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There is biochemical evidence that glycosylation influences
peptide and protein structure, plays a role in glycoprotein folding,
and increases thestability of some proteins.! It has beensuggested
that these effects are due to a direct interaction of the attached
sugars with the peptide (e.g., a hydrogen bond). Glycosylated
di- and tripeptides have been used as model systems to look for
interactions between attached sugarsand the peptide.2 The results
have been inconclusive. We have been studying larger glyco-
sylated peptides to determine how glycosylation affects peptide
structure, Our focus is the conformation of the peptide backbone
rather than interactions between the sugars and the peptide. Below
we present results showing that glycosylation with a single
monosaccharide has a profound effect on the backbone confor-
mation of a linear hexapeptide in DMSO, a solvent that, like
water, does not promote intramolecular hydrogen-bond forma-
tion.? Glycosylation limits the conformational space available to
this peptide and appears to favor conformations in which the
backbone bends away from the sugar.* The implications of this
result are discussed.

The hexapeptide sequence we are studying is Phe-Phe-p-Trp-
Lys-Thr-Phe. The sequence contains a threonine, which is a
potential glycosylation site. Veber and Hirschmann® designed a
constrained (cyclic) analogue of this hexapeptide and showed
that it adopts a type II’ 8-turn around Phe-p-Trp-Lys-Thr. To
assess the effects of glycosylation on peptide conformation, we
have compared the average backbone conformation of a monogly-
cosylated linear hexapeptide of this sequence with the linear
nonglycosylated hexapeptide and with the constrained peptide.¢

Hexapeptides 1 and 2 were synthesized on Rapp TentaGel
resin by solid-phase methods (Scheme I).” Cyclic peptide 3 was
synthesized as described.® ROESY experiments were carried
out on all three hexapeptides in DMSO at 30 °C,° Since small
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are separated on silica gel; (d) 5% rhodium on alumina powder, H,, ethyl
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Fmoc-Lys-OPfp, HOBt, CH;Cl,/DMF (1:1) (2) 55% piperidine/ DMF;
(k) identical coupling and deprotection conditions for Fmoc-p-Trp-OPfp,
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Figure 1. (Top) NOE:s indicative of secondary structure in the 8-turn.
(Bottom) Relative intensities of the amide~amide ROESY crosspeaks
for peptides 1, 2, and 3.
linear peptides are flexible, the NMR data represent an ensemble
average conformation rather than a single conformation, Nev-
ertheless, relative comparisons between ROESY crosspeak
intensities (NOEs) provide insight into the ensemble average
structure,'® For flexible peptides, which may not show longer
range NOEs, sequential amide~amide NOEs provide useful
information about backbone conformation.!! Histograms of the
relative intensities of the amide~amide ROESY crosspeaks for
peptides 1, 2, and 3 are shown in Figure 1,

For the nonglycosylated hexapeptide 1, the sequential amide-
amide ROESY crosspeaks for Phe-p-Trp-Lys-Thr are approx-
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imately equal in intensity, Each dipeptide unit is thus able to
adopt one or more conformations during the mixing period in
which the amide protonsare close enough to give rise toa ROESY
crosspeak. All the amide-amide crosspeaks are of similar
intensity, indicating that peptide 1 is very flexible (barring the
highly unlikely alternative explanation that this short linear
peptide is helical in DMSO), In contrast, the sequential amide~
amide crosspeak intensities for glycosylated peptide 2 have
different intensities. The Lys-Thr ROESY crosspeak is partic-
ularly large, and the D-Trp-Lys crosspeak cannot be detected.
Thus, glycosylation with a single monosaccharide changes the
average backbone conformation of a linear peptide dramatically,
excluding conformations in which the amide protons of p-Trp
and Lysapproach closely, Atthesame time, glycosylationappears
to decrease the average distance between the Lys and Thr amide
protons.

The relative amide-amide crosspeak intensities for b-Trp, Lys,
and Thr in the linear glycosylated and cyclic peptides are
remarkably similar, In the cyclic peptide, 0-Trp, Lys, and Thr
are in the (i + 1), (i + 2), and (/ + 3) positions, respectively, of
a type II’ 8-turn. A strong amide-amide NOE between (i + 2)
and (i + 3) and a weak or nonexistent amide-amide NOE between
(i + 1) and (i + 2) is considered strong supporting evidence for
a type I’ 8-turn.!! Although the glycosylated peptide is more
flexible than the cyclic peptide, the similarity in the relative
intensities of the amide~amide NOEs suggests that glycosylation
favors conformations in which the peptide backbone bends away
from thessite of glycosylation,!? Inthisregard, it is worth pointing
out that sugars are frequently found in turn regions of proteins.'3

In conclusion, we have found that glycosylation of an internal
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J. Am. Chem, Soc., Vol. 115, No. 8, 1993 3353

threonine with a single GalNAc residue dramatically changes
the ensemble average backbone conformation of a linear
hexapeptide.* We see no evidence for a specific hydrogen bond,
Moreover, the conformational change extends at least two residues
beyond the site of glycosylation. The most likely explanation for
the observed changes is that the presence of the sugar excludes
many conformations for steric reasons, We think that attached
sugars may influence protein folding, glycoprotein structure, and
thermalstabilityin a similar manner, by restricting conformational
space, Inany case, itis clear that glycosylation profoundly alters
peptide backbone conformation even in the absence of specific
hydrogen bonds between the sugar and the peptide. This result
raises the question of whether the identity of the specific sugar
matters if the general shape and size are similar, Using flexible
peptides as model systems, it should be possible to probe the
effects of different types of sugars on the average backbone
conformation. It should also be possible to assess the influence
of even larger saccharides (e.g., di- or trisaccharides) on the
conformation of the peptide backbone.® Ultimately, such knowl-
edge should prove useful in glycopeptide design.
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