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1. Introduction

Recently, we described the isolation and identifi-
cation of 3-amino-3,6-dideoxyglucose, obiained from
the lipopolysaccharide of £. cofi 071:K7:Hi2 {13.
This lipopolysaccharide also contains the amin sugars
glucosamine a2nd salactosamine. Preliminary investi-
gations led to the conclusion that 3-amino-3,6-dideoxy-
ghicose and galactosamine are constituents of the poly-
saccharide portion and glucosaming is present only in
the lipid component (lipid A [2}). To venfy this con-
clusion the lipopolysaccharide was mildly hydrolyzed
into lipid and 'degraded polysaccharide’. The latter was
further fractionated by Sephadex filiration and on
DEAE-Sephadex.

The resnits describe:d here show thai the ‘degraded
polysaccharide” can be resolved on Sephadex columns
into two fractions. One of these is predc minantly com-
posed of G-specific sugar components [2] and is reac-
tive in 071 antiserumn. The second fraction, which is
not reactive in 071 antiserum, consists almost entirely
of the tasal sngars [2]. Under these hydrolytic con-
ditions the major part of KDO was split from the po-
lymer. During Sephadex fiitration the liberated KDO
emerges after the second peak. Glucosamine, which
constituies part of the Salmonella core (at least in
smooth ferms and Ra mmitants) was not detecied in
tither polysaccharide fraction. Thus these findings
not oniy demonstrate that O-reactive polysaccharide
chains can be obtained rather easily but also indicate

a core struciure of £, coli lipppolysaccharide which
differs from that of Salmonella 2] and Shigela {3].
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2. Materials and Methods

E. coli strain P10a (serological formmuta 071:K?7:Hi2)
was used. Isolation and purification of the lipopoly-
saccharide was parformed as described previously [4].
The determinations of glucose, galactc sy, glicosamine,
heptose, and KDO were caizied ov: as described m au
earlier communication {53. Gaiectosamine was as-
sayed with the Elson-Mozgan reaction after enzymatic
deamination of glucosamine {6] 2nd >-amino-3,6-
dideoxyglucose acsording to Ashwell et &. [7] - Phos-
phate was determined with the method of lLowr- et al
[8]. Sedimentation and diffusion constants werd de-
termined using a Spinco Model E anal stiral ulteacen-
irifuge. From these values the molecu a1 weight was
calcniated. Indepencently, the method of Yohantis

was used for the determinztion of mo_ecusar weight.
Gel filivation was performed with Sephader G50,
For ion exchange chromatography DEAE-Sephadex
AZS was used. Irrpune precipiiation experiments
were performed as described previously {91, 071
antiseruzn {rabbit) was cbiained from Dis. L and F.
Orskov (Statens Serimninstitut/Copenhager: ).

3. Resnits and Discussion

The lipopolysacclhieride of £ coli C71:K7:112
consists of the tasal sugass §2§ heplors, KDO, galac-
tose, glecose and glhvcosarnine. Additionally, it con-
taips galactosamine, 3-amino-3 6-dedeoxygincose and
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Tatle 1
Composition of the liponolysaccharide of £ coli 071:X7:3112
and fractions desrived therefrom, For details see text.

Components LPS P PIRFEAE P2
3-Amino-3,5-dide-

oxyglucose . 9.86 21.30 24.20 0.46
Galactosamine 316.50 28.12 20.80 1.86
Rhamnose 9.98 22.80 24.80 145
Galaciose 8.85 16.50 19.05 16,75
Glucose 4.12 2.50 1.22 17.44
Hepiose 7.00 D.95 - 25.23
KDD 6.10 0.70 - 3.8
P 3.68 G.30 0.03 4.830
Lipid A 30.60 — - —

rhamnose. The analytical values are listed in 1able 1.
In analyzing the values obtained it was taten into con-
sideration that: 3) 3-amino-3,6-dideoxyglucose gives 2
positive reaction in ike Dische assay, which was used
for the determination of rhamnose {on a molar basis
the color intensity of the amino sugar is 6% of that of
rhamnose}, and 2) galactosamine as well as galactose
yeact with galactose oxydase, and therefore to deter-
mine galactose it was necessary 1o subtract the value
found for galactosamine in the amino sugar assay.

The following procedure was adopied for the de-
gradetion experimenis: heating of the lipopolysaccha-
zide in 1% acetic acid at 100 for 1.5 hr, lyophiliza-
tion of the reaction mixture, trituration of the mate-
rial with water, cenirifnpation at 300D rpm to separ-
ate into polysaccharide and lipid A. Lipid A was ob-
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tained as sediment, the *degraded polysaccharide” was
isolated from the supernatant by lyophilization. With
this procedure 65% of the material was obiained as
*degraded pelysaccharide” and 30% as lipid A.

The ‘degraded polysaccharide” was fractionated on
Sephadex G50 with water as eluani. When fractions
were tested with the phenolfsolfuric acid assay {10]
two peaks wers found, the first being eluted imme-
diziely after the dead volume of the column. In fig. 1
the elution patiemn is shown {curve A). In one case
the bacterial culture used was instable in auramin and
upon heatin {whick is indicative of zough character-
istics [11]) but agelutinated in 0871 serum {character-
istic for smooth forms). When the lipopoly=accharide
of these bacteria was degraded the elution pattern of
the resniting “degraded polysaccharide’ differed from
the one described before with respect to the ratios of
peak 1 and peak 2 (see fig. 1, curve B).

The material from the first peak (P1) consists pre-
dominantly of galactosamine, 3-aming-3,6-dideoxy-
glucose, galactose and rhamnose in a molar ratio of
1.2:1,00:0.91:1.33. These values can be reconciled
with the concept of a tetrasaccharide repeating unit
of the polysacchaside. On analyiical nliracentrifuga-
tion this material showed one broad peak, suggesting
a uniform molecular weight distribution. From its
sedimentation constant {5, = 1.21 X 10-13 sec)
and diffusion constant (5,5 = 6.05 X 10~ 7cm sec— 1)
a molecular weight of 13.2950 was calculated. Using
the method of Yphantis a value of 13.800 was found.
On the assumption of an ordered structure built by
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Fig. 1. Fractionation on Sephadex G5G of the *degraded polysaccharide” derived from the Epopolysaccharide of £. coli G71:K2:H1.
For detnils see text.
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tetrasaccharide repesting units P1 would consist of
abowi 17 such units. . .

Maienal from peak 2 {P2), the anzalyses of whick
are included in table 1, consists predeminantly of
heptose, glucose and galaciose in a molar ratio of
1.28:1.00:0.62. 11 also contzins phosphorus (ratio
P:heptose 15 0.77:1.00) and XDO. All these are
known to be components of the basal structuze of
lipopolysaccharides {2]. It is important 10 note that
this fraction does not contain glucosamine. Also there
is a loss of KDO. The latter component was paztially
split off the lipopolysaccharide during degradation
and was eluted from Sephadex columns after peak 2.
The genervlity of this finding is currently under inves-
tigation. This Jead us to test whethier glucesamine
would also be split off during degradation and thus
escape detection in P1 and P2. However, no free glu-
cosamine was found in the degradation mixture (ali-
quoies were tested afier various times).

The fact that glucosamine is completely absent
from the polysaccharide part of the lipopolysaccha-
zide is of interesi. 1t points to a core structure differ-
ent from those of Salmoenella {2] and Shigelle [3].
Therefore our investigations are being extended to the
Zipopolysaccharides of other E. cofi strains and R-
mutants. First resuits indicate that gincosamine -
deed is not a constituent of the £, coli core.

As can be seen from tabie 1, P1 coniains small
amnounts of phosphorus and keptose — which ate
componenis of P2, Also smalt amounts of glucose are
present. This can be explainad by either coniamina-
tion of Pi with small amounts of PZ, or by the fact
that the Yipopolysaccharide was fragmented in such
a way that breakage occuzred meinly in an internal
structure {core) so that small basal fragments are
chemically linked to long pelysaccharide chains. in
order to differentiate hetween these possibilities an
aliquot of P1 was fractionated on DEAE-Sephadex.
Elution with water gave a matenal (Plpgag) which
was about 30% of the toial and was practically free
of phosphorus and heptose but still contained some
glucose. Later fractions, eluted with 1% acetic acid
and with 1M acetate buffer {pH 4.0), showed in-
creasing amounts of phosphorus, heptose and glucose.

These resuits can be interpreted in the following
way. There are obviously several weak liniczges within
the internal structire {core) of the lipopolysaccharide
which break under the conditions of degradstion. Thus
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Fig. 2, Immune precipitation in 071 catiserum of the tipopoly-
saccharide of £ coli 071:K2:1H12 and fract'ons dexived vhere-
from. For details see text.

outer polysaccharide chains, soine of which have at-
tached core-fragments of &fferent sizes, are left intact.

On the basis of chemical composition the conclu-
sion can be drawn that P1 rapresents the O-specific
polysacchearide chains angd P2 ihe vad<rlaying rough
struciure, This was verified by testing; the reactivities
of both fractions in 071 antiserum wting immuns
precipitation. The resulis are given in fig. 2. Asis
evident from fiz. 2 the crude “degraded pelysacchande’
(dPS) and to a greater exient ¥1 is yeactive in 871
antiserum while P2 is noi. For comparison the reac-
tivity of the intact lipopolyszccharidz {1 PS} is in-
cluded.

The results described heze chow that dagradation
of E. coli lipopolysaccharides — ac demaonstrated with
E. coli 071;X2:H1Z — brings abor: clzavage of the
polymer at such peints that separation yieids: 1) O-
reactive polysaccheride (an the case of £ coli
071:X7:H12 1this n2s a molecnlar weight of abont
14000 and comnprises about 17 tetrasaccharide 1e-
peating units), 2) ¢o7e material which it not reactive
in 077 2ntiserum {1his has a ghicose/fzalrctose mtio
of 2:3 and is free of glucosamine, which seems: o be
a general feature o the £. codi coze 12gion) and 3)
lipid A,
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