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divided into six structural groups based on the nature of the
first sugar attached to the protein. Using the compositional
analysis data, the monosaccharides that composed these O-
glycans were assumed to be Glc, GlcNAc, GlcN, Vio4N, and
Vio4NAc, along with their methylated forms, but discussion of
the MALDI structures will make use of the generic names
(dHex, dHexN, Hex, HexN, and HexNAc) like in the original
publication.194

The first group encompassed four branched O-glycans, made
of 4−7 monosaccharide units, all sharing a methylated
HexNAc at the nonreducing end, and a substituted Hex at
the reducing end. Moreover, the two largest species had a
terminal pentose (probably Xyl) linked to O-3 (or O-4) of the
HexNAc unit attached to the Hex at the reducing end (Figure
11a). The glycans of all the other groups had a linear
architecture, with a variable number of hexose units (Figure
11a).
Group 2 included three linear O-glycans all with a double

methylated dHex at the reducing end. MALDI analysis of the
perdeuteromethylated products suggested that the terminal
Hex unit was attached to O-4 (or to O-6) of the
tetrasaccharide (n = 2, Figure 11a) or at O-3 (or O-4) of the
pentasaccharide (n = 3, Figure 11a).
The third group was the most abundant and encompassed

11 glycans of 2−12 monosaccharide units, all with a
methylated dHexN at the reducing end. In this case, analysis
of the MALDI spectra of the perdeuteromethylated alditols of
the three oligosaccharides with n = 1 or 2 (Figure 11a)
suggested a 4- or a 6-linkage between the Hex−Hex units,
while the mode of attachment of the Hex to the dHexN could
not be determined.
The fourth and fifth groups contained three and two glycans,

respectively, and a double or a unmethylated hexose at the
reducing end, respectively (Figure 11a). Regarding the nature
of the glycosidic linkage between two consecutive Hex units,
MALDI analysis of the perdeuteromethylated oligosaccharide
alditols of group 4, suggested that the terminal nonreducing
Hex was attached to O-3 or O-4 of the penultimate Hex, while
the other glycosidic connections could also involve O-6. As for
group 5, the same spectrometric approach suggested that the

Hex−Hex glycosidic linkages involved either O-4 or O-6 of the
next unit. Finally, the sixth group included three O-glycans
with a methylated HexN at the reducing end. In addition, the
MALDI-TOF-MS analysis suggested that the glycans of this
group had 4-linked consecutive Hex units.
The authors also performed linkage analysis on the whole

oligosaccharide mixture. They found 4-linked and terminal non
substituted Glc units as major components, which supported
the MALDI results and led to the hypothesis that some O-
glycans had an amylose-like arrangement of the Glc units. To
prove this hypothesis, the APMV particles were treated with α-
amylase and their infectivity compared to that of the untreated
virions, but no difference was observed between the two
groups, suggesting that these glycans were not essential for
viral infection.
Regarding their biosynthetic mechanisms, at the time of this

study information about the GTs encoded by APMV were
limited to the discovery of a bifunctional enzyme, L230, that
hydroxylates the lysine residues of a collagen-like viral protein
and transfers a Glc unit to it (see section 3.3.3).24 Therefore,
the authors speculated that APMV highjacked the host
enzymes to add the pentose unit onto the HexNAc unit
and/or to methylate some of the monosaccharide units based
on the information that some Acanthamoeba species have N-
glycans with terminal sugars methylated or pentosylated. There
was no information provided about the GTs involved in the
assembly of the other glycosidic linkages.197 This study was
extremely important because it was the first to provide clear
insight into how complicated the structure of the APMV fibrils
are.

3.2.2.2. APMV Fibrils Are Covered with a Glycocalyx
Consisting of Two Polysaccharides. Notaro et al.65 recently
analyzed APMV glycan fibrils using an experimental approach
different from that of Hülsmeier and Hennet.194 The fibrils
were released from the virions by heat treatment under
denaturing conditions realized with dithiothreitol. The NMR
spectroscopic data collected on the crude product revealed the
presence of two distinct polysaccharides (Figure 11b).
Polysaccharide 1 (poly_1) was an acidic polysaccharide with
a linear repeating unit made of 3)-α-L-Rha-(1→3)-β-D-

Figure 11. Glycan structures from APMV, the prototype of the clade A of the Mimivirusgenus. (a) Structures of the APMV O-glycans. The
numbers from 1 to 6 indicate the structural group to which the O-glycan belongs. The first group is the only one with a branched architecture, and
it has a hexose (Hex) at the reducing end. The other groups are linear polymers of a hexose and differ in the nature of the monosaccharide at the
reducing end: group 2 has a dimethylated dHex, group 3 has a methylated dHexN, group 4 has a dimethylated hexose, group 5 has a hexose, and
group 6 has a HexN. On the basis of the carbohydrate chemical composition, the Hex is assigned to Glc, the dHex to Rha, dHexN to Vio4N, and
HexN to GlcN. (b) The APMV fibrils contain two distinct polysaccharides, poly_1 and poly_2. The first has anionic features due to the presence of
pyruvic acid linked as a ketal. The other, poly_2, is neutral, and the viosamine unit is always N-acetylated and partially methylated at position 2. All
monosaccharides are represented according to the SNFG system and the “o” inside the symbol indicates that unit is an alditol. Nonstoichiometric
substituents are indicated with the linkages as a broken line (a), or in parentheses (the methyl group in b).
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