


























TABLES

Novel Protein Glycosylation Motifs

Summary of the structural context and amino acid sequence surrounding each NCG site and the consensus glycosylation site in IgG Fc

The solvent exposure of each occupied Asn residue was calculated by modeling the exposed surface of each amino acid to a water molecule probe. The distance from the
upstream or downstream Ser/Thr side chain oxygen atom to the occupied Asn/Gln side chain amide was calculated from an IgG2 homology model. The Ser/Thr amino
acids from which distance measurements were taken are shown in blue and the occupied Asn/Gln residues are shown in red. The relative position of the occupied Asn/Gln

residue within the secondary structural element is shown in the 6th column.
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FIGURE 6. Crystal structure of IgG2 Fab and Fc domains showing the loca-
tion of non-consensus oligosaccharide structures. InPanel A, the IgG2 Fab
crystal structureis rotated so that the HC Fd (gray) is in the foreground and the
LC (green) is in the background and the non-consensus site at Asn-162 is
shown in red.Panel Bshows IgG2 Fc homodimer crystal structure with one
chain colored grayand the other modified chain colored blueand the NCG
site at Asn-360 shown in red. In Panel C, the IgG2 Fab crystal structure is ori-
ented to show the occupied Asn and GIn residues (red) at positions 164, 106,
and 35, respectively, from left, occurring on the LC (green).

site are correlated with site occupancy (8) and we believe that
this correlation can be translated to apply to NCG in a limited
manner. It was established by Petrescu et al. (8) that the pres-
ence of a large aromatic residue, particularly Trp and to a lesser
extent Tyr in the 1 position was correlated with a greater

probability of occupancy on a consensus Asn. Sequence analy-
sis of all non-consensus sites indicates that the non-consensus
sequon, Asn-162, which is the most abundant non-consensus
site, is indeed preceded by a Trp in the 1 position (Table 5),

whereas the lower level non-consensus glycopeptides do not
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contain a 1 Trp. At first glance, this result argues against the
idea that the non-consensus sequon is merely a backwards con-
sensus sequon. We have shown in our previous study (23), how-
ever, that mutation of the 1 Trp to Ala in the C ;1 domain
sequence VSWN'®?SGA resulted in a 4-fold increase in NCG
observed at Asn-162. In the case of our hypothetical non-con-
sensus sequon, the 1 residue with respect to the glycosylated
Asn corresponds to the 1 residue in the consensus sequence.
We surmise that the presence of Trp in the 1 position of the
Cy;1 non-consensus sequence SWN negatively affects glycan
occupancy on Asn-162 by interfering with the interaction
between the 2 Ser and the glycosylated Asn. This result on the
non-consensus sequon would be consistent with the work of
Kasturi et al. (37), which demonstrated that the presence of Trp
in the 1 position had an inhibitory effect on N-glycan occu-
pancy of the consensus sequon NXS in an in vitro system.
Through the study of known antibody constant domain sec-
ondary structures, we have determined that NCG occurred on
Asn residues that were present on highly flexible loops and
turns. The amino acid length of loop/turn structures on which
an Asn residue was present varied from 3 to 14 residues in
length. The wide distribution of lengths prompted an investi-
gation into the centrality of the occupied Asn/Gln residues
within the loop/turn structure. We found that NCG occurred
exclusively on domains that were within 3 residues of a transi-
tion in the secondary domain structure that is consistent with
structural contexts typically associated with consensus glycosy-
lation (8). An association of consensus and NCG events with
protein secondary structural features is highly relevant for in
silico prediction of glycosylation. Recent results have clarified
the complementary roles of the two subunits of the OST com-
plex, STT3A and STT3B, in co-translational as well as post-
translational glycosylation events (38). It is widely understood
that the co-translational glycosylation occurs in the absence of
the protein secondary structure, whereas post-translational
glycosylation is concurrent with folding events, as is the case for
human coagulation factor VII, which has been shown to be
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glycosylated well after translation, while it is being folded in the
lumenal space of the ER (39). It is not known whether or not
NCG is mediated by the post-translational machinery of the
OST enzyme complex. We can speculate, however, that if NCG
is mediated by the ST'T3B subunit, then the structural features
associated with this modification may have a direct impact on
non-consensus occupancy. The relatively long time frame asso-
ciated with the folding of various antibody domains, particu-
larly C,;1, which contains the most abundant non-consensus
site (40), and the long residence time in the ER-lumen that is
implied by this process, could favor NCG events. The implica-
tion is that proteins that fold on a very fast time scale may not
reside in the ER-lumen for a sufficient period of time for NCG
to occur. However, multidomain proteins that undergo exten-
sive post-translational folding may be more likely to be glyco-
sylated at non-consensus residues merely because there is a
longer period of time in which these proteins sample the lume-
nal space and thus a greater likelihood that they will transiently
interact with the post-translational glycosylation machinery.

In the present study, we have extended the understanding of
the phenomena of NCG and, with the discovery of a glycosy-
lated glutamine residue, added to the repertoire of residues that
may be modified with oligosaccharides. Our discovery of 4
NCG sites has allowed us to survey the distance between amino
acid side chains thought to be involved mechanistically, pro-
pose a non-consensus N-glycosylation sequence motif, and
specify secondary structural characteristics associated with this
unusual modification. The cataloging of further NCG sites is
ongoing and will continue to contribute to the evolving view of
the fidelity of this ubiquitous protein modification.
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