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Abstract

Ž .A lipopolysaccharide LPS I isolated from Coxiella burnetii in virulent phase I contains in
Ž .its O-polysaccharide chain two unusual sugars, virenose 6-deoxy-3-C-methylgulose and

w Ž . xdihydrohydroxystreptose 3-C- hydroxymethyl lyxose . The sugars were isolated from LPS I,
after acid hydrolysis and removal of lipid A, by a combination of HPLC and preparative
paper chromatography. Their enantiomeric forms and ring conformations were established
from optical rotation and NMR data. Two-dimensional COSY, HSQC, and HMBC as well as
one- and two-dimensional NOEs were used to assign all proton and carbon signals in both
monosaccharides. Virenose was found to be the D-gulo enantiomer with the 4C ring1

conformation and dihydrohydroxystreptose was shown to be the L-lyxo enantiomer also with
4 ˇwthe C conformation. The latter sugar was reported S. Schramek, J. Radziejewska-Lebrecht,1

Ž . xand H. Mayer, Eur. J. Biochem., 148 1985 455–461 to be present in LPS I in a furanose
form, and it appears that a furanose to pyranose tautomerization took place in the course of
the isolation procedure. q 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In Coxiella burnetii, an obligatory intraphagolyso-
Žsomal parasiting bacterium, a lipopolysaccharide LPS

.I is present as a structural component of the outer

) Corresponding author. Tel.: q42-1-7-374504; fax:
q42-1-7-374284; e-mail: virutoma@savba.savba.sk.

w xmembrane of the cell envelope 1 . It plays an essen-
tial role in interaction between the microbe and host,
including pathogenicity and immunogenicity of the
agent. It is capable of inducing antibody response,
and it is considered to be a protective immunogen
w x2,3 . The compositional analysis of LPS I revealed
w x4–6 , among other sugars, the presence of an appre-

Žciable amount of virenose 6-deoxy-3-C-methyl-
. w Žgulose and dihydrohydroxystreptose 3-C- hydroxy-

0008-6215r98r$19.00 q 1998 Elsevier Science Ltd All rights reserved.
Ž .PII S0008-6215 97 10037-4



( )R. Toman et al.rCarbohydrate Research 306 1998 291–296292

. xmethyl lyxose in its O-polysaccharide chain. To our
knowledge, neither sugar has been found in other
LPSs and they may be considered as important
chemotaxonomic markers. Moreover, their release
from LPS I, under mildly acidic conditions, led to a

w xconsiderable decrease 4 in the serological activity of
LPS I as shown by the passive hemolysis test.
Virenose and dihydrohydroxystreptose isolated from
LPS I were characterized for the first time by GC–MS
w x4 and the latter sugar also by NMR spectroscopy
w x7 . However, the data concerning both their enan-
tiomeric forms and ring conformations were ambigu-
ous. Thus, the 1C conformation and the L form were4

w xpresented 4,8 for virenose, although insufficient evi-
dence was offered in this respect. Similarly, much
uncertainty was connected with dihydrohydroxystrep-
tose. The furanose form of the sugar in LPS I was

w xoriginally suggested 4 . Later, dihydrohydroxystrep-
Ž . w xtose the pyranose form was synthesized 7 and its

NMR spectrum, although assigned incompletely, was
considered to be identical with that of the sugar

w xisolated from LPS I. However, in a further paper 8 ,
the furanose form of the isolated sugar was presented
again.

These ambiguities prompted us to study in more
detail by NMR spectroscopy the ring conformations
of virenose and dihydrohydroxystreptose as isolated
from LPS I.

2. Experimental

Isolation of dihydrohydroxystreptose and Õirenose.
—LPS I from C. burnetii strain Priscilla in virulent

w xphase I was isolated as described 6 . The LPS I was
hydrolyzed with 2 M trifluoroacetic acid for 2 h at
100 8C. The precipitated lipid A was removed by
centrifugation and the supernatant was concentrated.
Dihydrohydroxystreptose and virenose were sepa-
rated from the supernatant by semi-preparative HPLC.
The former sugar was obtained pure, as shown by
GC–MS, while the latter co-eluted with D-glycero-D-
manno-heptose and a smaller amount of L-rhamnose,
and had to be purified by preparative paper chro-

Ž .matography PC and re-chromatography on HPLC.
Chromatographic methods.—Semi-preparative

ŽHPLC was carried out on an Eurocat Pb column 10
.mmr300=8 mm, Knauer, Berlin, Germany using

ultra-pure water as the eluent at 75 8C and a flow rate
of 0.5 mLrmin. The HPLC system used involved an

Ž .LKB Bromms, Sweden 2152 LC controller, an
LKB 2150 HPLC programmable pump, a Rheodyne

Ž .Lotati, USA 7125 injector valve equipped with 100
ŽmL loop, an RIDK 102 Laboratornı prıstroje, Praha,´ ˇ́

.Czech Republic differential refractometer, and a
Ž .DataApex Praha, Czech Republic CSW v. 1.6 inte-

grator.
GC–MS was conducted with a Finnigan MAT

SSQ 710 mass spectrometer using helium as the
carrier gas. Mass spectra were recorded at an electron
energy of 70 eV and ion-source temperature of 150
8C. Sugars were analyzed as the corresponding alditol

Žacetates using an SP-2330 30 m=0.25 mm; Su-
.pelco, Bellefonte, USA fused silica capillary col-

Žumn. The column temperature program was 80 2
.min to 235 8C at 30 8Crmin with a 38 min hold.

Preparative PC was conducted by the descending
method on Whatman No. 3 MM paper employing
Ž .60:40:3:30 n-butanol–pyridine–acetic acid–water.
The sugars were detected with silver nitrate–sodium

w xhydroxide 9 .
NMR spectroscopy.—The NMR spectra were mea-

sured at 300 MHz and 500 MHz on Bruker DPX 300
and AMX 500 spectrometers, respectively. The sug-

Ž .ars 1–2 mg were dissolved in deuterium oxide and
the measurements were performed at 308 K. Two-di-

Ž .mensional 2D gradient-enhanced NMR techniques
were used for assignment purposes. In gradient-

Ž .COSY, the data matrix was 256=1 K F1=F2 and
the spectral width 2500 Hz. The spectrum was zero-
filled to 1 K=1 K before Fourier transformation.

1 13 Ž .The H– C correlated spectrum HSQC was
recorded in sensitivity-enhanced pure absorption
mode with gradient echo for coherence selection
w x Ž .10,11 . The same size of the data matrix 256=1 K
gave the spectral resolution of 3.9 and 39 Hz, respec-
tively. A low-pass J-filter was used to suppress one-
bond correlations in the gradient-heteronuclear multi-

Ž .ple bond correlation HMBC sequence. The 2D
NOESY spectrum was recorded with mixing time of
1 s. The spectral width and the size of the data matrix
were the same as in 2D COSY. The values of 1H and
13 Ž .C chemical shifts d are relative to external TSP.
WIN-DAISY software was used for simulation of the
proton spectrum of dihydrohydroxystreptose.

Optical rotations were measured with a Perkin-
Elmer Model 141 polarimeter at 20 8C.

3. Results and discussion

Dihydrohydroxystreptose and virenose were iso-
lated from LPS I of C. burnetii, after acid hydrolysis
and removal of lipid A, by a combination of HPLC
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Scheme 1.

and preparative PC. The sugars were analyzed for
purity by GC–MS. Dihydrohydroxystreptose had
w xa q21.58 in water. For the synthesized compoundD

Ž . w x203-C- hydroxymethyl -L-lyxopyranose, a q18.78D
w xin water has been reported 7 . It appeared that the

isolated and synthesized dihydrohydroxystreptoses
could be identical.

w xThe isolated virenose gave a y9.88 in waterD
w x17 Ž .which was comparable with a y11.68 water ofD

Ž . w xthe syrupy antiarose 6-deoxy-D-gulose 12 . In Ref.
w x w x154 , an a value of q8.18 was given for theD

isolated virenose, although this value was not consid-
ered very accurate because of the small amount of

Žsugar available. Glycosidation of virenose 3%
.methanolic HCl, 80 8C, 24 h gave a product having

w xa y30.88 in chloroform. Methyl 6-deoxy-3-C-D
w xmethyl-b-D-gulopyranoside obtained 13 from the

antitumor antibiotic virenomycin and the synthesized
w x w x20compound 14 were reported to have a y398D

w x29and a y308 in chloroform, respectively. FromD

these results, we could anticipate that the virenose we
isolated from LPS I and virenose as presented in

w xRefs. 13,14 were the same sugars. However, this
w xwas not in agreement with the previous findings 4,8

on virenose isolated from the C. burnetii LPS I.
In order to support our findings based on optical

rotation data, both monosaccharides have been stud-
ied in detail by the high-resolution NMR spec-
troscopy. The NMR analysis of virenose was quite
straightforward. The 500 MHz 1H 1D NMR spectrum
Ž .not shown was comparable with those published

w xearlier 13,14 for the corresponding methyl glyco-
sides. The values of chemical shifts and proton–pro-
ton coupling constants are listed in Table 1. For the
D-gulo isomer, the magnitude of three-bond proton–
proton coupling constant 3J is in agreementH-1– H-2

with the b configuration at the anomeric center and
4 Ž .with the C form of the ring Scheme 1 . The1

abundance of the a anomer was estimated to be
about 10%. The assignment of carbon signals was
carried out using 2D HSQC and HMBC spectra.

The 500 MHz 1H 1D NMR spectrum of dihydro-
hydroxystreptose is shown in Fig. 1 and the 2D
gradient-COSY spectrum in Fig. 2. There are several
well-resolved resonances in the spectra, such as dou-
blets at 4.82 and 3.49 ppm which originate from H-1
and H-2 protons, respectively. For the L-lyxo isomer,

3 Ž .the magnitude of J 8.0 Hz is in agreementH1– H2

with the antiperiplanar position of these protons, that
Žis, the a configuration is the prevailing one 85% a

.anomer, 15% b anomer . Further evidence support-

Fig. 1. The 500 MHz 1H spectrum of dihydrohydroxystreptose in deuterium oxide at 308 K.
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Fig. 2. Part of the 2D gradient-enhanced COSY spectrum
of dihydrohydroxystreptose in deuterium oxide at 308 K.

ing the antiperiplanar orientation of H-1 and H-2 was
based on a 2D NOE experiment. The only NOE
between the anomeric and other protons was that

Žseen for H-1 and one of the methylene protons at
.4.04 ppm . Thus, no NOE between H-1 and H-2 was

Table 1
Ž aChemical shifts d , referenced to external TSP , d s0TSP

. Žppm and proton–proton coupling constants J, values in
.Hz, obtained by spin simulation for dihydrohydroxystrep-

tose and virenose in aqueous solution at 308 K

Dihydrohydroxystreptose Virenose

d d

H-1 4.82 H-1 3.82
H-2 3.49 H-2 3.34
H-3 y H-3 y
H-4 3.77 H-4 3.31

Ž .H-6 CH 3.84 H-5 4.232
XŽ . Ž .H-6 CH 3.79 Me C-3 1.382

Ž .H-5a 4.04 Me C-5 1.23
H-5e 3.80
J 8.0 J 8.11,2 1,2
J 1.0 J 1.04,5a 4,5
J 1.0 J 6.54,5e 5,Me
J 12.45a,5e

XJ 12.66,6
C-1 97.2 C-1 97.3
C-2 73.1 C-2 75.7
C-3 78.3 C-3 76.5
C-4 71.2 C-4 78.2

Ž .C-6 C-3 65.9 C-5 72.4
C-5 69.2

aSodium 4,4-dimethyl-4-silapentanoate.

Fig. 3. Part of the 2D gradient-enhanced HSQC spectrum.
Ž13 .Two cross-peaks at 80 and 84.5 ppm C shifts as well as

the minor peaks at 71.5 and 66 ppm originate from impuri-
ties.

observed. This is possible only when both protons are
in antiperiplanar orientation. The remaining signals
Ž .between 3.7 and 4.1 ppm are those of H-4 and of
two CH groups. The signal at 3.67 and signals with2

lower intensities are due to impurities. The assign-
ment of H-4 and the methylene protons, as well as
determination of proton–proton coupling constants
was carried out by spin simulation. The values of 1H
and 13C chemical shifts and 1H–1H coupling con-
stants are given in Table 1. Distinction between the
individual protons in the CH groups and assignment2

Žof carbon resonances was based on 2D HSQC Fig.
. Ž .3 and HMBC Fig. 4 spectra. The protonated car-

bons were assigned directly from HSQC and the
Ž .chemical shift for the quaternary C-3 78.3 ppm

Žresulted from HMBC scalar interaction between C-3
.and H-4 and that with the hydroxymethyl protons .

One of the methylene groups had its chemical shift at
Ž .69.2 ppm proton signals at 4.04 and 3.80 ppm and

Žthe other at 65.9 ppm proton shifts at 3.84 and 3.79
.ppm .

Long-range proton–carbon scalar interactions were
crucial for determination of the sugar ring conforma-

Ž .tion. There are three long-range interactions Fig. 4
Ž .between C-1 97.2 ppm and protons at 3.49 ppm,

3.80 ppm, and 4.04 ppm. The first cross-peak corre-
sponds to a two-bond interaction between the

Ž .anomeric carbon and H-2 3.49 ppm , the remaining
two are between C-1 and the methylene protons at
3.80 and 4.04 ppm. The latter type of interactions is
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possible only when the monosaccharide is in a pyra-
nose form rather than in a furanose one. In the
pyranose form, the methylene protons are linked to
the ring carbon C-5 having a three-bond scalar inter-
action with C-1. This would not be the case in the
furanose form as the CH protons would be as a2

hydroxymethyl group linked to C-4 and, conse-
quently, the protons would be four bonds apart from
the anomeric carbon. In the latter case, the types of
cross-peaks in the HMBC spectrum as seen in Fig. 4
would not be observed. The relative intensities of
cross-peaks are also in agreement with this premise.
The more intense peak at 3.80 ppm corresponds to
the interaction between the equatorial proton and C-1
Žthe dihedral angle between C-1 and H-5e is close to

.1808 in the pyranose ring , and thus, the long-range
Ž .coupling constant is relatively large 6–7 Hz due to

3 w xthe dependence of J on dihedral angle 15 . AC – H

considerably weaker interaction exists between C-1
and H-5a. The dihedral angle between C-1 and H-5a
is ;608, and thus, the expected coupling constant is

Ž .small about 1.5–2.0 Hz . Further support for this
assignment and conformation was from the 2D NOE
experiment, where the observed NOE is between H-1
Ž .axial in a configuration in the L form and proton at
4.04 ppm, the latter signal corresponds to axial H-5.

In conclusion, we have demonstrated that virenose
isolated from the C. burnetii LPS I has the D configu-

Fig. 4. Part of the 2D gradient-enhanced HMBC spectrum
showing the most important scalar interactions within a

Ž .spin system. Three cross-peaks among C-1 97.2 ppm and
Ž .protons 3.49, 3.80, and 4.04 ppm are those originating

from interactions of the anomeric carbon with H-2, H-5e,
Ž .and H-5a lower intensity . Relatively strong cross-peaks
Ž 1 .at 3.67 ppm for H are due to impurities.

Scheme 2.

ration and the 4C ring conformation as it was re-1
w xported for the sugar isolated 13 from the antitumor

antibiotic virenomycin after methanolysis, as well as
w xthe synthesized 14 methyl b-D-virenoside. Further,

the NMR measurements have shown that the isolated
Ž .dihydrohydroxystreptose L form is in the pyranose

form with the 4C conformation. Previously, the fura-1
w xnose form of the sugar was reported 4 to be present

in native LPS I. From the data presented, it appears
Žthat tautomerization of furanose to pyranose Scheme

.2 took place during the isolation procedure. This
w xexplains the contradictory results published 4,7,8 on

dihydrohydroxystreptose isolated from the C. burnetii
LPS I.
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