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Abstract

The preferred solution conformation of the pseudodisaccharieks; containing the structural motifs that have
been proposed for the putative inositolphosphoglycan (IPG) mediators of intracellular signalling processes, have
been investigated using NMR spectroscopy and molecular mechanics calculations. The results indicate that the
different structural motifs¢¢ andf 1-6 orax andf 1-4 glucosaminyb-myacinositol; x andf 1-6 glucosaminyl-
D-chiro-inositol) adopt various three-dimensional shapes that may modulate their biological properties. © 2000
Elsevier Science Ltd. All rights reserved.

1. Introduction

Several lines of evidence seem to indicate that the binding of a number of growth factors, classical
hormones and cytokines to their receptors results in the enzymatic cleavage of uncharacterised gly-
cosyl phosphatidylinositols (GPIs) to give inositolphosphoglycans (IPGs) that modulate the activity of
intracellular enzymes and mediate a variety of intracellular evefitee scarcity of biologically active
material that can be obtained from mammalian tissues has prevented the unequivocal determination of the
precise chemical structure of the IPG mediators; however, two main structural groups have been proposed
on the basis of chemical composition and biological actittythe family of the inhibitors of the c-

AMP dependent protein kinase (PK&AWwhich containmycinositol, non-acetylated glucosamine and
phosphate and the family of the activators of pyruvate dehydrogenase phosphatase (PDH phosphatase),
which containchiro-inositol, non-acetylated galactosamine and phosphate. Neither the nature of the
enzymes involved in GPI cleavage [most likely a phosphatidylinositol specific phospholipase C (PI-PLC)
or D (PI-PLD)] nor the mechanism by which this enzyme is regulated are known, and detailed studies of
the specific structural requirements involved either in GPI cleavage or IPG activity are lacking.
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We are engagéd® in studies directed at establishing the molecular basis of this new intracellular
signalling mechanism by synthesising a variety of IPG-like structures, on the basis of the already
existing partial structural data on naturally occurring IPGs, and investigating some aspects of their
potential biological activity. In order to perform structure—activity studies involving key enzymes in the
signalling process possessing well-defined binding site geometries, such as PKA and glycogen synthase
phosphatase 2&3 the three-dimensional structure of these synthetic IPG-like compounds has to be
determined. As a continuation of previous studies in which the conformation of a series of substances
containing the most commonly encountered glucosami{}6)-D-mycinositol structural motif was
established, we now report on the solution conformation of a variety of synthetic IPG-like structures that
may reasonably be involved in the signalling process.

In previous papers we reporfecbn the solid-state structure oD-2-ammonio-2-deoxyx-D-
glucopyranosyl-(1-6p-myainositol-1,2-cyclic phosphatd and on the solution conformation of
1, O-2-ammonio-2-deoxyx-D-glucopyranosyl-(1-6)3-myaoinositol-1-phosphate2, and O-x-D-
mannopyranosyl  (1-4p-2-ammonio-2-deoxyx-D-glucopyranosyl-(1-6-myaoinositol-1,2-cyclic
phosphat&. Compound4 and2 are expected to be the products generated from a glycosyl phosphatidyl-
inositol such ast after PI-PLC hydrolysis while compour@lis expected to be one of the products
generated from a glycosyl phosphatidylinositol suchb5aafter PI-PLC cleavage. It was concluded
that the three-dimensional structures of compouh@sd2 may be described by a major conformer
that undergoes torsional oscillations around a global minimum in which the charged ammonium and
phosphate groups appear close in space, particularly in the case of conpoiihd 3P and'H
NMR spectra of these compounds were analysed as a function of pH and the data provided relevant
information regarding the influence of the ionisation state of the ammonium and phosphate groups on
the distinct conformational behaviour of these compounds. Other zwitterionic members of this family
of compounds bearing the glucosaminy(1-6)-D-mycinositol structural motif such a8® or the
pseudopentasaccharide that constitute the conserved linear structure of the GPI &hshomsed a
similar conformational behaviour.
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The study of the conformation of these IPG-like structures containing the glucosau(ibyb)-
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D-myainositol structural motif has now been completed with compou@ez-amino-2-deoxyx-D-
glucopyranosyl (1-6p-myainositol 7 and O-2-ammonio-2-deoxyx-D-glucopyranosyl (1-6)-myo
inositol-1,2-cyclic phosphat8. Compound? is the product to be expected frobafter PI-PLD clea-
vage while compoun® contains the same basic structural motiflabut the L-configuration of the
myainositol moiety (or thex 1-4 glycosidic linkage in th@®-series) since this motif has previously
been suggested to be involved in the insulin signalling proe&s©n the other hand, the solution
conformation of theB-configurated compound®-2-ammonio-2-deoxyB-D-glucopyranosy! (1-6)-
myacinositol 9 and O-2-ammonio-2-deoxyB-D-glucopyranosyl (1-6)-myainositol-1,2-cyclic phos-
phate 10 have been investigated as these structural motifs were recently proposed to be present
in biologically active substancé’!® Finally, the conformational behaviour in solution of tie
chiro-inositol-containing compounds, either with tie or B-configuration,0-2-amino-2-deoxyx-D-
glucopyranosyl (1-6)p-chiro-inositol 11, O-2-ammonio-2-deoxyx-D-glucopyranosyl (1-6)-chiro-
inositol-1,2-cyclic phosphat&2, O-2-ammonio-2-deoxyx-D-glucopyranosyl (1-6)3-chiro-inositol-1-
phosphatel 3, O-2-amino-2-deoxyB-D-glucopyranosyl (1-6p-chiro-inositol 14 and O-2-ammonio-2-
deoxy{3-D-glucopyranosyl (1-6)-chiro-inositol 15 has been investigated.
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2. Results and discussion

The conformational analysis of compoundsl5 in solution has been carried out by NMR spectro-
scopy and molecular mechanics calculatibh$he AMBER* force field!® which is parameterised for
pyranoses and provides adequate parameters for the phosphate groups, has been used for the calculations.
In addition to the glycosidic torsion anglds, (H1'-C1-01-C6) and& (C1'-O1-C6-H6), all possible
conformations of the phosphate group, those of the hydroxymethyl group, and the clockwise and
anticlockwise orientations of the secondary hydroxyl groups have been considered in the calculations.
The NMR spectra of all compounds15were assigned using standard 2D techniques (COSY, TOCSY,
NOESY and ROESY). NOE and ROE have been measured using 1D selective NOESY, ROESY and
TROESY with a DPFGSE selection module using at least six different mixing times (from 600 to 100
ms). Cross relaxation ratesyog, Orog, OTrRoE) Were obtained from these values by extrapolation at zero
mixing time1° and interprotonic distances were evaluated assuming isolated spin pairs approximation,
and using the closest glucosamine distance as known distance. This technique is sensible enough as to
allow detecting enhancements of 1%.
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2.1. The glucosamine 1-6 myo-inositol structural motif

The adiabatic surfaces built from the relaxed maps and the corresponding probability distribution maps
superimposed on the key NOEs predicted for compouradwi8 are shown in Figs. 1 and 2, respectively.
In both cases two local minima are predicted, the lower energy one describisgntbenformation, and
the higher energy one corresponding taati-conformation, as could be expected as a result oéue
anomeric effect. The overall description of the populated conformational space is similar in both cases
and in agreement with previous findings for thel—6)-linked structure$ and2, although the population
distribution maps calculated from the whole set of conformers prediGtdod8 a population lower than
1% for the high energy minimum. Threyn'¥ minimum is characterised by the HH6 exclusive NOE
while theanti-¥ minimum is characterised by the HH5 and H1-H1 contacts. These three exclusive
NOEs are observed farand8, which indicate that these two predicted conformers are present in a fast
equilibrium (Table 1). For compoun8 the shorter interprotonic experimental distance corresponding
to H1'-H6 indicates that, according to the molecular mechanics predictions, the highest populated area
lays around thesynminimum. For compound, strong coupling and overlapping between’ ldhd H6
prevents the measurement of the individual NOE values and therefore the calculation of the experimental
distances. However, a qualitative analysis could be carried out in this case using an HMQC-NOESY
where the'3C chemical shift values for Cland C6 in the indirect dimension are different enough as to
permit the distinction of the individual NOE peaks. Also, in this case the strongest contact corresponded
to the HI-H6 peak.
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Fig. 1. Relaxed adiabatic energy map (left) calculated for compd@urmehd superimposition of the key NOEs predicted for
compound? on the conformational probability distribution plot (right). The level contours are given every 5 k3 foolthe
energy, the interprotonic distances at 2.5 and 3 A and the probability at 10, 5 and 1%

From the above NMR results it can be concluded that the three-dimensional structures @f both
and 8 in solution may be described by a major conformgyn(¥) in fast equilibrium with a minor
conformer @nti-'¥). There is, therefore, a discrepancy between the experimental results and the theoretical
predictions that fail to properly evaluate the weight of #mi-'¥ minimum in this system. These results
are also apparently in contradiction with our previous Wdhlat, also using the AMBER force fif®but
with different modification&! to include the anomeric areko-anomeric effect, concluded that the three-
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Fig. 2. Relaxed adiabatic energy map (left) calculated for comp@&jraehd superimposition of the key NOEs predicted for
compounds on the conformational probability distribution plot (right). The level contours are given every 5 ki foolthe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%

Table 1
Experimental cross-relaxation ratesand experimental and calculated distancesi® &t 25°C, for
7 and8
NOESY ROESY
Proton Pair os' Exp. os' Exp. Caled.
7 HI'-H2’ 0.081 0.093
H1’-H6 + H1’-H1 0.112 0.058
HI1’-HS 0.014 3.41 0.009 3.23 3.72
8§ HI'-H2’ 0.074 0.078
H1’-HS 0.018 3.00 0.076 2.38 4.51
H1’-H6 0.077 235 0.189 2.05 2.28
H1’-H1 0.011 3.24 0.010 335 3.86

dimensional structures dfand2 could be almost exclusively described by a major conforragn);

this then being substantiated by NMR as the minor conformeti-) also could not be experimentally
detected. The experimental observation of the presence of the minor conformer in the chaad &f

but not for compound& and2 could, however, be rationalised taking into account the higher flexibility
of the glycosidic linkage of7, due to the lack of electrostatic interaction, and the different spatial
arrangement of the ammonium and phosphate grougsaim compared td and 2. In the case of the
latter compounds the electrostatic interaction should favousyneél conformation while an opposite
effect could be expected f@rsince the calculated geometries predict a favourable interaction anthe

¥ situation. The NOE ratio between HH2 and H1-H5 for compound¥ and8 (H1'-H2 /H1'-H5',

5.8 for 7 and 4 for8) indicates a somehow higher weight arfiti-¥ conformer in the case @&. A full
minimisation carried out on th&yn'¥ andanti-¥ lower energy structures taken from the adiabatic energy
maps indicates the possibility of opposite stabilising effects (Fig. 3). On one sidsyréstructure
presents a hydrogen bond between the hydroxyl group in position 6 of the glucosamine and an oxygen of
the inositol phosphate group. On the other side8theti-'¥ conformer could be stabilised by electrostatic
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interactions between the charged groups. As a result of this balance, only a small deviation towards the
anti-minimum with respect t@ was found.

Fig. 3. Minimised structures fof (top) and8 (bottom) insyn-(left) andanti- (right) conformations

2.2. The glucosaming 1—-6 myo-inositol structural motif

The three-dimensional structures in solution of compoudidsd 10 have been similarly studied.
The corresponding adiabatic surfaces and population distribution maps superimposed on the predicted
exclusive NOEs are given in Figs. 4 and 5. As may be expectedffaylgcosidic structure three minima
(synY, anti-¥Y and anti-®) are predicted, thesyn¥ being the energetically favoured conformation.
The key NOEs that characterise these minima are-H@&' for the syn'¥ situation (this may also be
accompanied by a weak H4H1' contact), H1—H1 and H1-H5' for theanti-¥ orientation, and H2-H6
for theanti-® arrangement. The NOESY spectrumdafhows strong HEH6 and weak H1-H1 peaks.
The HI-H5 contact cannot be directly detected because of overlapping with the intraresicté¢s5H1
although the intensity of the latter, as compared with-HH3', clearly indicates the existence of an
H1-H5 contribution. For compourid a strong H1-H6 and two weak H:H1 and H1-H5 cross peaks
are observed. Quantitatively, both compounds can be described as in a fast equilibrium lsgtwEen
and theanti-¥ conformers with the highest contribution arising from #y& V¥ situation. A gquantitative
analysis of the experimental data indicates a slightly higher weight afytheonformation forl0 with
respect td. The HI-H1 experimental distance f@ (Table 2) is shorter, and theyog ratio between
exclusive NOEs of thesynand anti minima (H1-H6/ HI'-H1 5.8 for9 and 6.2 for4) is bigger for
10. The structural reason for this difference could be an electrostatic interaction only possiblsyn the
conformation favourable ih0 (Fig. 6).

2.3. The glucosamine 1-6chiro-inositol structural motif
For thex-linked D-chiro-inositol compound41, 12 and13the adiabatic energy maps and conforma-

tional probability distribution plots predict a singdgn'¥ minimum (Figs. 7-9). The detailed inspection
of probability distribution maps shows a similar overall shape of the populated areas with the higher
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Fig. 4. Relaxed adiabatic energy map (left) calculated for comp®jraehd superimposition of the key NOEs predicted for
compound on the conformational probability distribution plot (right). The level contours are given every 5 ki foolthe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%
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Fig. 5. Relaxed adiabatic energy map (left) calculated for compd@ndnd superimposition of the key NOEs predicted for
compoundL0 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookhe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%

probability points slightly displaced from one compound to another. For compatnthe global
minimum resides at A®» —27.0,¥ 41.8, while for compound.3 the predicted values are —42.4,
Y 4.7. For compound2, a combination of both situations exists with two stable point at27.2,¥Y
40.2 and® 48.3,¥ 22.9. Thus, according to molecular mechanics calculations a gégbdl minimum
that can be split into two local subminima (Al aroud30, ¥ 30 and A2 aroundd —40, ¥ 10) are

predicted.
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Table 2
Experimental cross-relaxation ratesand experimental and calculated distancesi® &t 25°C, for
9and10
NOESY ROESY
Proton Pair os! Exp. os' Exp. Calcd
9 HI’-H2’ 0.018 0.019
HI’-H3’ 0.063 0.190
H1’-HS’ + H1’-HS 0.104 0.170
HI1’-H6 0.128 2.21 0.261 2.35 2.30
H1’-H1 0.022 2.97 0.047 3.13 4.49
10 HI’-H2’ 0.005 0.027
H1’-H3’ 0.051 0.130
HI1’-HS5’ 0.108 0.256
HI1’-H6 0.103 2.41 0.257 239 2.28
H1’-Hl1 0.015 3.33 0.024 3.56 4.04
H1’-H5 0.017 3.27  0.027 3.49 4.53

Fig. 6. Minimised structures fd@ (top) and10 (bottom) insyn-(left) andanti- (right) conformations

The key contacts that characterise this global minimum are-H@ and H1-H1 that in this case
intersects the highly populated area of the conformational space. The unpreaitidt minimum
would be characterised by the observation of thé-H2 and/or H4 contact. The NOESY spectra of
11, 12 and 13 show strong H:--H6 and weak H1-H1 peaks. A small HEH5 peak at long mixing
times is observed in the case If. Since this contact is not predicted it may be considered artifactual
arising either from spin diffusion or through strong scalar coupling. The experimental distances obtained
from onoe (Table 3) are in good agreement with the predicted values although theH distance
is systematically underestimated. When the experimental distances are compared withaherage
along the molecular dynamics trajectories this agreement is even better and’ti¢lHire correctly
predicted (Table 3). This better fit may indicate the existence of a certain degree of freedom within the
populated region and reflects the existence of oscillations around the global minimum.

A further analysis of the experimental results can give more precise information about the conforma-
tional properties of this motif. As the intersection of the sort distance regions ‘efHfland H1-H1
contacts is centred on the A2 subminimum, while Al is out of thedH1 sort contact area, an increase of
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Fig. 7. Relaxed adiabatic energy map (left) calculated for compdundnd superimposition of the key NOEs predicted for
compoundL1 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookhe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%
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Fig. 8. Relaxed adiabatic energy map (left) calculated for compd@ndnd superimposition of the key NOEs predicted for
compoundL2 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookthe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%

the HI—H1 distance be expected as the subminimum A2 predominates over Adnbheatios between
H1'-H6, HI-H2 and H1-H1 agree with the population maps predicted by molecular mechanics. Thus,
11, which has the higher weight for the local minimum A1, has the higher ratieHI/H1 —H2 (1.2), the
more populated subminimum A2 derivati{® has the lower one (0.9), whilE2 exhibits an intermediate
value (1.1). Other NOE peaks detected also correspond with this description; in this sénstl H5
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Fig. 9. Relaxed adiabatic energy map (left) calculated for compddndnd superimposition of the key NOEs predicted for
compoundL3 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookthe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%

Table 3

Experimental cross-relaxation rates,og and experimental and calculated distancesi® &t 25°C,
for 11, 12and13

<r’>

Proton Pair o s’ Exp. Calcd. Exp. Calcd.
H1’-H2’ 0.094

H1’-H6 0.100 237 225 234 2.4
HI1’-H1 0.081 246 4.06 2.42 2.6
HI’-H2’ 0.123

HI1’-H6 0.138 235 225 233 239
HI’-H1 0.111 244 397 241 2.52
HI1’-H2’ 0.090

H1’-H6 0.104 233 221 231 2.7
H1’-H1 0.095 237 3.19 235 232

and HB-H6 could be considered exclusive NOEs of the Al and A2 subminima, respectively. While
compoundlLl has a medium NOESY cross peak betweenh &t H4 but not with H6 which are close in
an A2 situation12 and13 show the contact HSH6 but not the H5-H4.

This distinct behaviour caused by the presence of the phosphate groupdhirhvnositol residue
should reflect a different pattern of interactions. Minimisation of the low energy rotamers obtained from
the energy maps converges exclusively on minima type Alfpand on type A2 fol 3, while 12yields
both types (Fig. 10). The Al-type minimised structures show an intra-residue network of hydrogen bonds
(4-HO-Ins to 6-0O-Glc; 5-HO-Ins to 6-0O-Glc; 5-HO-Ins to 5-O-Glc) which interestingly is not possible
in type A2 conformations. The electrostatic contribution for the interactions between the ammonium and
phosphate groups indicates a stabilisation in the A2 type structures for the phosphorylated derivatives
which is bigger in13than in12 (12 and 9 kJ mol!, respectively). Therefore, two opposite favourable
effects operate and their balance directs the conformation towards Al or A2 subminima. In the case of
11the hydrogen bond network is the only possible effect, causing the A1 conformer to predominate; the
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stronger electrostatic interaction allows derivathdto compensate for the loss of this network showing
an A2 conformation, but not fak2 which has an intermediate situation.

Fig. 10. Minimised structures for the glucosamimd—6 chiro-inositol motif, subminima A1l (top) for compound4 (left) and
12 (right) and subminima A2 (bottom) for compounti3(left) and12 (right)

2.4. The glucosaming 1-6chiro-inositol structural motif

The energy surfaces and global probability maps foftHuhiro-inositol derivatived4and15given in
Figs. 11 and 12 show a singdgn¥ minimum at® 56+5, ¥ 17. This prediction is in agreement with the
exoanomeric effect in 8 disposition. Two NOEs, H+H6 and H1-H1, describe this situation, while
an unpredicte@nti-¥ conformation would be detected by its key 'HH2 and H1-H4 short contacts.
Experimentally, only H1--H6 and H1-H1 interglycosidic contacts, the latter with smaller intensity,
are detected, and no peaks are found fof-HiR2 or HI-H4, even at large mixing times. Thus, the
experimental results are consistent with the predictions ldrahd15 are in asyn¥ disposition and do
not show any appreciable contribution fr@mti-¥. Experimentally significant distances can be estimated
for 15, and are in good agreement with those calculated by thewverage along a molecular dynamic
trajectory which describes the fluctuation along the minimum (Table 4). Unfortunately, data from the non-
phosphorylated compouri cannot be quantified due to a severe overlapping df @l HS peaks.
This compound also shows a spurious cross peak forH4 that arises from the H3H4' strongly
coupled system. In order to compare the experimental data fahirealpha compounds the HAH6,
H1'—H1 onog ratio was calculated suggesting a very close solution structure for both protii(Es3),
15(5.3).

The minimum energy structures were calculated over all the possible side group orientations (Fig. 13),
and a slight displacement on the torsional angle in the global minimd® 62°,¥ —17°; 15 62°,¥
—17°) was found. A hydrogen bond between the phosphate proton and the pyranose ring oxygen, O-5
Glu, is detected il5, which is shorter when th# angle is 62°. This inter-residue interaction can explain
the lower dispersion on th&torsional angle average found in the molecular dynamic trajectorie31(7
for 14 and—5=+23 for 15), the narrowesyn'¥ minimum for 15, as well as the values of thangle.
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Fig. 11. Relaxed adiabatic energy map (left) calculated for comp&dndnd superimposition of the key NOEs predicted for
compoundL4 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookthe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%
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Fig. 12. Relaxed adiabatic energy map (left) calculated for comp&6ndnd superimposition of the key NOEs predicted for
compoundL5 on the conformational probability distribution plot (right). The level contours are given every 5 k3 fookhe
energy, the interprotonic distances for 2.5 and 3 A and the probability at 10, 5 and 1%

3. Conclusion

The comparison of the solution structures of GPI-like compoukd$ allows some general confor-
mational characteristics to be deduced. Tharinositol derivative¥—10 exhibit a marked flexibility not
observed in theichiro-inositol counterparts, as the latter can be described as a siyngé®nformation.

The three-dimensional arrangement of the phosphate moiety with respect to the ammonium group is
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Table 4
Experimental cross-relaxation rates,og and experimental and calculated distancesi® &t 25°C,
for 14and15

<r’>

Proton Pair os! Exp. Calcd Exp. Calcd.
14 HI1’-H3’ + HI’-H5> 0.117

H1’-H4’ 0.060

HI1’-H6 0.156 2.30 2.30

H1’-H1 0.029 3.77 3.43
15 HI'-H2’ 0.023

H1’-H3’ 0.121

HI’-HS’ 0.134

H1’-H6 0.121 249 236 246 2.28

H1’-HI 0.023 3.29 3.87 3.24 347

Fig. 13. Minimum energy structures for compouridleft) and15 (right)

able to modulate the overall conformational preferences given by the glycosidic linkage stereochemistry.
In this sense, the observed changes ingye andanti-minima’s relative populations found & and

10 as compared witfr and9, where the populations of the phosphorylated compounds’ minima shift
depending on the anomer (towardsti in the case of thex-isomer and tesynfor the ), should be

noted. Similar effects are found in molecules containingethe-6 chiro-inositol motif. In this case the
geometry of the global minimum depends on the substituents on the cyclitol moiety, which influence the
relative orientations of the aminosugar and the inositol ring.

From the point of view of the study of the molecular basis of the IPG signalling mechanism, the studied
structures provide a wide range of different geometries. In this structural library the glucosamine—cyclitol
moiety could also be regarded as a scaffold where the stereochemistry of the linkage of the two rings leads
to a broad variety of ammonium—phosphate distributions providing an adequate ensemble for further
structure—activity relationship studies.

4. Experimental

Compounds7-15 were synthesised following the methodology described in the literatra.
detailed report of this synthesis will be published elsewhere.

4.1. NMR measurements

NMR experiments were recorded on a DRX-500 Bruker spectrometer at 25°C. DQF-COSY, TOCSY,
HSQC and HMQC experiments used for the full assignment were recorded using the stapdzet
field gradient enhanced pulse sequences versions when possible. NOESY experiments were recorded
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using mixing times from 100 to 600 ms. Selective 1D-NOESY and 1D-TOCSY experiments were recor-
ded using the DPFGSE (double pulsed field gradient spin echo) techgiGue to severe overlapping
IH-1H and3!P-*H coupling constants have been extracted from the dqf-COSY by deconvolution of the
2D antiphase peaks.

4.2. Molecular modelling and molecular dynamics

Gycosidic torsion angles are defined®dH-1-C-1-0-1-C-X an® C-1-0-1-C-X-H-X. All the
calculations were performed using AMBER*orce field parameterised for pyranose oligosaccharides.
Solvent effects were included using the GB/SA continuum model for watex&0.

Relaxed adiabatic map starting structures were constructed considering all three hydroxymethyl
rotamersgg, gt, tg, clockwise or anticlockwise orientation of the secondary hydroxyl groups, and when
necessary the possible combinations of the three possible staggered conformers for the phosphate group
were also considered. Then the rigid residue maps were generated for every initial by using a grid step of
20° and every point was optimised. All minimisations were run using up to 9999 Polak—Ribiere conjugate
gradient iterations until convergence criterion (rmsd derivatives lower than 0.001 kJ/A mol) was achieved.

Molecular dynamics simulation were run for 2.0 ns with an integration step of 1.5 fs, at a constant
temperature of 300 K with a thermal bath coupling constant of 2.5 ps, using SHAKE for hydrogen atoms
and saving structures each picosecond with GB/SA solvation model.

4.3. Probability calculations

From the relaxed energy maps, the probability distribution was calculated for ®&a€thpoint.
Assuming that the entropy difference among the different conformers is negligible, the prob@bility
of a given®/¥ point is?3 Pgy=2i[exp(-B/RT)]/>.; > arv[exp(-Eew/RT)]. This relationship can be used
in a simple way to transform energy maps into probability maps.

4.4, Distance calculations

The interproton average distances were estimated from the MD simulations, considering that the
interproton distance for every saved frame was calculated accorditrg?()k|=2(1/n)*r*6k|(¢\y), where
n represents the total number of frames.
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