Gram-negative bacteria with the excep-
tion of the genus Sphingomonas possess lipo-
polysaccharides as main constituents of their
outer membrane [1]. Lipopolysaccharides are
indispensable for bacterial survival and
growth, one of their important function being
maintaining of the proper arrangement of in-
dividual components in the outer membrane
of the cell wall. In the case of Sphingomonas
paucimobilis this function is performed by
glycosphingolipid [2].

(renerally, LPS of the wild type bacteria (S-
forms) consist of long polysaccharide chains
{O-gspecific chainsg), which are linked to the
lipid A moiety (the hydrophobie anchor to the
outer membrane) via the core oligosaccha-
ride. Lipopolysaccharides of the rough type
strains consist only of lipid A and core oligo-
saccharide — complete or truncated [1, 3]. The
precise location, however, where the Ochains
are attached to the core region was elucidated
so far only for a few species of Salmonella (see
Nikaido, 1969; 1970, and Himmerling et al.,
1970, as cited by Liideritz et al. [3]), Shigella
[4], Citrobacter [5] and Pseudomonas [6] and
it was always the complete core which was
needed for a proper attachment of these O-
chains. In addition, the full core can also ac-
cept in some cases additional surface con-
stituents, e.g. K-antigens, T-antigens and the
enterobacterial common antigen (ECA) [7].
The latter is composed of chains, built of a tri-
saccharide repeating unit ...[->3) aFuc4NAc-
1.48 ManNAcA 1.4 aGleNAc 11, - with its re-
ducing end (in the non-immunogenic form)
linked to an L-glycerophosphatide, or it can
occur as a cyclic form [8]. ECA is present in

all members of the Enterobacteriaceae family,
but the LPSlinked immunogenic form has
been observed only in R-mutants having com-
plete core-oligosaccharides of the R1, R4 or
the K-12 core types [7].

Species of the genus Yersinia also possess
ECA, and before phylogenetic studies based
on 168 rRNA homology had been performed,
this fact served as an argument for excluding
these bacterial species from the Pasteurel-
laceae family and classified them as Entero-
bacteriaceae [9].

The genus Yersinia comprises such impor-
tant human pathogens as Y. pestis, Y. pseudo-
tuberculosis and Y. enterocolitica. The pres-
ence of ECA in Y. enterocolitica cells was re-
vealed by immunocytochemical studies [10].
There are about 70 serotypes of Y. enterocoli-
tica as determined by variability of chemical
composition of the O side chains of their lipo-
polysaccharides [11, 12].

Previous studies on Y. enterocolitica of the
0:3 serotype revealed the presence of a homo-
polymeric O-chain, composed of S{1-+2)
linked units of 6d-L-altrose. This strain is of
importance as it is a causative agent of reac-
tive arthritis in humans. It is noteworthy that
LPS is so far the only component of bacterial
origin identified within the inflamed joints of
patients suffering from reactive arthritis trig-
gered by Salmonella, Shigella or Yersinia [11].

In the present immunochemical studies on
three Y. enterocolitica 0:3 R mutants, we
found that a truncated core oligosaccharide of
the Re type, is the place of ECA binding, simi-
larly to the binding place of O-specific chain
as it was revealed recently [13].
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MATERIAL. AND METHODS

Cultivation of bacteria and isolation of
lipopolysaccharides, The mutants Ye0Q3
R1, YeO3-RfbR7 and YeO3-c-trs8-R of Y. ente-
rocolitica 0:3 were obtained from the strain
collection of Mikael Skurnik at the Turku
Centre for Biotechnology, University of
Turku (Finland).

Mass cultivation of these strains was carried
out under aerobic conditions in Tryptic Soy
Broth medium (Difco) at 28°C in a fermentor.
Bacteria were killed with 1% aqueous phenol,
washed three times with water, then twice
with ethanol and finally dried with acetone
and diethylether. Lipopolysaccharide in each
case was obtained by the hot phenol/water ex-
traction, according to Westphal et al. [14],
and purified by repeated runs (105000 x g, 3
times, 4 h each) in a preparative ultracentri-
fuge.

Compositional analysis. Neutral sugars
were determined as alditol acetates after hy-
drolysis with 0.1 M HCI for 48 h at 100°C, us-
ing a Varian gas chromatograph (model
1520B), equipped with a fused silica wall-
coated open tubular (WCOT) capillary col-
umn HP-5 (30 m x 0.256 mm inner diameter)
with a temperature program of 150°C for 5
min, then 5°C min™! ramp rate to 310°C, us-
ing D-xylose as an internal standard [15]. The
absolute configuration of sugars were identi-
fied by a modification of the Gerwig et al.
method [16], i.e. by GLC of their acetylated
but-2-yl glycosides, following butanolysis in
(+)}butan-2-0l (0.5 ml) and acetyl chloride
(35.5 ul) at 85°C for 24 h and peracetylation.
Phosphorus was determined by the method of
Lowry et al. [17]. The content of Kdo, galacto-
samine and fucosamine was not quantified,
but their presence was observed by NMR
analysis.

Preparative isolation of the core oligo-
saccharide. The core oligosaccharides were
obtained by very mild hydrolysis (0.1 M so-

dium acetate buffer, pH 4.4, 3 h, 100°C) of
lipopolysaccharides of the respective mutants
[18]. The hydrolysate was centrifuged, and
the supernatant after evaporation was frac-
tionated on a Sephadex G-50 column (120 cm
X 2.5 cm) at room temperature, and eluted
with water. Sugar-containing fractions were
pooled, lyophilized and subjected to chemical
and structural analyses.

The sediment containing lipid A and not
completely hydrolyzed LPS was further
treated with 1% acetic acid, for 1.5 h at 100°C.
The hydrolysate was treated as described
above, the fractions containing sugars were
only subjected to the chemical analysis (not
shown).

Analysis by methylation, NMR spec-
troscopy, mass spectrometry. These tech-
niques were performed as described in detail
in [15] (and will be not again given here).
Since the results for two of the examined mu-
tants revealed their structural identity with
that of the core oligosaccharide of Ye75R
[15], they will be presented only briefly in
“Results and Discussion”

It should be added that, the structural analy-
sis of the core oligosaccharide of the third mu-
tant, Ra YeO3-R1, is still under investigation
by NMR, thus the present publication con-
tains only preliminary data. Later, its strue-
ture will be published together with the struc-
ture of the core oligosaccharide of Ye758, iso-
lated from the LPS of a wild type Y. enterocoli-
tica 0:3 strain, which was presented in part
at the Eurocarb VIII'.

SDS/PAGE analysis and serological
studies. Lipopolysacharides of the three ex-
amined Y. enterocolitica 0:3 mutants were
subjected to SDS/PAGE and SDS/PAGE/
Western blot analyses. LPS used as stan-
dards originated from our previous studies:
those of Y. enterocolitica 0:3, from the wild
type strain Ye758 and its Rc mutant Ye75R
were extracted by the method of Westphal et
al. [14], whereas LPS of the Re mutant of Sal-

1ath European Carbohydrate Symposium, Sevilla, Spain, 1995, Abstracts, p. B 0-17.
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monella minnesota R595 was a kind gift from
Dr. 5. Schlecht (Max-Planck Institut, Frei-
burg, Germany).

Anti-O and anti-R sera were obtained by im-
munization of New Zealand White rabbits
with heat-killed Y. enterocolitica 0:3 S form
(Ye758) and Re mutant (Ye75R), respectively.
Immunization was carried out with a bacte-
rial suspension (1.5 X 101° CFU ml™! ) in
doses of 0.25, 0.5 and 1 ml over a period of
three weeks. The sera obtained five days after
the last injection were stored at -20°C.

SDS/PAGE was carried out in the buffer
system of Laemmli [19] with 13% separating
gel and 5% stacking gel and the plate was
stained after periodate oxidation with silver
nitrate [20]. In Western blot analysis per-
formed according to Towbin et al. [21] LPS
was electrotransferred from the gel onto a ni-
trocellulose sheet and developed with a rabbit
polyclonal antiserum, followed by incubation
with alkaline phosphatase-conjugated goat
anti-rabbit IgG (Dianova, Germany), the lat-
ter requiring 5-bromo-4-chloro-3-indolyl-
phosphate-p-toluidine and p-nitroblue tetra-
zolium chloride (Bio-Rad, Munich, Germany)
as substrates. Polyclonal rabbit antisera were
used in a dilution of 1:100, whereas anti-
rabbit IgG was diluted 1:1000.

Mab6, against O-polysaccharide chains of Y.
enterocolitica ():3, were from the collection of
Departments of Medical Microbiology and
Medicine, Turku University, Turku (Finland)
and was used at a dilution of 1:16.

MabECA — against the enterobacterial com-
mon antigen, was a kind gift from Prof.
D. Bitter-Suermann (Institute of Medical Mi-
crobiology, Hannover, Germany) and was
used at a dilution of 1:100.

Purified LPS were used in SDS/PAGE/
Western blot analysis performed in the above
described system, and proteinase K (EC
3.4.21.14; Boehringer, Mannheim, Germany)
digested (12 h, 37°C) prior to use of mono-
clonal antibody Mab6 or MabECA.

RESULTS AND DISCUSSION

Isolation of lipopolyvsaccharides, products
derived thereof and gel electrophoresis

LPS of Ra mutant YeO3-R1 and LPS of R
mutant YeO3-RfbR7, as well as LPS of R mu-
tant YeO3-c-trs8-R isolated by the phenol/wa-
ter extraction [14], were obtained from all
strains at high yields of about 3.5%, based on
bacterial dry mass.

The SDS/PAGE, known to be a powerful
tool for visualizing the natural heterogeneity
of S-type LIPS specimens, as well as — in the
case of R mutants — their presumable R che-
motype [22], was used prior to detailed chemi-
cal analysis. Thus, the three LPSs mentioned
above were compared prior to their structural
analysis, in SDS/PAGE with a well character-
ized Ye75R-Re LPS sample of Y. enterocolitica
mutant Re [15] and with a Ye755-LPS origi-
nating from Y. enterocolitica 0:3 wild type
strain, as well as with LPS of Re-type of
8. minnesota R695 mutant (Fig. 1).

Lipopolysaccharide of YeO3-R1 migrated
like the full core moiety of Ye755-LPS, which
confirmed its Ra character as well as the pat-
tern observed when DOC/PAGE was per
formed [13]. LPS YeO3-RfbR7 and LPS
YeO3-c-trs8-R migrated like LPS Ye75R
which showed their Rec character, recognized
for the last specimen [13, 15]. All lipopolysac-
charides examined showed some heterogene-
ity, confirmed also by chemical and structural
analyses.

Lipopolysaccharide samples of Ye(O3-R1
(420 mg), YeO3-RfbR7 (900 mg) and YeO3-c-
trs8-R (5614 mg), when hydrolysed with ace-
tate buffer, pH 4.4, afforded the carbohydrate
material and lipid A-moiety. Carbohydrate
material was fractionated on a Sephadex G-50
column, giving in each case a small quantity
of the high molecular mass fraction (Fr. I): 5
mg (1.2%), 15 mg (1.6%) and 4 mg (0.8%), re-
spectively, and the core oligosaccharide frac-
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tion: 76 mg (18%), 93 mg (10.3%), 42 mg
(8.2%), respectively. From “lipid A" samples,
obtained in suspiciously large amounts (about
80% of LPS used) another portion of polysac-
charide could be released, namely: 36 mg
(8.6% of LPS Ye03-R1), 136 mg (15.2% of LPS
YeO3-RfbR7) and 81 mg (15.8% of LPS YeO3-
c-trsB8-R) after subjecting them to a stronger
hydrolysis (1% acetic acid, 2 h, 100°C). Since
we expected the presence of a labile-linked de-
oxyamino sugar (FucNAc), only those prod-
ucts liberated by mild acetate buffer hydroly-
sis at pH 4.4 were further examined.
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Figure 1. SDS/PAGE of isolated lipo-
polysaccharide samples from Yersinia
enterocolitica 0:3 S and R strains and
Salmonella Re strain.
Purified LPS samples, 3 ig and 5 ug of each,
were loaded and separated in a 13% separat-
ing and 5% stacking SDS/polyacrylamide
- gel. Staining was with periodate/Ag accord-
ing to Tsai & Frasch [20]. Lanes 1 and 2 - Y.
enterocolitica (03, Ye755; lanes 3 and 4 — ¥,
enterocolitica 0:3, YeT5R; lanes 5 and 6 — Y.
- enterocolitica 0:3, YeO3-R1; lanes 7 and 8 —
- Y. enterocolitica 0:3, YeO3-RfbRT; lanes 9
and 10 — Y. enterocolitica 0:3, YeO3ctrsB-R;
lanes 11 and 12 — 8. minnesota R595.

Chemical and structural studies

The chemical composition of lipopolysaccha-
rides and products derived thereof is shown
in Table 1. Glucose, DD heptose, LD heptose,
Kdo, that is those constituents, which are
characteristic of a Re-type core of Ye756R, in
the molar ratios of 2:1:3:1 [15], were repre-
sentative also for core oligosaccharides, as
well as for LPS of YeO3-RfbR7 and YeO3-c-
trs8&-R mutants pointing to their Rec chemo-
type.

Mutant Ye()3-R1 contained, in addition to
Re core type sugars, also galactose and two

Table 1. Chemical eomposiion of lipapolysaccharides and derived prodices from B mutons of Yersinia enterocolitica 3,

LPS was obaained from dry bacterial mass by phenoliwater extraction and purificd by ultacentrifogation Mitd hydrolysis of LPS released it carbohydrate pan which
fractionated on Sephades G-50 yielded a high maleculas mass Fr. | and core oligossccharide fraction (¢ore 05). Sugars were determined as alditl scetates |15], their absolute
configurstion idertificd by a modified Gerwig er of. mothod | 16], phosphons by the Lowry method [17]

Mutani ¥eldd - R | ¥eld3 - RIbRT ] Yel¥d - ¢ - treb-R
Armourl i
Sugar LFS Fr.1 core 005 ] LF% Fr.1 care 05 ] Lps | Fel [ core 05
¥a (bry masd]
fieed] LAl Rrome [IK} 83 lraoe trace irace tTAcE mace IFEiE T
[ A raltsiose 01 20 0 02 1.5 08 03 1 09
- Mannose 0.2 103 ] 03 1.4 0.1 04 1.1 0
D-Galactose i6 [T 932 02 1.0 04 0z 02 i
b-Glucose BE 204 50 %] 1.6 A i3 w5 0.1
D-Chalaciosamine + + v i 0 1] [H] il ] 7]
-Fiscosamine 4 - 0 ] 1] i a ]
DD-Heptos: 51 05 [T 4.7 59 205 i 33 155
LD-Heptose 15.4 ] 322 147 182 630 178 0.8 46,8
Kido 4 = + 4 + Ll i
P nL 0.09 w08 nt 0.0 007 TS e nt

Abhrevistions: trace, betow 0.03%;  +, component observed by NMR anelysis, not quantified,  n.t. - not tested
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aminosugars, namely galactosamine and fu-
cosamine. Its chemical composition was the
same as those previously established by
analysis of the core oligosaccharide Ye75S
isolated from LPS of the wild type strain Y.
enterocolitica 0:3. The structure of YeT755
core oligosaccharide® consisted of a hexasac-
charide built of two terminal D-glucose resi-
dues beta 1.6 and beta 1.3 linked, one D-gala-
ctose residue alpha 1.4 linked, two D-galact-
osamine residues alpha 1.6 and alpha 1.3
linked and one D-fucosamine residue beta 1.3
linked. This hexasaccharide was attached to
C3 of the branching LD heptose of the inner
core with the same structure as for Ye75R
core oligosaccharide [15], as depicted in
Fig. 2.

Results of the structural studies (comprising
methylation and NMR analyses) on YeO3-
RfbR7 and YeO3-ctrs8-R core oligosaccha-
rides revealed their structural identity with
that presented in Fig. 2 for the Ye75R mutant
Re, whereas these carried on YeO3-R1 core
oligosaccharide were showing its similarity to
the structure characteristic for the full core
oligosaccharide Ye75S. Some differences

were observed in a phosphate substitution
pattern, what needs to be checked by 600
MHz analysis.

Recently, genetic studies revealed that a
truncated core oligosaccharide of the Re type
of Y. enterocolitica 0:3 mutants trs (tempera-
ture responding, [13]) is the acceptor for the
O-gpecific chain. This chain is a homopoly-
mer, and thus giving a smear on the PAGE
pattern, Fig. 1, built of 35-70 residues of §6-
deoxy-L-altrose [13]. This deoxy sugar was
present in small amounts in LPS prepara-
tions from all three mutants studied, as well
as in the high molecular fractions (Fr. I) of
two Re mutants, and in a substantial amount
in Fr. I of a Ra type mutant YeO3-R1 (Ta-
ble 1). Fr. I contained in addition to 6d-L-al-
trose the proper core oligosaccharide sugars
as well as arabinose and mannose, most
probably due to a contamination, originating
from some glucan.

Serological studies

SDS/PAGE/Western blot analysis, per-
formed with LPS of all Y. enterocolitica 0:3

wo-Hep- (71} -00-Hep? ---- P
1

al
v

4 7
peGalNAc-(1 " w6).0-Gal-(1 - wd).0-GalNAc-(1-"»3)-0-FucNAe- (1 B o3y in-Hep{1-Eo2)-L0-Hep-(1-Z+-5)-Kdo-(2 —»[Lipid A]
3 2 4 4

[
gt o
1 1

o-Gle p-3le

g o o
1 1 2
o-Gle KEdo

= IONET COTE.  +—— I

=  YeT58

1 - ~—~—  full core

Figure 2. Structure of Y. enterocolitica 0:3 core.
Ye ..., names of strains used in the present and earlier studies’ [15].

ECA, O-chain

—= Ye TSR - ———————4

&

», Not equimolar substitution; D-Gle, Dglu-

cose; DGal, Dgalactose; 0-GalNAc, Z-acetamido-2-deoxy-D-galactose; D-FucNAe, 2-acetamido-2,6-dideoxy-Dgala-
ctose; DD-Hep 7- - - P, D-glyceroD-manno-heptose 7-phosphate; LD-Hep, Lglycero-D-manno-heptose; Kdo, 3-deoxyD-

manno-2-octulosonic acid; P, phosphate,
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mutants, LPS of Ye755 and LPS of Re mu-
tant S. minnesota using anti O-serum against
the Ye 758 wild type strain revealed not only a
positive reaction with LPS Ye758 and LPS of
all Yersinic R mutants, but also with Re mu-
tant S. minnesota R595. In addition, and very
unexpectedly, a ladder-like pattern, not visu-
laized by direct silver staining (Fig. 1), was
observed (see Fig. 3). These results did not al-
low to answer unequivocally the question con-
cerning the presence of 6d-L-altrose in the
core oligosaccharides of Ye 03 mutants. No
additional information became available (not
shown) when Mab6 against 1.2 linked 6d-L-a-
ltrose was used in the system, instead of
Ye758 antiserum. Here the positive reaction

Figure 3. SDS/PAGE/Western blot analysis of
lipopolysaccharide samples from Y. enterocolitica
0:3 S and R strains and Salmonella Re strain
with antiserum against Ye758 bacteria and goat
IgG.

Analysis was performed with proteinase K digested
LPS samples (5 ug each) from Y. enterocoliticn 0:3 S
and R strains, and rabbit antiserum against Y. enteroco-
litica 755 heat killed bacteria and alkaline phosphatase-
conjugated goat anti-rabbit IgG as the second antibody.
For SDS/PAGE details see legend to Fig. 1. Lane 1 —
Yersinia enterocolitica 0.3, YeT755; lane 2 — Yersinia en-
terecolitica 0:3, YeT5H; lane 3 — Y. enterocolitica O:3,
YeO3-R1; lane 4 — Y. enterocoliticn 0:3, YeO3-RfbR7,
lane 5 — Y. enterocolitica 0:3, Ye()3-ctrs8-K; lane 6 — 5.
minnesoia R595.

Studies on B mutants of Yersinia enterocolitica
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was observed only for LPS Ye7585, although
the Dot test was positive also for Ra mutant
YeO3-R1. The possible explanation of these
results is that Mab6 as well as antibodies in
the antiserum against the Ye758 strain recog-
nize mainly 1.2 linked $-6d-L-altrose residues,
and that only one terminal residue of this de-
oxysugar is present in the core oligosaccha-
ride of Ye O3-R mutants.

A very intriguing, mentioned above, ladder-
like banding pattern (Fig. 3), seen for LPS of
all Ye 03 mutants was also observed when R-
antiserum against the YeT75R strain was used
in Western blot analysis, as it is shown in
Fig. 4. With the help of Mab against ECA
used in a parallel Western blot analysis (not
shown) we could establish that the observed
banding was due to the presence of the en-

Figure 4. SDS/PAGE/Western blot analysis of
lipopolvsaccharide samples from Y. enterocolitica
:3 S and R strains and Salmonella Re strain
with antiserum against Ye75R bacteria and goat
1gG.

Analysis was performed as described in the legend to
Fig. 3, except that only rabbit antiserum against Y. en-
terocolitica T5R (with Retype LPS) heat killed bacteria
was used. Lane 1 — Y. enterocolitica 0:3, YeT55; lane 2
— Y. enterocolitica (:3, YeT5R; lane 3 — Y. enterocolitica
0:3, YeD3-R1; lane 4 — Y. enterocolitica 0:3, YeOd-
RfbRT; lane 5 — Y. enterccolitica O3, YeOd-ctrs8-R;
lane 6 — 8. minnesoio K595,
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terobacterial common antigen in all lipopoly-

saccharide preparations of Yersinia O3 R mu-

tants. Since in this experiment we used prote-
inase K digested lipopolysaccharides, we
were able to rule out the possibility that the
banding was due to contamination of LPS
with some proteins. The polysaccharide part
of ECA does not stain directly with silver,
since it has no vicinal OH-groups which could
be gplit by periodate oxidation. When ECA is
linked to LPS it should become visible due to
the presence of the core region, unless it car-
ries very long ECA-chains, which seems to be
the case with the examined mutants. Usually
the amounts of corelinked ECA, although
very important for its immunogenicity, are
very small [7].

From the fact that rabbit antisera obtained
with the S and the Re mutant of Y. enterocoli-
tica ;3 contain a considerable amount of
anti-ECA antibodies and from our previous
knowledge that only LPS-linked ECA, as it
has been established for some E. coli mutants
[7], is immunogenic, one can assume that
ECA is also here attached, like the O-chain
[13], to the inner part of the Y. enterocolitica
0:3 core. Both, the fact that ECA is co-
extracted with LPS by the phenol/water
method and that mutant S. minnesota R595 is
an ECA-negative Re mutant are well docu-
mented [7, 23]). From the fact that ECA seems
to be immunogenic in S and R forms of Y. en-
terocolitica 0:3 one could speculate that infec-
tions with Y. enterocolitica should be paral-
leled by a considerable rise in the ECA-titer in
the patients blood, which can easily be fol-
lowed by passive hemagglutination. Further
study with other serotypes are needed to
prove whether this is also relevant for other
serotypes of Y. enterocolitica.

The authors thank Mrs Erica Metz and Mrs
Helga Kochanowski from Max-Planck Institut
(Freiburg, Germany) and Mr Janusz Wlodar-
czyk from Institute of Microbiology and Im-
munology (University of L6dz, Poland) for the
excellent technical assistance.
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