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Clinical isolates of Escherichia hermannii which showed serological cross-reaction with polyclonal antisera to
the 0-polysaccharide portion of the lipopolysaccharide of E. coli 0157 strains and with antisera to the 0
antigens of BruceUa abortus and B. melitensis were found by chemical and nuclear magnetic resonance analyses
to have lipopolysaccharide 0 chains composed of linear polymers containing 1,2- and 1,3-linked 4-
acetamido-4,6-dideoxy-a-D-mannopyranosyl (a-D-Rhap4NAc) residues. Two 0-antigen structures were iden-
tified; each had an unbranched pentasaccharide repeating unit, and one was composed of three 1,2- and two
1,3-linked a-D-Rhap4NAc residues and the other had two 1,2- and three 1,3-linked a-D-Rhap4NAc residues.
The above-described cross-serological reactivities, which have led to false-positive identifications, are related to
the common occurrence of epitopes involving the presence of N-acyl derivatives of 4-amino-4,6-dideoxy-
D-mannopyranosyl residues in the 0-polysaccharide portions of the respective lipopolysaccharides of the
organisms. Strains of E. hermannii which did not show serological cross-reactions with E. coli 0157 and
Brucella antisera were found to have unique lipopolysaccharide 0 chains devoid of D-Rhap4NAc residues,
demonstrating the existence of serotypes of E. hermannii that are distinct on the basis of their lipopolysaccha-
ride components.

Escherichia hermannii has been described as an atypical
biogroup of Escherichia coli characterized as gram-negative,
oxidase-negative, fermentative, motile rods which produced
a characteristic yellow pigment and, among other properties,
gave positive KCN and cellobiose tests (2). Wounds ac-
counted for 50% of human isolates of E. hermannii, followed
by sputum or lung isolates (25%) and stool isolates (20%);
however, its true incidence and clinical significance have not
been investigated.
Our interest in E. hermannii was stimulated by the fact

that some strains of the organism could, by use of polyclonal
rabbit antisera, be falsely identified as E. coli 0157:H7, an
important pathogen which is associated with hemorrhagic
colitis (1, 13). Earlier studies in our laboratory involving the
structural analysis of the antigenic 0 chains of lipopolysac-
charides (LPS) had shown that the serological cross-reaction
among E. coli 0157:H7, Brucella abortus, and B. melitensis
cells and their respective polyclonal antisera (9) could be
related to the occurrence in their LPS 0 chains of a common
epitope involving 1,2-substituted N-acyl derivatives of 4-
amino-4,6-dideoxy-cx-D-mannopyranosyl residues (3, 4, 8,
14, 17). Similar serological cross-reactions involving the LPS
of Yersinia enterocolitica serotype 0:9 (6, 7), Pseudomonas
maltophilia 555 (10), Vibrio cholerae (12), and Salmonella
sp. group N (0:30) (5, 16) could also be related to the
occurrence of epitopes involving N-acetyl derivatives of
4-amino-4,6-dideoxy-a-D-mannopyranosyl residues in their
respective LPS 0-chain antigens.

This report contains the results of structural analyses of
LPS 0 antigens of five strains of E. hermannii and provides
a rational basis for interpretation of E. hermannii serology,
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especially as it relates to cross-reactions with polyclonal
rabbit antisera to E. coli 0157 antigen.

MATERIALS AND METHODS
LPS and constituent 0 chains. Five strains of E. hermannii

(LCDC 86-1269, NRCC 4262; LCDC 86-958, NRCC 4297;
LCDC 86-344, NRCC 4298; LCDC 86-333, NRCC 4299; and
LCDC 88-1766, NRCC 4300) were grown from frozen stocks
by being grown in brain heart infusion broth (50 ml) in 250-ml
baffled Erlenmyer flasks incubated overnight at 37°C and 250
rpm and then transferred to brain heart infusion broth (1
liter) in 4-liter baffled Erlenmyer flasks and incubated at 37°C
for 7 h at 200 rpm. The growth (1 liter) was used to inoculate
a fermentor (28-liter Microferm; New Brunswick Scientific
Co., Inc.) containing 28 liters of brain heart infusion broth
and antifoam (5 ml; Mazu DF60P; Mazer Chemicals Inc.,
Gurnee, Ill.). The organisms were grown at 37°C and 200
rpm with aeration at 25 liters/min for 18 h. The growths were
killed by the addition of phenol to a final concentration of
0.75%, and after the mixture was kept at 6°C for 2 h, the cells
(ca. 300 g [wet weight]) were collected by using a Sharples
continuous centrifuge. The collected cells were extracted
directly with stirred 48% aqueous phenol (10 min at 67°C)
(11), and following low-speed centrifugation at 4°C, the
separated phenol and aqueous phases were collected and
dialyzed against running tap water until free from phenol.
The retained portions were lyophilized. The lyophilized
products were dissolved in water (100 ml) and treated with
RNase and deoxy-RNase (4 h, 37°C), followed by protease K
(2 h, 37°C), and following removal of insoluble material by
low-speed centrifugation, the LPS were obtained as precip-
itated gels on ultracentrifugation (105,000 x g, 40C, 18 h).
The gels were taken up in distilled water (40 ml) and
lyophilized.
Samples of LPS (550 mg) dissolved in 2% (vol/vol) aque-

ous acetic acid (100 ml) were heated on a boiling water bath
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for 2 h, and the precipitated lipids A were collected from the
cooled solutions (4°C) by low-speed centrifugation. The
lyophilized centrifugation products were dissolved in 0.05 M
pyridinium acetate buffer (pH 4.7, 4 ml) and fractionated on
a column of Sephadex G-50 (2 by 80 cm; Pharmacia Fine
Chemicals) with the same buffer. The column eluates were
monitored by using a Waters 402 refractometer, and frac-
tions (10 ml) of the eluates were collected.

Analytical methods. Hydrolysis of glycans with anhydrous
hydrofluoric acid or 1 M sulfuric acid, glycose analyses, and
methylation analyses were performed as previously de-
scribed (4). Paper chromatography was done by using pyri-
dine-ethyl acetate-water (2:5:5 [vol/vol]; top layer) as the
mobile phase, and mobilities are quoted relative to that of
D-galactose. Gas-liquid chromatography-mass spectroscopy
was done with a Hewlett-Packard 5985B system by using
either (i) a capillary column (25 m) coated with OV17 and a
program temperature rise from 180 to 240°C at 2°C/min or (ii)
a capillary column of DB1701 (30 m; J & W Scientific Inc.)
and a program temperature rise from 180 to 240°C at 2°C/
min; an ionization potential of 70 eV was used. Retention
times are quoted relative to that of D-glucitol hexaacetate or
1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol.
NMR. One- and two-dimensional 13C and 'H nuclear

magnetic resonance (NMR) spectroscopy was done at 125
MHz (13C) and 500 MHz ('H) by using a Bruker AM500
spectrometer with polysaccharide samples lyophilized once
from a deuterium oxide solution and under conditions pre-
viously described (4, 5).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
analyses were done with 14% gels, and staining was done by
the periodate-silver nitrate technique (18).

Immunodiffusion. Gel immunodiffusion experiments were
performed with 1% agarose gels containing 1% NaCl with
solutions (ca. 1%) of LPS, alkali 0-deacylated LPS, and
derived LPS 0 polysaccharides. A monoclonal antibody
(BM10) (3) specific for the Brucella M antigen was used.

RESULTS AND DISCUSSION

Fermentor-grown cells of five clinical isolates of E. her-
mannii which had been selected because of their diverse
origins, agglutination by polyclonal rabbit E. coli 0157
antisera, and identification by biochemical tests (2) were
extracted by hot aqueous phenol, and the LPS present in the
separated phenol and water layers of the cooled extract were
obtained by ultracentrifugation of the concentrated dialyzed
phenol-free phases. The major yields (ca. 90%) of LPS were
found in the phenol phases (5 to 6% yields based on dry
weight of cells), a characteristic of S-type LPS composed of
O chains with a relatively high content of acylated aminode-
oxyglycose residues.

Hydrolysis of the five phenol-phase LPS with hot, dilute
acetic acid yielded insoluble lipid A (ca. 15% yield), while
Sephadex G-50 column gel filtration of the aqueous soluble
products produced similar yields of 0 polysaccharides (Kay,
0.02; ca. 55%), small amounts of core oligosaccharides (Kay,
0.47; ca. 3%), and fractions containing 3-deoxy-D-manno-
octulosonic acid and phosphate (Kav, 0.99; ca. 12%) eluting
in the monosaccharide region.
The five isolated 0 polysaccharides had similar specific

optical rotations ([o]D; +80 to 82°; c 0.5, water) and elemen-
tal analysis results. Following hydrolysis with anhydrous
hydrofluoric acid (8), the 0 polysaccharides all afforded
4-acetamido-4,6-dideoxy-D-mannose (ca. 90% yield), which
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FIG. 1. '3C-NMR (125 MHz) spectra of E. hermannii NRCC
4262 LPS 0 polysaccharide (A) and E. hermannii NRCC 4300 LPS
O polysaccharide (B).

had an [a]D of +15° (c 1.2, water); they gave single spots on
paper chromatography (retention time relative to D-galac-
tose, 2.40) and had 13C-NMR spectra identical to those of
authentic samples of 4-acetamido-4,6-dideoxy-D-mannose.
On reduction (NaBD4) and acetylation, the aminodideoxy-
glycose afforded 1,2,3,5-tetra-O-acetyl-4-acetamido-4,6-di-
deoxy-D-mannitol-1-d, which gave a single peak on gas-
liquid chromatography-mass spectroscopy (program A)
(10.4 min; retention time relative to that of D-glucitol hexaac-
etate; 1.31) with a retention time and a mass spectrum
identical to those of an authentic reference sample. Hydrol-
ysis of the methylated 0 polysaccharides with anhydrous
hydrofluoric acid, followed by gas-liquid chromatography-
mass spectroscopy (program B) of the reduced (NaBD4) and
acetylated products revealed well-separated 2-0-methyl
(13.88 min; retention time relative to that of 1,5-di-O-acetyl-
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FIG. 2. Immunodiffusion of alkali 0-deacylated LPS from E.
hermannii NRCC 4262, NRCC 4297, NRCC 4298, NRCC 4299,
NRCC 4300, ATCC 33650, ATCC 33651, and ATCC 33652 against
B. melitensis M-antigen-specific monoclonal antibody BM10 (center
well). BM, B. melitensis 16M LPS.
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2,3,4,6-tetra-O-methyl-D-glucitol, 2.58) and 3-0-methyl
(13.55 min; retention time relative to that of 1,5-di-O-acetyl-
2,3,4,6-tetra-O-methyl-D-glucitol, 2.52) fully acetylated ald-
itol derivatives of 4,6-dideoxy-4-(N-methylacetamido)-D-
mannose, suggesting that the 0 chains were linear,
unbranched polymers of 4-acetamido-4,6-dideoxy-a-D-man-
nopyranosyl (ct-D-Rhap4NAc) residues in repeating units
containing 1,2 and 1,3 linkages in ratios of 3:2 for E.
hermannii NRCC 4262 and 2:3 for E. hermannii NRCC 4297,
NRCC 4298, NRCC 4289, and NRCC 4300 0 polysaccha-
rides. The high positive specific optical rotations of the
polymers suggest that the glycose units probably had the a-D
configuration, a conclusion consistent with subsequent
NMR analytical data, which also supported the relative
ratios of 1,2 and 1,3 linkages determined by methylation
analysis.

Analysis of the 1H and 13C NMR spectra revealed that E.
hermannii NRCC 4297, NRCC 4298, NRCC 4299, and
NRCC 4300 produced LPS 0 polysaccharides that were
identical to one another but distinct from that of the 0
polysaccharide of E. hermannii NRCC 4262. This difference
is clear, since the latter polysaccharide gave a 13C-NMR
spectrum that was related to but distinct from those of the
other four polysaccharides (Fig. 1A and B). The general
features of the NMR spectra of both polysaccharide types
showed the presence of 6-deoxy and acetamidodeoxy func-
tions, which corroborated the component glycose analysis
that revealed that 4-acetamido-4,6-dideoxy-D-mannose was
the only monosaccharide present in the 0 polysaccharides.
NMR data for polysaccharides of this type have been well

documented (4), and "3C chemical spectra, in particular,
exhibit several spectral windows at 170 ppm (carbonyl
function), 100 ppm (anomeric carbon atoms), 53 ppm (C-4
carbon atoms), 23 ppm (acetamido methyl carbon atoms),
and 17 ppm (6-deoxyhexose carbon atoms) that aid structure
determinations. The 13C-NMR spectrum of the unique 4262
polysaccharide showed three carbonyl signals, four ano-
meric carbon resonances (integral ratio, 1:1:2:1), suggesting
a repeating unit with a minimum of five monosaccharide
residues, three C-4 resonances (integral ratio, 3:1:1), two

4.17, 4.13, and 4.12 ppm and two H-2 signals at 3.85 and 3.79
ppm. These two ranges of H-2 chemical shifts are character-
istic of residues linked a-1,2 and a-1,3 to the next glycose
residue (4). The approximate 0.35-ppm shielding of the H-2
resonances had been linked to the conformation that results
when a a-D-Rhap4NAc residue is 1,3 linked to the following
residue (4), and this H-2 chemical shift datum indicates that
the polysaccharide repeating unit is composed of five
monosaccharide residues joined by three 1,2 and two 1,3
glycosidic linkages.
The similar chemical shift data for each of the five

monosaccharide residues may be used to infer a linear
arrangement of monosaccharides in the repeating unit, and
usually the linkage sequence can be obtained by performing
nuclear Overhauser (nOe) measurements. Two-dimensional
phase-sensitive nOe experiments (NOESY) established cor-
relations between each of the five anomeric protons and the
H-2 proton of the same pyranose ring through space (4, 5). In
addition, a cross-peak was also observed across the glyco-
sidic linkage correlating anomeric protons attached to the
carbon atoms bearing the glycosyl substituent (4, 5). It was
not possible to trace the interresidue network of nuclear
Overhauser connectivities for the two types of 0 polysac-
charide reported here, because the H-3 resonances of each
constituent monosaccharide residue possessed similar chem-
ical shifts and therefore could not be unambiguously as-
signed to a given spin system. The two-dimensional nuclear
Overhauser cross-peaks did suggest that only two of the
three a-1,2 linkages of the strain NRCC 4262 polysaccharide
were present in a contiguous sequence. This could be
ascertained because a-D-Rhap4NAc residues linked 1,3 to
the next residue have H-2 resonances shifted upfield from
those 1,2 linked to the next residue. By correlating the
chemical shifts of nuclear Overhauser cross-peaks that rep-
resent interresidue connectivities, it was possible to identify
partial residue sequences that allowed possible structures to
be excluded. Since there are only two possible sequences of
monosaccharide residues (I and II), the nOe data identify
structure II as the repeating unit of the strain NRCC 4262 0
polysaccharide.

I
--3)-a-D-Rhap4NAc-(1--+2)-a-D-Rhap4NAc-(1--2)-a-D-Rhap4NAc-(l-*2)-a-D-Rhap4NAc-(1-*3)-a-D-Rhap4NAc-(l-

II
-3)-a-D-Rhap4NAc-(1-- 2)-a-D-Rhap4NAc-(1--2)-a-D-Rhap4NAc-(1-3)-a-D-Rhap74NAc-(1--2)-a-D-Rhap4NAc-(1--

acetamido methyl signals, and three 6-deoxyhexose methyl
signals. The most significant structural information was
derived from the C-4 chemical shifts, which previous work
(4) has shown to be sensitive to the pattern of glycosyl
substitution. When a-D-Rhap4NAc was glycosylated at 0-2,
the chemical shift of C-4 was found at 53.8 ppm as opposed
to 52.7 ppm if glycosylation occurred at 0-3 (4). It may
therefore be concluded that two 0-3- and three 0-2-substi-
tuted residues are present in the pentameric repeating unit.
This conclusion was corroborated by 1H chemical shift data
on the same polysaccharide, which showed four anomeric
proton signals (integral ratio, 1:1:1:2) and, on the basis of
two-dimensional homonuclear shift correlation and relayed
coherence transfer experiments, three H-2 resonances at

Similar arguments based on the observed NMR data were
used to determine the fine structure and linkage sequences of
the strain NRCC 4297, NRCC 4298, NRCC 4299, and NRCC
4300 0 polysaccharides. Thus, the '3C NMR chemical shift
data also indicated a pentameric repeating unit, but the C-4
resonances of these polysaccharides showed three, with
chemical shifts characteristic of monosaccharide residues
bearing substituents at 0-3 and two substituted at 0-2. In
support of the 13C data, the 'H chemical shift data for the
H-2 atoms indicated a similar substitution pattern. The
two-dimensional nuclear Overhauser experiment for the
strain NRCC 4300 polysaccharide also established that only
two of the three ot-1,3 monosaccharide residues occurred as
a contiguous sequence, again permitting discrimination of
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the possible structures (III and IV) in favor of IV as the
correct sequence for the NRCC 4297, NRCC 4298, NRCC
4299, and NRCC 4300 O-polysaccharide repeating units.

the E. hermannii strains discussed in this report. Thus, the
LPS 0 chain of E. hermannii ATCC 33651 was an unusual
homopolymer of D-rhamnopyranosyl residues, while the

III
--->2)-a-D-Rhap4NAc-(>3)-ax-D-Rhap4NAc-(l-3)-a-D-Rhap4NAc-(l+3)-a-D-Rhap4NAc-(1>2)-a-D-Rhap4NAc-(l

IV
>-.2)-ot-D-Rhap4NAc-(l1-3)-a-D-Rhap4NAc-(l1-3)-at-D-Rhap4NAc-(l-- 2)-at-D-Rhap4NAc-(l1 >3)-at-D-Rhap4NAc-(l--

The results of methylation analysis were consistent with
the ratios of 1,2 and 1,3 glycosidic linkages determined by
NMR data, since the ratio of the 3-0-methyl to 2-0-methyl
ether derivatives of a-D-Rhap4NAc from the strain NRCC
4297 polysaccharide was 3:2 and that for the NRCC 4297,
NRCC 4298, NRCC 4299, and NRCC 4300 polysaccharides
was 2:3.
Sodium dodecyl sulfate-polyacrylamide gel electrophore-

sis analysis of the five E. hermannii phenol-phase LPS
fractions was consistent with the postulated complete
smooth LPS structures, and on the basis of the narrow-band
region of type S LPS, it can be concluded that all of the LPS
had a narrow range of chain lengths corresponding to a mean
estimated molecular weight of ca. 20,000.

In imunodiffusion analysis (Fig. 2), the alkali 0-deacylated
E. hermannii LPS and their corresponding free 0 polysac-
charides gave precipitin lines with monoclonal antibody
BM10 to the Brucella M antigen (3). This antibody has been
characterized (3) as having a binding requirement for at least
the trisaccharide sequence --2)-oc-D-Rhap4NR-(1->3)-ot-D-
Rhap4NR-(1->2)-a-D-Rhap4NR---(1--*, where R is HCO or
CH3CO.
On the basis of the above-described results, it can be

concluded that the strains of E. hermannii that react with
polyclonal E. coli 0157:H7 antiserum have very similar LPS
0-antigenic polysaccharide components and that the basis
for their serological cross-reactivities resides in epitope
features involving the common x-D-Rhap4NAc residues
present in the 0 antigens.
The LPS 0 chains examined were not differentiated from

one another by monoclonal antibody BM10. It is of note that
monoclonal antibodies specific for E. coli 0157 antigen (15)
did not give positive serological reactions with any strains of
E. hermannii.

In the present study, we found that the LPS of five
representative clinical isolates of E. hermannii which
showed positive serological reaction with polyclonal rabbit
antisera to E. coli 0157:H7 had structurally related antigenic
O-polysaccharide chains which were identified as un-
branched homopolymers of 1,2- and 1,3-linked oL-D-Rhap
4NAc residues very similar in basic structure to the corre-
sponding 4-formamido derivatives found in the Brucella M
antigen (4). It is believed that the structural relationship
between the antigenic features found in the LPS 0 chains
accounts for the observed serological cross-reactions with
polyclonal antisera.

In subsequent investigations (Perry et al., unpublished
data), it was found that strains of E. hermannii that did not
show serological cross-reaction with polyclonal antisera to
E. coli 0157:H7 or B. melitensis, had LPS 0 chains with
structures unrelated to the homopolymer LPS 0 chains of

LPS 0 chains of E. hermannii ATCC 33650 and ATCC 33652
were composed of repeating tetrasaccharide units containing
D-rhamnose, D-glucose, and D-galactose (2:1:1) (Perry, un-
published data). As might be expected, these latter strains of
E. hermannii did not show serological cross-reactivity with
monoclonal antibody BM10 (Fig. 2) (3), and this is evidence
for the existence of defined serotypes of E. hermannii based
on LPS antigenic 0 chains.
The core oligosaccharides of the five strains of E. herman-

nii had an [ot]D of +85° (c 0.8, water) and were composed of
D-glucose, 2-acetamido-2-deoxy-D-glucose, and L-glycero-
D-manno-heptose in a molar ratio of 1:1:1. Analysis of the
lipid A isolates showed that they were composed of 2-
amino-2-deoxy-D-glucose (ca. 8%), lauric acid (8%), myristic
acid (19%), palmitic acid (31%), and ,-hydroxymyristic acid
(18%).

In conclusion, the strong serological cross-reactions
among the strains of E. hermannii and B. abortus and B.
melitensis described in this report can be attributed to the
presence of common epitopes involving 1,2- and 1,3-linked
N-acyl derivatives of 4-amino-4,6-dideoxy-at-D-mannopy-
ranosyl units in linear homopolymers, whereas the fairly
weak serological cross-reaction of E. coli 0157 strains when
polyclonal antisera were used can be related to the occur-
rence of an oL-D-Rhap4NAc residue found in the repeating
tetrasaccharide unit of its LPS 0 chain.
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