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Abstract: The conformations of the crotyl derivatives of the T (B-D-Gal(l+3)-Crotyla-D-GalNAc) 
and TN (Crotyla-D-GalNAc) haptens as well as of MeB-D-Gal were investigated in 40, DMSO-d6 
and 85% H,O: 15% acetone-d, using 1 H and W NMR spectroscopy and molecular modeling. 
The two sugar moieties are in a 4C, conformation and they adopt a quasi-parallel orientation in 
the T hapten, with hydrogens Hl‘ and H3 being in close proximity. The hydroxymethyl chains 
adopt a gt conformation, the NH and H2 are antiperiplanar whereas the crotyl chain displays 
significant segmental mobility. Vicinal coupling constants of hydroxyl protons and saturation 
transfer rates in aqueous media indicate that the hydroxyf groups are relatively mobile except for 
OH2’ which probably forms a weak hydrogen bond with the amide nitrogen. An energy-minimized 
molecular model consistent with all the NMR data could be constructed and areas favorable to 
hydrophilic interactions could be determined. Except for the rotamer distribution of the 
hydroxymethyl group, the conformations are very similar in all three solvents. 

INTRODUCTION 

The T and TN antigenic determinants are carbohydrate structures existing on the N-terminal 

part of glycophorin A, a major transmembrane glycoprotein found in human erythrocytes and 

responsible for MN blood group specificity (1). These haptens have also been found on the 

surface of human carcinoma cells (2-4) and are known as stage-specific differentiation antigens in 

human fetuses (5). The chemical structure of the T hapten consists of a disaccharide 
corresponding to &D-Gal(l+3)-Sera-D-GalNAc or BD-Gal(l+3)-Thra-D-GalNAc (6) whereas the 

TN hapten is a monosaccharide corresponding to Sera-D-GalNAc or Thra-D-GalNAc (7). 
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The first synthesis of the disaccharide 8-PGal(l+3)-a-D-GalNAc was carried out by Flowers and 

Shapiro in 1965 (8) and was followed by several syntheses of fl-D-Gal(l+3)-Sera-D-GalNAc and P-D- 

Gal(l+3)-Thra-D-GalNAc (Q-11) and of Sera-GalNAc and Thra-GalNAc (12,13). Polyglycosylated N- 

terminal oligopeptides of glycophorin A (14-W) artificial T and T,,, antigenic determinants as well as 

haptens with linkers (17-20) have been recently synthesized. The syntheses of the crotyl derivatives 

of the T and TN haptens 1 and 2 have also been performed independently in our laboratory (21). 

HO HO 

OH 
3 

Conformational studies using NMR spectroscopy (22) and theoretical calculations have already 

been reported for saccharide and glycopeptide structures related to the T and TN haptens (23-28). 

Among the structures related to the T hapten, studies of the @DGal(l+3)-Bna-D-GalNAc disaccharide 

as a constituting unit of antifreeze glycoproteins from polar fish (2527) of the fi-D-Gal(l+3)-Bna-D- 

GalNAc disaccharide linked to a pentapeptide existing in glycophorin Au and & (23,28), of the B-D- 

Gal(l+3)-Mea-D-GalNAc disaccharide (28) and of the P-D-Gal(l+3)-Pr@-PGalNAc @- instead of a-D- 

GalNAc in 1) free and linked to the pentasaccharide portion of gangliosides G, and G,, (29) have 

been reported. Investigated structures related to the T,., hapten include the 3-OMe-Mea-D-GalNAc (25) 

the a-D-GalNAc monosaccharide linked to a pentapeptide existing in glycophorin A,,, and A,, (23,28) 

and the Mea-D-GalNAc (28). Besides providing partial or full ‘H and 13C chemical shift assignments, 

these studies have shown consistent 4C, sugar ring conformations and proximity of the Hl’ and H3 

protons. NMR and molecular modeling studies of glycopentapeptides have demonstrated that diierent 

glycosidic structures could be obtained depending on the point of attachment to the peptide chain 

(23,28). Although the general features of the saccharide units have been defined, no molecular 

modeling and no information on the hydroxyl groups have been repotted for the isolated mono- and 
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In view of the importance of the T and T,, antigens as tumor markers @Cl) and their possible 

role in the recognition of specific antibodies and related biologically important proteins at the molecular 

level, we undertook a detailed study of the conformation of model QlyCOSideS 1 end 2 by NMA 

spectroscopy and molecular modeling. The conformations of the synthetic 8-DGal(l+3)-Crotyla-D- 

GalNAc 1 and Crotyla-D-GalNAc 2 , models of the naturally occurring T and T,,, haptens respectively, 

as well as that of the Meg-D-Gal 3 were investigated in three diierent solvents (DMSO-$, D,O and 

85% H,O: 15% acetone-dd using ‘H and 13C NMR spectroscopy, energy minimization and calculation 

of energetically favorable binding sites. Chemical shiis, coupling constants, n.0.e. measurements and 

temperature dependences of the chemical shiis of the exchangeable protons were used to determine 

the conformations of the sugar rings, the configuration of the QlywSidiC linkages, the relative 

orientations of the hydroxyl groups and their exposure to the solvent. Energy minimized structures 

consistent with all NMR data could be calculated by molecular modeling. 

RESULTS AND DISCUSSION 

The wnformational structure of 1 (l hapten model) as well as those of compounds 2 (T, 

hapten model) and 3, which represent the left and right hand sugar portions of 1, respectively, have 

been determined by NMR spectroscopy, analyzing their different constituting groups: the Qlywsidic 

linkages, the hydroxymethyl, N-acetyl, E-crotyl and hydroxyl groups. Subsequently, molecular 

modeling was used to derive optimized structures. 

I. JVMR results 

Hexose conformation 

The ‘H and 13C chemical shifts and wupling constants of 1 and 2 measured in three diierent 

solvents, D,O, DMSO-d, and 85% H,O: 15% acetone-d,, are given in Tables I, II and Ill. The wmpa- 

rison of these NMR data with literature values of related compounds studied in D,O (13,25-28,31,32) 

shows an excellent agreement and indicates that all hexose units adopt a ‘C, conformation. The 

practically unchanged coupling constants and the consistent upfield shii in DMSO-d, and 85% H,O: 

15% acetone-d, suggests that the same sugar ring conformation is present in the three solvents. 

f3 (1’3) Glyccsidic linkage 

The conformation of the A(l-+3) QlyWSidlC linkage of 1 was analyzed on the basis of n.0.e. and 

3JcH values (Tables IV and v). When Hl’ was trradlated, a relatively strong n.0.e. effect was observed 

for H3, but very little and no enhancements were observed for H2 and H4, respwdvefy (fable Iv). The 

intensity of the observed n.0.e. of H3 was larger than the average n.0.e. value of H3’ and H5’, whose 

signals are overlapping in D,O, suggesting that the Hi’-H3 distance is smaller than the Hl’-H3’ or the 
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Table I. ‘H NMR Chemical Shii of 1 and 2 in Dierent Solvents 

Residue Proton Chemical shii (ppm) 

D*O DMSO-d, H,O-acetone-$’ 

1 2 1 2 1 2 

GalNAc HI 4.946 4.942 
H2 4.336 4.145 
H3 4.633 3.889 
H4 4.252 3.98b 
H5 4.019 3Bb 
H6aC 3.775 3.762 
H6bC 3.757 3.746 

Gal Hl’ 4.478 
H2 3.535 
H3’ 3.638 
H4’ 3.924 
H5’ 3.674 
H6a’C 3.780 
H6bC 3.751 

Crotyl H7a 4.162 4.139 4.016 4.699 4.009 4.010 
H7b 3.984 3.957 3.802 3.815 3.620 3.966 
H6 5.645 5.615 5.543 5.521 5.478 5.471 
H9 5.666 5.837 5.745 5.607 5.704 5.683 
HlO 1.726 1.796 1.656 1.661 1.576 1.564 

Acetyl CH, 
NH 

2.040 2.041 

4.696 4.654 4.792 4.746 
4.105 4.031 4.191 4.020 
3.739 3.592 3.879 3.745 
3.914 3.713 4.108 3.643 
3.595 3.5Scl 3.853 3.800 
3.45b 3.461 3.641 3.629 
3.5fIb 3.599 3.612 3.608 

4.346 4.336 
3.310 3.392 
3.231 3.467 
3.601 3.772 
3.349 3.521 
3.45b 3.620 
3.50b 3.592 

1.799 
7.680 

1.826 1.889 
7.915 

1.927 
7.830 

All data were recorded at 21°C. ’ The solvent composition was 85% H,O or D,O: 15% acetone-d, 
b Exact values were not obtained due to overlap of the signals. ‘The assignment of H6proR and 
HGproS is described in the discussion. 

Hl ‘-H5’ distance. This can be explained by the facts that the C-O bond length is smaller than the C-C 

bond length and that geometric parameters are different. Similarly strong n.0.e. effects between Hl’ 

and H3 have been reported for j3-D-Gal(l+3)-Bna-D-GalNAc (25), a-PGal(lA)-Prfl-D-GaiNAc (29) and 

the antifreeze glycoprotein in D,O (25). These data indicate that the largely dominant conformation 

around the glycosidic linkage is one in which H3 and Hl’ are in dose proximity, and in which the N- 

acetyl group of a-D-GalNAc and the hydroxymethyl group of B-D-Gal are on opposite sides of the 

molecule in aqueous and DMSO solutions (see Molecular modeling section). 
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Table II. ‘H NMR Coupling Constants of 1 and 2 in Different Solvents 

Residue Protons Coupling constants (Hz) 

W DMSO-d, 

1 2 1 2 1 2 

GalNac Hl,H2 3.8 
H2,H3 11.1 
H3,H4 3.2 
H4,H5 0.7 
H5,H6a 7.7 
H5,H6b 4.8 

H6a,H6b 11.8 
Hi,H4 0.5 

Gal Hl’,H2’ 7.9 7.3 7.7 
H2’,H3’ 10.0 9.5 10.0 
H3’,H4’ 3.5 3.2 3.3 
H4’,H5’ 0.9 1 0.8 
H5’, H6a’ 7.8 5-7 5.4 
H5’,H6b’ 4.3 5-7 7.0 

H6a’,H6b’ 11.9 lib 11 

Crotyl H7a,H7b 
H7a,H8 
H7b,H8 

H8,H9 
H9,HlO 

H7a,H9 
H7b,H9 
H7a,HlO 
H7b,HlO 

H8,HlO 
H2,NH 

12.0 12.0 12.4 12.5 12.0 13 
6.0 6.0 5.5 5.8 5.9 5.7 
7.2 7.2 6.4 6.5 7.1 7.4 

15.4 15.4 15.3 15.3 15.3 15.3 
6.5 6.5 6.3 6.3 6.5 6.5 

l-l.5 

3.8 3.5 
11.1 11.2 
3.3 3.2 
0.9 1 

8 5-p 
4.3 5-7b 

11.7 lib 

8.2 9.4 9 

3.6 
11.1 
3.3 
lb 
6.5 
6.0 

10.9 
0.5 

3.8 3.7 
11.1 11 
3.0 3.2 
lb lb 

6.0 6.3 
6.3 6.3 
11 12 

All data were recorded at 21°C. 
b Exact values were not obtained 

’ The solvent composition was 85% H,O or D,O: 15% acetone-d, 
due to overlap of the signals. 

13C-‘H coupling constants were measured using the selective CH J-resolved method (32) and 

used to calculate the glycosidic dihedral angles q~’ and $’ using Tvaroska’s equation and assuming 

the presence of a single conformer (33). Dihedral angles 9’ ranged between +23” and +29” in the 

three solvents and $’ values were -16” and -2o”, respectively, in D,O and DMSO-d, (Table V). Negative 

and positive signs for the +’ and $’ angles were determined by considering the exo-anomeric effect 
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Table Ill. 13C NMR Chemical Shifts and NT, Values of 1 and 2 

Residue Carbon Chemical shifts @pm) NT, (s)’ 

40 

1 2 

DMSO-d, DzO-acetone-d,, 

1 2 1 2 

w 
1 

GalNAc 96.92 96.73 
49.48 50.78 

C3 78.18 68.58 
C4 69.60 69.34 
C5 71.46 71.79 
C6 82.04 62.07 

96.48 96.33 96.46 96.23 0.28 
48.61 49.83 49.01 50.35 0.28 
75.88 67.55 77.67 68.19 0.31 
87.49 68.24 69.oP 68.91 0.31 
71.40 71.38 70.93 71.2 0.31” 
80.74d 80.75 61.52’ 61.56 0.48 

Gal Cl’ 105.57 103.89 104.83 0.32 
z: 71.48 73.37 73.42 70.84 73.09 71.15 0.31 0.31= 

C4’ 69.44 88.2 69.05b 0.31 
C5’ 75.83 75.45 75.31 0.31 
C6’ 61.8 60.65’ 61.36’ 0.48 

Crotyl c7 69.23 69.31 67.19 66.98 68.59 68.61 0.82 
C8 128.78 126.70 127.58 127.68 126.35 126.27 1.17 
c9 132.65 132.71 128.70 128.31 131.74 131.78 1.10 
Cl0 17.97 17.95 17.65 17.67 17.36 17.44 7.35 

Acetyl CH, 22.86 22.78 22.85 22.80 22.43 22.33 3.9 
c=o 175.39 175.40 169.93 169.87 174.57 174.58 

All data were obtained at 75.4 MHz and 21%. %easured by inversion-recovery method. 
‘, d,r Interchangeable values. ‘Average value due to overlap of the signals. 

(34) and the results of molecular modeling. The other solution of Tvaro&a’s equation giving angles 

of the order of f 140-150" could be eliminated considering steric hindrance and the n.0.e. results. 

Hydroxymethyl groups 

The assignment of prochiral protons HBR(HGproR) and H6S(H6proS) of indtvidual hexose units 

in 1 and 2 in D,O was based on the data of Ohrui et al. (26) who established the assignment using 

stereospecifically deuterated sugars. In DMSO_cb, the H6 signals at lower and higher field were 

tentatively assigned to H6pro.S and H6proR, respectively. This is based on a report that H6S of Mea-D- 

Gal and Mefl-D-Gal resonates at tower field than H6R in DMSOd,, unlike in D?O solution (35). 
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Table IV. ‘H-‘H n.0.e. Data and Calculated Interproton Distances for 1 in D,O 

Irradiated 
proton(s) 

Affected 
proton(s) 

n.0.e 
value (%) 

Calculated 
distance (A)" 

HI H2 36 2.37 
H7a 14 2.78 
H7b 4 3.42 
H8 4 3.42 
H9 4 3.42 

H3,H5,H7b 

H4 

Hl’ 

H8 2 
H9 3 
HlO Cl 
Hl’ 9 

H3,H5 28 
H6a,H6b 6 
Hl’ Cl 

H3 18 
H4 <l 
H2’ 6 
H3’,H5’ 26 

H2’,H3’(partly) H2 <l 
H4 cl 
Hl’ 5 
H4’ 3 

2.77b 

2.66 

3.19 
2.81 b 

a Interproton distances were calculated from the relative n.0.e. using the reference value of 2.37 A 
measured between Hl and H2 in a 4C, conformation. b Calculated assuming equidistant protons. 

The rotamer distributions of C5-C6 and W-C6 single bonds were calculated by using three 

Karplus-type equations based on 3Js,sR, 3Js,ss, 3J5a,W and 3Js,W coupling constant values (Table VI). 

The most favorable rotamer of the hydroxymethyl groups in 1 and 2 was @ (dihedral angle 05-C5-C6- 

C4 ca. 180”) (50-70%) in D,O, the distribution of the minor rotamers gg and tg being 15-25%. A predo- 

minance of the @ conformer was also reported in D,O for Mea-D-GalNAc, Me@-D-GalNAc and /3-D- 

Gal(l-3)-Mea-D-GalNAc (24) and in the solid state for 3 on the basis of neutron diiaction measure- 

ments (36). In D,O, however, the conformation of 3 was predominantly gg (35). In DMSO-d,, our data 

show no conformational preference, the ratio of gg:@:fg being ca. 20:40:40 for 2 (Table VI). Little dif- 

ference in this ratio is calculated if the assignment of H6R and H6S is reversed (ca. 20:35:45). A simi- 

lar rotamer distribution has been reported for 3 in DMSOd, (35). The rotamer distribution of CWX 
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Table V. 13C-‘H Coupling Constante and Calculated Torsion Angles of 1 

Solvent 3Jc,., Coupling constant (Hz) Torsion angles fl 

D,O 

DMSO-$ 

H,O:acetone-d, 

J 1',3 = 5.2 
J 3,l' = 4.6 
J 7,l = 4.0 

J 1',3 1 5.; 
J 3,l' * 

J 3,l' = 4.3 

Calculated 
from 3JcH’ 

$’ = -16 
f$’ = +26 
$I = -33 

$'=_x) 

qY = +23 

9’ = +2S 

Molecular 
model 

-17.5 
+ 27.6 
-40.6 

All coupling constants were measured using 13C J-resolved spectroscopy at 26°C (D,O), 30°C (DMSO- 
ds) and 21°C p5% H,O: 15% acetone-d& YNculated as single conformer using Tva&ka’s equation 
3J,, = 5.7~0s 6 - 0.6~0~6 + 0.5 (33). The signs of the angles are given on the basis of the confor- 
mations calculated by molecular modeling. 

and C5’-C6’ of 1 in DMSO-d, was estimated to be similar to that of 2 and 3 although the coupling 

constants and the chemical shifts of these prochiral protons could not be obtained precisely because 

of peak overlapping and broadening. The nature of the solvent seems therefore to affect the rotamer 

distribution of the hydroxymethyl groups in these molecules. 

Table VI. Rotamer Distributions of the C5-C6 and W-C6 Bonds 

Rotamer distributions (%)’ 

Solvent 

D*O 

Com- 
pound 

1 

2 

3J 5,BR 3J 
3J 3J 

5,6S Equation A Equation 6 Equation C 

5’,6R’ 5',6S' 

(Hz) (Hz) 99 St rg 99 9t rg 99 9t &I 

7.7 4.6 22 51 27 17 60 23 16 56 25 
7.6 4.3 22 54 22 16 67 17 19 62 19 
a.2 4.3 21 56 21 16 66 16 14 66 20 

DMSO-d, 2 6.5 6.0 26 33 41 20 41 39 20 42 36 
2b 6.0 6.5 26 26 46 21 33 46 22 34 44 

aAll data were recorded at 21°C. Rotamer distributions were calculated using equation A (36) I3 (39) 
or C (35). bCalculated using a reversed assignment of H6Fi and H6S. 
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a-Giycosidic linkage, E-crotyl and N-aceiyl groups 

There is no evidence of significant conformational diierenoe between the N-aoetyl groups in 

1 and 2. Relatively large coupling constant values between H2 and NH (8.2-9.5 Hz) in 1 and 2 are 

indicative of an antiperiplanar relationship between the two protons (Table VII). The ‘H chemical shii 

of NH and the 13C chemical shii of the carbonyl are very similar for these two glycosides (Tables I-III). 

Table VII. ‘H NMR Chemical Shiis and Coupling Constants of the Hydroxyl and Amide Protons 
of 1, 2 and 3 

Residue Proton Chemical shifts (ppm) 

DMSOd,, 21°C H,O-acetone-d,, -12°C 

1 2 3 1 2 3 

GalNAc NH 7.564 7.618 8.236 8.235 
OH3 4.398 5.878 
OH4 4.296 4.526 5.843 5.942 
OH6 4.587 4.568 5.928 5.947 

Gal OH2’ 4.296 4.892 6.069 6.428 
OH3’ 4.753 4.693 5.982 6.016 
OH4’ 4.368 4.337 5.811 5.795 
OH6’ 4.577 4.561 6.070 6.021 

Residue Protons Coupling constants (Hz) 

DMSO-d,, 21°C H,O-acetone-d,, -12°C 

1 2 3 1 2 3 

GalNAc NH,H2 
OH3,H3 
OH4,H4 
OH4,H5 
OH6,H6a 
OH6,H6b 

Gal OH2’,H2’ 3.5 4.6 
OH3’,H3’ 5.5 5.4 
OH4’,H4’ 4.4 4.6 
OH4’,H5’ 0.6’ 0.6 
OH6’,H6a’ 5.6 5.2 
OH6’,H6b’ 5.6 6.1 

8.2 8.4 
7.0 

4.4 4.5 
0.9 0.6 
5.6 5.2 
5.6 6.1 

9.5 9.1 
6.0 

3.6 4.5 

5.0 b 

5.0 b 

4.0 
5.0 

t.5 

5.0 5.0 

b 

b 

a Values measured at 40°C. b Not measurable due to overlap of signals. 
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Saturation of HI gave rise to n.0.e. effects on H7a, H7b, H8 and H9 (Table IV) in the Gcrotyl 

group. The n.0.e. effects between Hl and H7a or H7b are smaller than those observed between Hl’ 

and H3 and suggest that they are not in the same proximity probably as a result of greater chain 

mobility. This is consistent with the 13C NT, values showing evidence of considerable segmental 

mobilii in the f-crotyl chain (Table III). The conformation of the corresponding a-glycosldic linkage 

is dependent on the nature of the group attached and has been shown to differ for glycosides 

attached to the same residues in different positions of a peptide chain (23). 

Hydroxyl and amide groups 

The ‘H NMR signals of all hydroxyl and amide protons of 1,2 and 3 were observable in DMSO- 

d, at 21°C and in 85% H,O: 15% acetone-d, at -12°C using solvent suppression (Table VII and Fig. 

1). One- and two-dimensional NMR spectra were acquired using the 1-5.4-5.4-1 jumpreturn sequence 

for solvent suppression (Figs. 1 and 2). The chemical shiis for these groups are very similar between 

1 and 2 and between 1 and 3, except for OH2 and to a lesser extent OH4 (Table VII). Solvent effects 

on all chemical shiis are very large (0.8-1.5 ppm) as can be expected for such peripheral polar 

groups. 

HO 

, I 

6.4 6.0 5.6 OH 

PPm 
Fig. 1. Hydroxyl region of the ‘H NMR spectra of (a) 2, (b) 1 and (c) 3 in 85% H,O: 15% acetone-d, 
at 400 MHz. Spectra were acquired at -12°C using a l-2r-5.4-r-5.4-r-l-ACQ pulse sequence for Water 
suppression. 
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Except in cases where signal overlap prevented their measurement, vicinal coupling constants 

could be determined for all OH groups (Table VII; Fig. 3). Long range coupling constants between 

OH4 and H5 and between 0H4’ and H5’ could also be measured. Most vicinal CH-OH coupling 

constants (3J,,o,,) values are in the range 5-8 Hz (Table VII). To our knowledge, no Karplus 

relationship has been developed for such hydroxyl systems. However, when comparing to other 

Karplus relationships, these medium-range values appear to be consistent with motional averaging, 

as would be expected of such peripheral groups. Lower values measured for OH4-H4,OH2’-H2’ and 

OH4’-H4’ could be indicative of involvement in hydrogen bonding. Small differences in coupling 

constants could be observed between the two solvents suggesting small structural variations between 

the two conditions. 

4.4 4.0 3.6 
PPm 

H4/OH4 

Fig. 2. Hydroxyl-CH region of the COSY spectrum of 1 in 85% H,O: 15% acetone-d, acquired at 400 
MHz using solvent suppression at a temperature of -12°C. 

The temperature dependence of the chemical shii of all hydroxyl and amide protons of 1 were 

determined in DMSO-d, (Table VIII). Except for OH2’, all values are smaller than -5 x lo* ppm/“C and 

are not indicative of any involvement in intramolecular interactions such as hydrogen bonding. The 

value of -4.0 x lOa ppm/“C measured for OH2’ suggests that this group is less exposed to the solvent 

as a result of hydrogen bonding (although not very strong). This conclusion is consistent with the sa- 

turation transfer experiments which show that the least affected proton following H,O saturation is 

OH2’ (Fig. 3). In contrast, the most affected protons are OH3’, OH8 and OHS’ whose signals 

practically disappear following saturation. These protons seem to be the most exposed to the solvent. 
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Table VIII. Temperature Dependence of the Chemical Shifts of the Hydroxyl and Amide Protons in 
DMSO-dsa 

Residue Protons AS/AT (x lOa ppm/“C) 

1 2 3 

GalNAc NH -6.2 -7.0 
OH3 -6.3 
OH4 -6.6 -5.6 
OH6 -5.7 -5.4 

Gal OH2’ -4.0 -7.3 
OH3’ -7.1 -7.2 
OH4’ -5.7 -6.0 
0H6’ -5.2 -5.4 

‘Values measured between 20 and 60°C. 

a 

b 

I I I 

6.0 5.6 

PPm 

Fig. 3. Hydroxyl region of the ‘H NMR spectrum of 1 in 85% H,O: 15% acetone-d, acquired at 400 
MHz and at -12°C (a) without presaturation and (b) after 3.0 s presaturation of the water signal. 

II. Molecular modelinq 

The molecular structure of 1 in water generated by molecular modeling using the NMRderived 

torsion angle (Table V) and interproton distance (Table IV) constraints is illustrated in Fig. 4. In the 

energy minimized conformation, the relative orientation of the two sugar rings and the orientations of 

the N-acetyl and E-crotyl side chains are fixed by the NMR constraints. The hydroxymethyl groups, 

which were not submitted to any constraint, are both in a gt rotamer conformation, in agreement with 
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C 

Fig. 4. Stereo views of the energy minimized structures 1 and 2 and their hydrophilic interactions (a) 
1 with water, (b) 2 with water, (c) 1 with L-serine and (d) 2 with L-serine. The cutoff energies were 
(a) -7.5, (b) -7.5, (c)-20 and (d) -20 kcal/mol, respectively. 
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the calculation of the rotamer populations on the basis of coupling constants (Table Vi). A weak 

hydrogen bond can be formed between the hydrogen of OH2’ and the N-acetyi nitrogen, which are 

separated by 2.8 A. This is consistent wfth the temperature dependence of the chemical shifts given 

in Table VIII. 

Recently, the conformation of the N-terminal pentapeptide of gfycophorin A,,, and A,., bearing 

three T epitopes was reported based on molecular mechanics calcuiatlons and NMR data (23). The 

proposed conformations around the ~(1-+3)-D-Gal-cl-D-GalNAc linkage in all but one of the 

disaccharide units were different from that found by our studies of 1 in solution. A different network 

of hydrogen bonding involving the peptide moiety was proposed. These date seem to suggest that 

the attachment of the haptens to the peptide chain may modify the conformation of the disaccharide 

relative to lts conformation in solution. 

We have performed a molecular Interaction calculation for water end L-serine with the haptens 

1 and 2 using the GRID program (40). The strongest interactions between water and 1 were located 

around the 8(1+3) glycosidic linkage and above OH3’ and OH4’ (Fig. 4a). The interaction of water 

with 2 is much weaker at the same cutoff energy and occurs mostly around the N-acetyi amide (Fig. 

4b). The interaction of L-serine with 1 occurs also around the glycosidic bond but it is stronger (lower 

cutoff energy) than with water and more evenly distributed above the P-D-Gal sugar ring (Fig. 4~). 

The interaction of 2 with L-serine occurs predominantly with the upper surface of the molecule (Fig. 

4d). Similar patterns of interaction were observed with other hydrophilic molecules (HCOOH, NH,, 

CH,OH). These data show that polar media interact much more strongly with the disaccharide 1 than 

with the monosaccharide 2, the main Interaction occurring around the gtywsidic linkage. 

CONCLUSION 

Using NMR data and molecular modeling, a detailed chemical structure consistent with all the 

experimental data could be determined for the T hapten model 1 in aqueous medium. Both sugar 

rings adopt a parallel ‘C, conformation, the E-crotyi and N-acetyi side chains are extended, the 

hydroxymethyl adopts a gt rotamer conformation and a hydrogen bond is formed between the OH2 

and NH groups. Using the GRID program, we find that the hydrophilic interactions are maximal 

around the ~(1-3) glywsidic linkage. For the T, hapten model 2, weaker hydrophilic interactions are 

observed with the lower or upper surfaces of the molecule. In other solvents and in constituting 

monosaccharides 2 and 3, NMR data indicate that the same conformation exists, except for the 

hydroxymethyl rotamer distribution which becomes predominantly dg in DMSO. 
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EXPERIMENTAL 

The synthesis of the crotyl derivatives of the T hapten 1,8-D-Gal(l+Crotylo-D-GalNAc (mp 

228-230°C; [aIDs + 114.4” (c 0.59, MeOH)) and of the TN hapten 2, Crotyla-D-GalNAc (mp 193-194°C; 

[alo= + 206.6” (c 1.02, MeOH)) will be described elsewhere. Deuterated solvents D,O, acetone-d, and 

DMSO-d, were purchased from Merck, Sharp & Dohme isotopes (Pointe-Claire, Canada). ‘H and 13C 

NMR spectra were recorded at 299.95 and 75.43 MHz, respectively, on a Varian VXR-300 

spectrometer or at 400.13 and 100.13 MHz, respectively on a Bruker WH-400 spectrometer at the 

Laboratoire R6gional de RMN B Haut Champ, Universits de Mont&al. Spin-lattice relaxation time 

measurements were performed using the inversion-recovery technique. ‘H-13C coupling constants 

were determined from CH J-resolved spectroscopy. Two-dimensional COSY and NOESY spectra were 

acquired in the absolute value mode using 1024 x 512 data points. Saturation transfer experiments 

were performed by the method of For& and Hoffman (37’) using a 3.0 s presaturation pulse at the 

water frequency. Solvent suppression was accomplished using the l-2r-5.4-r-5.4-27-1 pulse 

sequence. 

Molecular modeling was performed using the lnsightll and Discover softwares from Biisym 

Technologies Inc. operating on a Silicon Graphics Iris Indigo XS computer workstation. Distance and 

torsion angle constraints derived from NMR (Tables IV and V, except Hl-H8 and Hl-H9 distances due 

to their imprecision) were utilized in the energy minimization process with a force constant of 100 

kcal.mol-‘.k*. The Biosym CVFF force field and the conjugate gradient energy minimization algorithm 

were used. The structure was then refined in the water solvent environment. Analysis of the hydrophilic 

interactions between different media (water, L-serine, HCOOH, NH, CH,OH) and molecules 1 and 2 

was performed using the GRID program (Molecular Discovery Ltd.). 
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