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Phenyl S-galabiosides display altered conformational prop-
erties, as compared to phenyl O-galabiosides, characterised
by a remote effect on the galabiose intersaccharidic glycoside
bond by the phenyl aglycon, resulting in significantly
lowered affinity for the PapG class II adhesin of uropatho-
genic E. coli.

In an ongoing project aiming at the discovery of inhibitors of

PapG adhesins, proteins used by uropathogenic Escherichia

coli for adhesion to glycolipids of the globoseries present on
human uroepithelial cells*3 we have prepared panels of

galabiose derivatives, 48 which led to the discovery that the

rather simple p-methoxyphenyl galabioside 3 (Fig. 1) was an
inhibitor as potent as the natura tetrasaccharide ligand
globotetraose.8° Computational docking experiments with p-
methoxyphenyl galabioside 3 and the PapG adhesin suggested
favourable interactions between the p-methoxyphenyl moiety
and Trp107 and Argl70 side-chains of the adhesin.® This result

encouraged us to synthesise aryl S-gaabiosides, because

thioglycosides are hydrolytically stablel01l and because they
were readily prepared by straightforward nucleophilic substitu-
tion of per-O-acylated galabiosyl bromide with thiolate anions.
However, to our disappointment, phenyl S-galabiosides turned
out to be rather poor inhibitors of the class || PapG adhesin. 12t

Thissomewhat unexpected and discouraging result prompted us
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Fig. 1 Structures, H-5' (bold) chemical shifts, and K4 (against an E. coli
class Il PapG adhesin) of phenyl O- and S-galabiosides 1-6.
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to investigate in detail the conformations of phenyl S
gaabiosides and compare them to those of the corresponding
phenyl O-galabiosides.

A diagnostic signa for the overall conformation of galabiose
disaccharidesisadownfield shift of H5’ of about 0.5 ppm (~ 3.8
to ~4.3 ppm), which is a result of a van der Waals contact
between O3 and H5.6:13 However, this downfield shift was not
observed in phenyl Sgalabiosides 2, 4, and 6, indicating
different conformational behaviour as compared to the corre-
sponding O-galabiosides 1, 3, and 5 (Fig. 1). In addition to a
large upfield shift for H5 (~ 0.6 ppm), small upfield shiftswere
observed for H3' and H4’ (~0.2 ppm) of 2 as compared to 1
(Table 1).1

Monte Carlo simulations8§ were performed in order to search
for low energy conformations of 1 and 2. In al low energy
conformations found for 1, the phenyl aglycon adopts an
outstretched position away from the galabiose disaccharide
moiety (represented by conformer | in Fig. 2A). However, for
the corresponding phenyl S-galabioside 2, two groups of low
energy conformations could be identified. One group of
conformers resembled those found for the phenyl O-galabioside
1 (2 of 8 lowest energy conformations, represented by

Table 1 *H-NMRa ¢ for 1 and 2

Proton 1 2 Proton 1 2

H1 5.08 4.64 H1 4.92 4.85
H2 3.78 344 H2 3.77 3.73
H3 3.84 3.63 H3 3.87 3.63
H4 4.04 3.96 H4' 3.97 3.82
H5 ~3.80 3.68 HY 4.32 3.69
H6a ~3.80 3.73 H6a 3.65 354
Héb ~3.80 3.79 Héb’ 3.65 3.56

aMeasured at 500 MHz in D,O.
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Fig. 2 A—C show representative conformers from Monte Carlo simulations (2 kJ mol—1 contour interval). Arrowsindicate NOE. (A) Conformer | of phenyl
O-galabioside 1. (B) Conformer Il of phenyl S-galabioside 2. (C) Conformer Ill of phenyl S-galabioside 2. (D) Energy contour map (®y/Wy) of the
interglycosidic linkage of conformer | of phenyl O-galabioside 1. (E) Energy contour map (®n/‘P) of the interglycosidic linkage of conformer 11 of phenyl
S-gaabioside 2. (F) Energy contour map (®y/ W) of the interglycosidic linkage of conformer 111 of phenyl S-galabioside 2.
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conformer 1l in Fig. 2B), while the second and predominant
group of conformers had the phenyl aglycon folded back
towards the galabiose disaccharide moiety of 2 (6 of 8 lowest
energy conformations, represented by conformer 111 in Fig. 2C).
The folded conformer 111 is made possible by the longer C-S
bond as compared to C-O (1.8 A and 1.4 A for C-S and C-O,
respectively) and the smaller angle (101° and 118°, re-
spectively). Conformer |11 of 2 was somewhat favoured over
conformer 11, which could be explained by an interaction
between the phenyl ring and a hydrophobic patch made up by
H3’, H4’ and HY of the galabiose moiety.

Two-dimensional dihedral drive calculations of the galabiose
disaccharide bond{ provided energy potential maps for each of
the three conformers I-1l (Fig. 2D—F). For conformer | (O-
galabioside 1), an energy map (Fig. 2D) similar to that reported
for Gala1-4GapOTMSEt614 was found, displaying two en-
ergy minima (¢n/yy = —14/39 and —39/—3, respectively).
The strong deshielding of HY' requiresthat the H5—O3 distance
islessthan 3 A, arequirement met by the minimum at ¢n/yy =
—39/—3. In addition, the minimum at ¢/yy = —39/—3 was
closer to that observed for the galabiose disaccharide in the
crystal structure of globotetraose in complex with the class |1
adhesin.1s The dihedral drive calculations of conformer 11 (of S
gaabioside 2) provided an energy map (Fig. 2E) similar to that
found for conformer | of the O-galabioside 1. In contrast, the
minimum at ¢n/yy = —39/—3 was absent in the energy
contour map of the more populated| conformer 111 of the S
galabioside 2 (Fig. 2F). Thus, the upfield shifts of H3'and H4’
inthe S-galabioside 2 can be explained by afield effect from the
aromatic ring stacked towards the «-face of the Gala-residue in
conformer 111, while the large upfield shift for H5 can be
explained by the same field effect and the absence of the
minimum a ¢u/yy = —39/—3 in the more populated
conformer 111 of the S-.galabioside 2 (and thus a larger average
distance between H5 and O3). Furthermore, the calculations
were supported by NOE-difference spectra of compounds 1 and
2. lrradiation of the unresolved o- and p-hydrogens of the
phenyl O-galabioside 1 resulted in 2.9% NOE of H1, while
irradiation of the m-hydrogensdid not have any effect (Fig. 2A).
In contrast, irradiation of the unresolved m- and p-hydrogens of
the phenyl S-galabioside 2 resulted in 0.5% NOE of H3’ and H4’
(Fig. 2C), whileirradiation of the o-hydrogens resulted in 1.4%
NOE of H2 and 1.2% NOE of H1 (Fig. 2B and C). The NOE of
H1 could be explained by conformers | and Il of compounds 1
and 2, respectively, while the NOE of H2, H3’, and H4’ in the
Sgalabioside 2 can be explained by conformer 111. The data
indicate that for the S-galabioside 2, conformer 11 is at least as
populated as the bioactive conformer 1.

In conclusion, replacing an anomeric oxygen with asulfur in
phenyl galabiosides changes the position of the phenyl aglycon
in space, which leads to a remote distorting effect on the
interglycosidic bond. This results in dlightly lower affinity of
phenyl S-galabiosides for the PapG Il adhesin of uropathogenic
E. coli, because the dominating low energy conformations (e.g.
I11) of phenyl S-galabiosides presumably fit poorly into the
combining site of the adhesin, while the minimum (¢u/yn =
—39/—3) closest to the conformation in the crystal complex
with the adhesins is disfavoured. An additional factor affecting
the affinity of the PapG adhesin for the thioglycosides 2, 4, and
6 is that the suggested favourable interactions between the
phenyl aglycons of 1, 3, and 5 and Trp107 and Arg170 of the
adhesin® are obviously diminished in the conformationally
altered thioglycosides. The anomeric oxygen of the galabiose
disaccharide is not directly involved in interaction with the
adhesin, > which makes it less likely that interactions between
the sulfurs of the thioglycosides 2, 4, and 6 and the PapG
adhesin affect the affinity. Hence, replacing aglycosidic oxygen

with sulfur, in order to construct hydrolytically stable glycoside
mimics can lead to loss of biological activity due to atered
conformational properties (as compared to their parent O-
glycosides) not only of the thioglycoside bond itself, but also of
remote glycoside bonds elsewhere in the saccharide. Conse-
quently, replacing a glycosidic oxygen with a sulfur does not
per selead to the discovery of hydrolytically stable O-glycoside
mimics.**

This work was supported by grants from the Swedish
Research Council and from the programme ‘ Glycoconjugatesin
Biological Systems' sponsored by the Swedish Foundation for
Strategic Research.

Notes and references

T Loss of biological activity of S-glycosides as compared to the parent O-
glycosides has been reported for other systems; see ref. 6.

T These upfield shifts were not observed for the aliphatic 2-(trimethylsily-
l)ethyl S-galabioside when compared to the corresponding aiphatic O-
glycoside 2-(trimethylsilyl)ethyl galabioside; see ref. 15.

§ MMFF/water force field implemented in MacroModel. 6-OH and 6’-OH
were locked in a gauche-trans and trans-gauche conformation, re-
spectively, in order to avoid formation of intramolecular hydrogen bonds.
300 conformers were collected within 50 kJ mol—2.

1 Intersaccharidic glycoside bond angles ¢c (O5—-C1'-01-C4) and yc
(C1-01-C4-C3) were varied in 15° increments using the MM FF/water
force field implemented in MacroModel. 81 structures were obtained and
minimised. ¢c and yc were converted to ¢y (H1'-C1-01'—C4) and wy
(C1-01-C4—H4) by subtracting 120° from ¢c and adding 120° to yc

|| The bent low energy conformation |11 was 5.1 kmol —1 lower as compared
to the outstretched low energy conformation I1.

** Conformationally atered glycoside mimics are often recognised poorly,
because lectin specificities are commonly conferred by forming key
interactions with two or more monosaccharide moieties within an
oligosaccharide structure.16-18 The success of thioglycosides as glycosidase
inhibitors presumably relies on the fact that most of these enzymestypically
recognise and display specificities towards the non-reducing mono-
saccharide residue of the disaccharide bond to be cleaved.10.11

1 H. Leffler and C. Svanborg-Edén, FEMS Lett., 1980, 8, 127.

2 G. Kélenius, R. Mdéllby, S. B. Svensson, J. Winberg, A. Lundblad, S.
Svensson and B. Cedergren, FEMS Lett., 1980, 7, 297.

3 J. A. Roberts, B.-l. Marklund, D. llver, D. Haslam, M. B. Kaack, G.
Baskin, M. Louis, R. Mdllby, J. Winberg and S. Normark, Proc. Natl.
Acad. Sci. USA, 1994, 91, 11889.

4 J.Kihlberg, S. J. Hultgren, S. Normark and G. Magnusson, J. Am. Chem.
Soc., 1989, 111, 6364.

5 R. Striker, U. Nilsson, A. Stonecipher, G. Magnusson and S. J. Hultgren,
Mol. Microbiol., 1995, 16, 1021.

6 U. Nilsson, R. Johansson and G. Magnusson, Chem. Eur. J., 1996, 2,
295.

7 U. Nilsson, R. T. Striker, S. J. Hultgren and G. Magnusson, Bioorg.
Med. Chem., 1996, 4, 1809.

8 J. Ohlsson, J. Jass, B. E. Uhlin, J. Kihlberg and U. J. Nilsson,
ChemBioChem, 2002, 3, 772.

9 A. Larsson, J. Ohlsson, K. W. Dodson, S. J. Hultgren, U. J. Nilsson and
J. Kihlberg, submitted.

10 H. Driguez, Top. Curr. Chem., 1997, 187, 85.

11 H. Driguez, ChemBioChem, 2001, 2, 311.

12 J. Ohlsson, A. Larsson, J. Kihlberg and U. J. Nilsson, in preparation.

13 K. Bock, T. Frejd, J. Kihlberg and G. Magnusson, Carbohydr. Res.,
1988, 176, 253.

14 G. Gronberg, U. Nilsson, K. Bock and G. Magnusson, Carbohydr. Res.,
1994, 257, 35.

15 K. W. Dodson, J. S. Pinker, T. Rose, G. Magnusson, S. J. Hultgren and
G. Waksman, Cell, 2001, 105, 733.

16 F. Quiocho, Pure Appl. Chem., 1989, 61, 1293.

17 D. R. Bundle and N. M. Young, Curr. Opin. Struct. Biol., 1992, 2,
666.

18 D. R. Bundle, in Glycosciences: Satus and Perspectives, ed. H.-J.
Gabiusand S. Gabius, Chapman & Hall, Weinheim, Germany, 1997, p.
311.

CHEM. COMMUN., 2003, 384-385

385




