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Surface polysaccharides of Gram-negative bacteria are involved in the molecular 
mechanism of infections [l]. The Chemical structure and primary sequence of the 
0-antigen of the lipopolysaccharide of Rhizobium fropici CIAT899 has been recently 
analysed by us [2], and has been shown to be formed by the repeating unit 

+ 4)-P-D-Glc p-( 1 -) 3)-6-deoxy-a-D-Tal p-( 1 - 3)-a-L-Fut p-(1 + 
2 
t 
OAc 

The three-dimensional structure of a carbohydrate is of primary importante to play a 
role in its biological function [3,4]. On this basis, we now report on the study of the 
Solution conformation of this polysaccharide antigen as well as its corresponding 
trisaccharide P-D-glucopyranosyl-( 1 + 3)2-0acetyl-6-deoxy-cY-D_talopyranosyl-(1 --f 
3)L-fucopyranose (1) and hexasaccharide ß-D-glucopyranosyl-( 1 -+ 3)-6-deoxy-cu-D- 
talopyranosyl-(1 * 3)-a-L-fucopyranosyl-( 1 + 4)/3-D-glucopyranosyl-(1 + 3)-6-deoxy- 
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cu-D-talopyranosyl-(1 4 3)+fucopyranose (2) fragments by using NMR spectroscopy 
and molecular mechanics and dynamics calculations [5]. 

1. Experimental 

NMR experiments.-NMR spectra were recorded at 25°C in D,O, on a Varian Unity 
500 spectrometer. Proton Chemical shifts were referenced to residual HDO at 6 4.76. 
Carbon Chemical shifts were referenced to extemal dioxane at 6 67.4. The DQF-COSY 
experiments were performed in the Phase sensitive mode using the Standard Varian 
sequence [6]. A data matrix of 256*2 K complex Points was used to digitize a spectral 
width of 4500 Hz. 16 scans were used per increment with a relaxation delay of 2 s. The 
90” pulse width was 7.5 ps. Prior to Fourier transformation, zero filling was used in F, 
to expand the data to 1 K * 2 K. The pure absorption one bond proton-carbon correlation 
experiments were collected in the ‘H-detection mode using the HMQC pulse sequence 
[7] and a reverse probe. A data matrix of 256 * 2 K complex Points was used to resolve a 
spectral width of 10,000 Hz and 4500 Hz in F, and F2, respectively. 16 scans were used 
per increment with a relaxation delay of 2 s and a delay corresponding to a J value of 
152 Hz. A BIRD-pulse was used to minimize the proton Signals bonded to 12C. 
i3C-decoupling was achieved by the WALTZ scheme. Squared cosine bell functions 
were applied in both dimensions and zero filling was used in F, to expand the data to 2 
K * 2 K. The HMBC experiment [8] was recorded using a similar pulse sequence with 96 
scans, removing the BIRD module, using a low J-pass filter, and with no decoupling 
during acquisition. A delay of 80 ms was used for evolution of long range couplings. 
Squared cosine bell functions were applied in both dimensions, and zero filling in F, to 
expand the data to 2 K* 2 K. The 2D rotating frame NOE (ROESY, CAMELSPIN) 
experiments [9] were recorded in the Phase sensitive mode. The spin-leck period 
consisted of a train of 30” pulses (2.5 ps>, separated by delays of 50 ps. Therefore, the 
spin locking field amounts to 1700 Hz. The total mixing time was set to 250-600 ms. 
The rf carrier was set at 6 6.0 ppm to minimize spurious Hartmann-Hahn effects [lO]. 
A data matrix of 256 * 2 K complex Points was used to resolve a spectral width of 4500 
Hz. 32 scans were used per increment with a relaxation delay of 2 s. Prior to Fourier 
transformation, squared sine bell functions shifted by 7r/2 were applied in both 
dimensions and zero filling was used in F, to expand the data to 2 K * 2 K. The spectrum 
was integrated using Standard Varian Software after applying a third Order polynomial 
baseline correction in F2. The ROESY intensities were corrected according to their 
corresponding offset. The Cross peaks intensities were estimated to have a k 15% of 
error. Different protocols were employed to estimate the Cross relaxation rates, and 
therefore, interproton distances, from the rotating frame experiments. (a) For a given 
mixing time, the total intensity of the added F, Cross sections containing diagonal and 
Cross-peaks was given a 100% value [ 111. (b) By extrapolation to zero mixing time of 
the linear dependence of 2Zij/(Zii * mixing time) versus mixing time, where Zjj and Zii 
are the integrated volumes of the Cross peaks and diagonal peaks, respectively [12]. (c) 
By using the ratio [ 131 x = Zij/Z,i according to the equations, Rc = (k/mixing time) 
ln[(l + x)/(l -x)], where k = 1 if WT= » 1 and k = - 1 if wrc « 1 [14]. The 2D 
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NOESY experiment [15] was recorded in the Phase-sensitive mode with a mixing time 
of 300 ms. A data matrix of 256 * 2 K complex Points was used to resolve a spectral 
width of 4500 Hz. 32 scans were used per increment with a relaxation delay of 2 s. A 
similar processing to that described for ROESY was applied. 

Molecular mechanics and dynamics calculations.-Glycosidic torsion angles are 
defined as @u H- l’-C- l’-O- l’-C-X, Pu C- l’-O- I’-C-X-H-X. Disaccharide entities 
are abbreviated as Glc-Tal, Tal-Fut, and Fut-Glc, for P-D-glucopyranosyl-(1 + 3).2- 
0-acetyl-6-deoxy-cY-D-talopyranose, 6-deoxy-a-D-talopyranosyl-( 1 + 3)-cr-L-fucopyran- 
ose, and cu-L-fucopyranosyl-(1 -+ 4)-P-n-glucopyranose, respectively. Relaxed residue 
(@,qI) potential energy maps were calculated for all the disaccharide entities of 1 and 2 
by using the AMBER forte field parametrised for carbohydrates by Homans [ 161. The 
previous step involved the generation of the corresponding rigid residue maps by using a 
grid step of 12”. Then, every @, 9 Point of this map was optimised using 200 steepest 
descent Steps, followed by 1000 conjugate gradient iterations. Following this protocol. 
the maximum rms derivative in low energy regions was smaller than 0.05 kcal/mol *A. 
Despite the restriction set around the glycosidic linkages (2500 kcal/mol/rad’), 
deviations smaller than 0.3” in @, q values were observed in high energy regions. This 
high restriction was used in Order to keep the @, V’ values at the desired Position. Only 
the gg conforrnation of the lateral chain was used for the glucose residue [ 171. The 
starting Position for the secondary hydroxyl groups was set as rr (anti-clockwise). A 
dielectric constant of 78 D was used for the calculations. Populations were derived using 
a Boltzmann distribution from the AMBER steric energy values. The combination of the 
global minima found for the constituent disaccharide entities were used to build the 
trisaccharide and hexasaccharide structures, 1 and 2, which were subsequently mini- 
mized in an exhaustive way. These geometries were then taken as starting structures for 
Molecular Dynamits calculations in vacuo by using the AMBER forte field as inte- 
grated in the Discover 2.9 program [18]. The MD simulations were performed at 300°K 
with dielectric constants of 78 D, and a time step of 1 fs. The equilibration time was set 
to 150 ps while the total Simulation time was 750 ps. The temperature was controlled 
during the equilibration and Simulation periods by coupling to a temperature bath, using 
an exponential decay constant of 0.1 ps [19]. During the equilibration, the velocitics 
were rescaled when the differente between the actual and the required temperature was 
higher than 10”. Trajectory frames were saved every 1 ps. The trajectories were then 
examined with the Analysis module of INSIGHT 11 [20]. (rm ‘) distances were also 
calculated using the Analysis module. The polysaccharide was built from the corre- 
sponding disaccharide entities, using the global minima for every glycosidic linkage. 

2. Results and discussion 

Table 1 Shows the values of the steric energies of the different conformers of the 
constituent disaccharide entities (Glc-Tal and Tal-Fut) of trisaccharide 1, obtained, as 
described in Experimental, by using the AMBER forte tield parametrised by Hornairs 
for carbohydrate molecules [ 161. 
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Table 1 
Relevant interatomic distances and steric energy differentes (kcal/mol) for the relevant low energy conforn- 
ers of the disaccharide entities of oligosaccharides 1 and 2. @/tY arc rounded values 

Glycosidic linkage 

Glc-Tal Tal-Fut Fut-Glc 

Parameter Conformer 

A B 

@/T 50/10 180/0 

‘HAI’-HZ 2.6 4.1 
rH-I’-HJ 4.1 4.1 
rH-I’-Hi 2.2 3.4 
‘H-I’-HS 4.8 5.8 
rH-S’-HI 4.9 5.9 

Energy 0.0 1.1 

C D E F G 

- 60/0 -4O/- 160 60/10 -5o/-‘IO 70/30 

3.8 1.9 4.5 4.0 5.3 
4.1 3.6 2.8 3.0 2.7 
2.4 3.3 2.5 2.5 4.5 
4.9 4.5 4.3 4.4 3.3 
1.8 5.2 5.2 4.4 2.4 

0.0 3.1 4.1 0.0 3.6 

Relaxed energy Plots of the isoenergy contours are given in Fig. 1. It tan be observed 
that both adiabatic maps show a similar shape, although the surface of Glc-Tal seems to 
be more extended along both CP, !P axes. This fact is reasonable, in principle, since the 
site of attachment of the glycosidic linkage to the talose moiety shows two axial Oxygen 
substituents, while that to fucose has only one equatorial and one axial. Therefore, 
according to the observations previously reported [21] by Anderson et al., a higher 
rigidity along the ?P angle for Tal-Fut is to be expected. The lowest energy region 
(below 5 kcal/mol from the global minimum) of Glc-Tal is described by glycosidic 
torsion angles @ = 50 1_ 30, P = 0 f. 65” (global minimum at ca. 50/ 101, and interpro- 
ton distance rH_ ,, _ H_3 = 2.2 $r 0.4 A, appears to be populated to greater than 90%, while 
there is a small island centered about 180/0”, which is populated less than 5% at 40”. 
For Tal-Fut, the corresponding low energy region is described by torsion angles 
@ = - 50 f 20, !P= - 10 + 55” (global minimum at ca. - 60/0), and interproton 
distance rH_ ,, H_3 = 2.4 f 0.4 A and is populated to greater than 95%. The rest of the 

Fig. 1. Relaxed energy maps of the isoenergy contours (1 kcal/mol) obtained by using AMBER (e = 80) for 
the disaccharide entities of the 0-antigen of the polysaccharide of Rhizobium tropici CIAT899. (A) Fut-Glc, 
(B) Glc-Tal, and (C) Tal-Fut. 
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Fig. 2. Trajectoly Plots of the MD Simulation (AMBER, E = 80, time 750 ps) of trisaccharde 1. (AI 
Trajectory of the Simulation in @/Y space for Glc-Tal. (B) Trajectory of the Simulation in @/Y space for 
Tal-Fut. (C) History of CP of Glc-Tal. (D) History of Y of Glc-Tal. (E) History of @ of Tal-Fut. (F) 
History of Y of Tal-Fut. 

population derives from this region towards positive @ angles. It has to be noted that all 
these populations are calculated from steric energy values which correspond to en- 
thalpies and not to true free energies. 

As a further Step, one structure of 1 was built from the global minima of both maps 
and after extensive minimization, its conformational stability was studied by using 
molecular dynamics simulations with the DISCOVER-AMBER program. The trajecto- 
ries of the glycosidic linkages are displayed in Fig. 2. In all cases, no chair-to-chair or 
chair-to-boat interconversions were observed. For Glc-Tal, the average @/?P angles 
were calculated to be 50/ 10, while for Tal-Fut, the corresponding values were - 50/0. 
It tan be observed that the trajectories remained for most of the time ( > 90%) in the low 
energy regions previously mentioned. 
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Table 2 
’ H-NMR Chemical shifts (a, ppm) and coupling for trisaccharide 1, hexasaccharide 2, and the 0-antigen of the 
lipopolysaccharide of Rhizobium tropici CIAT899 

Unit H-l H-2 H-3 H-4 H-5 H-6a H-6b 

Trisaccharide 1 
(I-L-FUC ’ p 5.21 3.87 3.89 3.87 4.21 1.19 d _ 
2-O-Ac-6-d-woTal p 5.12 5.35 4.40 3.95 4.21 1.26 d _ 

ß+Glc p 4.60 3.31 3.49 3.41 3.45 3.73 3.90 
ß-L-Fucp b 4.59 3.54 3.69 3.80 3.81 1.23 d _ 

Hexasaccharide 2 
a-L-Fut ’ p 5.21 3.90 3.90 3.88 4.22 1.19 d _ 
6-d-woTal p 5.14 4.15 4.18 3.96 4.16 1.26 d _ 

ß-oGlc p ’ 4.67 3.42 3.50 3.44 3.45 3.73 3.89 
ß-L-Fucp b 4.60 3.53 3.69 3.80 3.82 1.23 d - 
(Y-L-FUC p 4.97 3.88 3.90 3.88 4.42 1.17 d _ 

ß-DGlcp 4.69 3.40 3.57 3.56 3.64 3.85 3.95 

Polysaccharide 
6-d-a-oTa1 p 5.11 4.15 4.17 3.95 4.16 1.25 * _ 
a+Fuc p 4.96 3.88 3.89 3.87 4.41 1.26 d _ 

ßoGlc p 4.67 3.41 3.56 3.56 3.63 3.84 3.94 

‘.b Reducing ends; 
’ Non-reducing end; 
d Protons of C-6 methyl group. 

NMR spectroscopy tan be used to distinguish the presence of either conformer [22]. 
The low energy region for Tal-Fut has short distances between Fut-H-3 and Tal-H-l’, 
and Fut-H-4 and Tal-H-5’, while that for Glc-Tal Shows close contacts between 
Tal-H-3 and Glc-H-1’. The area within the low energy region with positive !P torsion 
angles also bring Tal-H-2 and Glc-H-l into close proximity. These structural character- 
istics are also shown in Table 1. The Observation of one or two interresidue NOEs tan 
impose constraints in the potential energy map to verify the existente of a given 
conformation [23]. The previous step for the analysis of the NOE data was the 
assignment of the different resonances as described through a combination of 2D-NMR 
COSY, TOCSY, HMQC and HMBC techniques [2]. The first-Order Chemical shifts for 1 
are shown in Table 2. 

Hydroxymethyl conformation.-Glc H6,,,, and H6,,,s were assigned as previously 
reported [17,24]. The distribution of rotamers was calculated, following well established 
methodology, assuming a gt: gg equilibrium. The observed couplings (2.4, 5.4 Hz) 
agree with combinations of the gt and gg rotamers, with the gg family populated to an 
extent of ca. 60%. 

Analysis of NOE data.-The conformational analysis of oligosaccharide structures 
based on NOE data has been performed in several ways [25]. In this case, rotating-frame 
NOE experiments (Fig. 3) were used to obtain the experimental interproton distances, 
since the corresponding NOESY maps did not show relevant Cross peaks, an indication 
of a molecule with wrc ca. 1 .l [9,14,25]. Qualitatively, the existente of NOEs between 
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H-l Tal / H-3f3 FIX !D 

H-l Tal / H-3a Fut Qa Fut) 

H-l Glc /H-3 Tal 

H-l Glc / H-2 Tal 

Fig. 3. ROESY spectmm (300 ms) of 1 in D,O at 300 K. Relevant Cross-peaks arc indicated. Cross peaks have 
the opposite sign to the diagonal peaks. 

Glc-H-1 and Tal-H-3 and between Tal-H-l and Fut-H-3 implies that the glycosidic 
angles of compound 1 spend most of its time within the calculated low energy regions. 
On the other hand, the relevant Glc-H-l-Tal-H-2 NOE indicates that the region 
defined by positive iE angles is strongly populated in water Solution. The corresponding 
average distances for Glc-H-l-Tal-H-2, Glc-H-l-Tal-H-3, and Glc-H-l-Tal-H-4 
proton pairs from MD simulations are 3.15 A, 2.50 A, and 4.10 A, respectively, 
although oscillations could be observed. On the other hand, the calculation of ( rPh> 
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Table 3 
Calculated (from MD simulations) and experimental (ROESY) distances for the relevant interresidue proton 
pairs of compounds 1 and 2 in D,O. Experimental distances are based on cross pcak intensities, assuming a 
rigid isotropic tumbling molecule. Cross peak intensities were assumed to have a f 15% error. Distances for 
the hexasaccharide are only approximated and should be regarded with caution, since the key protons present 
overlapping 

Proton pair Distance 

MD ROESY 

Glc-H- 1 /Tal-H-2 
Glc-H-l/Tal-H-3 
Glc-H-l /Tal-H-4 
Fut-H-l/Tal-H-4 
Fut-H-l/Glc-H-4 
Tal-H-l/Fuc-H-2 
Tal-H-l/Fuc-H-3 
Tal-H- 1 /Fut-H-4 
TAl-H-5/Fuc-H-4 

2.87 2.3-2.5 
2.40 2.4-2.6 
3.43 3.5-4.0 
3.43 3.5-4.0 
3.20 ’ 3.1-3.7 h 
3.59/3.42 ’ 3.2-4.0 
2.35/2.43 ’ 2.2-2.6 
3.38/3.17 a 3.2-4.0 
2.15 2.2-2.5 b 

’ MD of the hexasaccharide 2. 
’ Approximated values due to partial overlapping. 

averaging for the same Simulation provides the values to be compared to the NOE 
results [14,26]. These are 2.87, 2.40, and 3.43, respectively (Table 3). According to these 
values, besides those observed NOEs, we could also expect the presence of a small NOE 
between Glc-H-l-Tal-H-4 protons. In fact, this NOE tan be detected at the noise level. 
For the Tal-Fut glycosidic linkage, the ( rm6 ) values are 3.59, 2.35, and 3.38 A, for 
Tal-H- 1 -Fut-H-2, Tal-H-l -Fut-H-3, and Tal-H-l -Fut-H-4 groton pairs, respec- 
tively. The corresponding Tal-H-55Fut-H-4 distance is 2.15 A. The experimental 
distances were estimated from the ratio of the integrated Cross peak volumes of the 
ROESY experiment. Intraresidue Tal-H-l -Tal-H-2 and Tal-H-2-Tal-H-3 Cross peaks 
were used as references. Taking into account the Cross relaxation rates obtained by the 
different protocols (sec Experimental), and the estimated error for the Cross peak 
intensities, the actual distances for the Glc-Tal unit would range for Glc-H-l-Tal-H-2 
between 2.3-2.5 A, Glc-H-l-Tal-H-3 2.4-2.5 A, and Glc-H-l-Tal-H-4 3.5-4.0 A, 
while those for the Tal-Fut moiety are Tal-H-1-Fut-H-2 3.4-4.0 A, Tal-H-l-Fuc- 
H-3 2.2-2.6 A, Tal-H-l-Fut-H-4 3.4-4.0 A, and Tal-H-5-Fut-H-4 2.2-2.5 A. 
There is some uncertainty in the obtained distances due to the partial overlapping of 
Fut-H-3 and -H-4, and Fut-H-5 and Tal-H-5 proton resonances. Nevertheless, the 
comparison among the observed and expected interresidue Cross peaks indicates that a 
satisfactory match could be obtained by considering the presence of flexibility around 
the global minimum for both glycosidic linkages as calculated by the MD simulations 
for 1. The only small discrepancy appears for Glc-H-1-Tal-H-2, for which the 
experimental distance is smaller than that calculated by the simulations. According to 
the experimental NOEs, this glycosidic linkage seems to spend more time in the region 
with positive 9 angles. In addition, according to the experimental data, the presence of 
other conformers (> 5%) tan be discarded. Therefore, according to our results, the 
AMBER forte field [ 161, when used in these conditions (bulk and high dielectric 
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Fig. 4. Stereoscopic view of the global minimum of 1, obtained from MM and MD simulations and NOE 
experiments. 

constant), does satisfactorily reproduce the conformational properties of 1. Therefore, at 
least for this particular case, it does not seem necessary to include the experimental NOE 
constraints in the MD Simulation as recently indicated by the group of Homans [27]. 

These results indicate that the extent of flexibility around the glycosidic linkages of 1 
in water Solution is rather limited, and that less than 10% of the complete potential 
energy surfaces are populated in Solution. Compound 1 Shows a moderate flexibility, 
similar to that proposed for different oligosaccharide molecules [28]. 

A view of the global minima of 1 is shown in Fig. 4. The superimposition of different 
conformers found in the Simulation (data not shown) indicates that the global shape of 
the Fut and Tal pyranoid rings is very similar, while the Glc moiety Shows higher 
fluctuations. 

Hexusaccharide 2.-Trisaccharide 1 is the repeating unit of the 0-antigen of a 
lipolysaccharide which also includes an additional a+Fuc-(1 + 4)-Glc linkage [2]. An 
hexasaccharide fragment has also been obtained by partial hydrolysis [2] of this 
polysaccharide. The proton Chemical shifts for this hexasaccharide 2 are also given in 
Table 2. The most relevant Variation with regard to 1 is the lack of the 20acetyl group 
at the Tal moiety. A similar approach to that described above was employed to study the 
tri-dimensional structure of 2. The relaxed energy map for the remaining glycosidic 
linkage, Fut-Glc, is also presented in Fig. 1. A hexasaccharide molecule was built from 
the global minima of 1 and a-L-Fut-(1 -+ 4)-Glc, which, after extensive minimization, 
was also submitted to AMBER MD simulations in vacuo (E = 78). The trajectories of 
the different linkages during 500 ps are shown in Fig. 5. The average @/V angles and 
the corresponding distances (from (rm 6> averaging) are also gathered in Table 3. As 
expected, the results for the Tal-Fut and Glc-Tal linkages are remarkably similar to 
those described above for 1, while Fut-Glc Shows certain flexibility, mainly around 
angle P. Although there is a short incursion (ca. 100 ps) to the positive @ region for the 
Tal-Fut glycosidic linkage, the trajectory goes back to the main low energy region and 
stays there for the rest of the Simulation. This slightly higher flexibility of the Tal-Fut 
moiety may be due to the lack of the 2-O-acetyl moiety of the talopyranosyl residue in 
the hexasaccharide. It tan be observed that this incursion into the positive @ region does 
not substantially modify the ensemble average distances (calculated from (r ‘> values) 
in comparison with those calculated for the trisaccharide and even with the global 
minima of 1 and 2. Therefore, the Simulation should be regarded as one of the possible 
distributions which is in agreement with the limited (see below) NOE data. The 
modelling results are in agreement with an independent behaviour for every glycosidic 
linkage of both 1 and 2, as is usually observed in small linear oligosaccharides. In fact, 
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PHI TAL-FUC 

PHI FUC-GLC 

- lW.0 40.0 eo.0 : 

PHI GLC-TAL 
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Fig. 5. Trajectory Plots of the MD Simulation (AMBER, E = 80, time 500 ps) of hexasaccharide 2. (A) 
Trajectory of the Simulation in @/p space for Tal-Fut. (B) History of @ of Tal-Fut. (C) History of tY of 
Tal-Fut. (D) Trajectory of the Simulation in @/q space for Fut-Glc. (E) History of @ of Fut-Glc. (F) 
History of p of Fut-Glc. (G) Trajectory of the Simulation in @/‘J’ space for Glc-Tal. (H) History of @ of 
Glc-Tal. (1) History of rY of Glc-Tal. 

no experimental NOEs were found between non-connected residues. Although the 
overlapping and strong coupling of the key protons in the NMR ROESY spectra of 2 
precludes a quantitative analysis of the NOE data, the comparison between the expected 
and the observed ROESY contacts (Fig. 6) seems to Show again a satisfactory agreement 
between the NMR data and the calculations employing AMBER. Again, the superimpo- 
sition of different conformers found in the MD Simulation indicates that there are 
potential fluctuations around the glycosidic linkages of the hexasaccharide, although the 
global shape of the chain remains basically the Same. 
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H-l FIX / H-(3+4) Glc 0 

H-l Tal / H-(2+4) Fut 

H-l Tal / H-3 Fut 

H-l Glc / H-(2+3) Tal 8’ 

0 

3 

. . 

/ 
,?2 .-_ 

8 

Fig. 6. ROESY spechum (250 ms) of 2 in D,O at 300 K. Relevant Cross-peaks arc indicated. Cross peaks have 
opposite sign than the diagonal peaks. 

Finally, a polysaccharide structure was built from the global minima of the different 
glycosidic linkages. As observed for the hexasaccharide, the overlapping Signals make a 
quantitative analysis difficult. Nevertheless, the observed NOESY Cross peaks for the 
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H-l Tal / H-3 Fut (2 Fut) 

H-l Glc / H-2 Tal 

H-l Glc / H-3 Tal 

Fig. 7. NOESY spechum (300 ms), in D,O at 300 K, of the 0-antigen of the polysaccharide of Rhizobium 
tropici CIAT899. Relevant Cross-peaks arc indicated. Cross peaks have the same sign than the diagonal peaks. 

complete polysaccharide (Fig. 7) are also in agreement with a large conformational 
Population around the previously described minima for the different glycosidic linkages 
of 1 and 2. Therefore, this structure tan be considered to be representative of the 
complete 0-antigen of the lipopolysaccharide of Rhizobium tropici CIAT899 [2] (Fig. 
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Fig. 8. Stereoscopic view of the shucture of the 0-antigen of the polysaccharide of Rhizobium tropici 
CIAT899, built from the global minima found for every glycosidic linkage. A helical-type form with repeating 
block of nine residues may be observed. 

8). It tan be observed that the polysaccharide tends to adopt a helical form, in which the 
repeating block corresponds to nine residues. 
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