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Abstract

The one-letter code system proposed here is a simple method to accurately describe structurally diverse
oligosaccharides derived from heteroxylans. Substitutions or ‘molecular decoration(s)’ of main-chain D-xylosyl
moieties are designated by unique letters. Hence, an oligosaccharide is described by a series of single letters,
beginning with the non-reducing D-xylosyl unit. Superscripted numbers are used to indicate the linkage
position(s) of main-chain substitution(s) and, where necessary, superscripted lowercase letter(s) indicate the
nature of non-glycosidic groups (e.g. methyl, acetyl or phenolic derivative moieties) that can be present on the
substituents. Although relatively simple and practical to use, this abbreviated system lends itself to the naming
of a large number of different combinations of structural building blocks and substituents. In its present state,
this system is therefore adequate to name and differentiate all currently known complex oligosaccharides derived

from heteroxylans and is sufficiently flexible to accommodate new structures as they become available.
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Difficulties associated with the naming of complex oligosaccharide motifs that are derived from heteroxylans
often results in the use of erroneous or highly abbreviated, informationally-poor terms in the text of articles.
Here, we propose a new convenient method for generating useful short names based on a one-letter code that
should help glyco-chemists and biochemists to more easily convey both compositional and structural information

concerning heteroxylan motifs.

Heteroxylans, especially arabinoxylans (AXs), are chemically and structurally complex polysaccharides that
form up to 35% of the dry weight of hardwoods and cereals.') Although the main-chains of heteroxylans are
almost exclusively consist of D-xylopyranosyl residues linked through B-(1—4) glycosidic linkages, they also
carry a wide diversity of main-chain substituents. The most frequently reported type of main-chain substituents
are L-arabinofuranosyl residues that are linked to the main-chain xylosyl units through O-2 and/or O-3 bonds.
Similarly, other substituting groups that can be linked through O-2 and/or O-3 bonds are D-xylosyl and D- and L-
galactopyranosyl residues, uronic acids (notably D-glucuronic acid and its 4-methylated derivative), and acetyl
moieties. In AXs, further chemical complexity is introduced through the substitution of the substituents
themselves. Typical examples of this are phenolic acid derivatives that are linked to L-arabinofuranosyl
residues. The two major types of phenolic substituents, (E)-4-hydroxy-3-methoxycinnamoyl (trans-feruloyl) and
(E)-4-hydroxy-cinnamoyl (trans-coumaroyl), form ester bonds with the O-5 primary alcohol group of L-

arabinofuranosyl units.

Because of the high degree of chemical diversity of heteroxylans and heteroxylan-derived oligosaccharides, the
naming of these compounds is a difficult task for most researchers. Indeed, the frequent use in the literature of
erroneous or approximate chemical names provides ample proof for this statement. The only established rules
that do exist are those laid down by IUPAC-IUBMB."* These rules generate complex names that are unfamiliar
to many researchers and are often quite difficult to understand. Thus, clearly a simpler, more useful,

comprehensive naming system would be welcome.

Fifteen years ago, Fry et al. (1993)®! proposed a simplified nomenclature for xyloglucan-derived
oligosaccharides and more recently an easy-to-use structural code system has been developed for
glycosaminoglycans.!” The system proposed by Fry et al. (1993)™! attributes a unique letter to each main-chain

segment according to the substituent that it bears. With this simple system it has been possible to name a variety



of molecules, including a recently prepared library of xylogluco-oligosaccharides.”!

Inspired by these
initiatives, we propose a similar strategy to name oligosaccharides derived from heteroxylans. Likewise, we
believe that the use of a single letter code system makes it is possible to create simpler abbreviations that will

improve clarity and accuracy, while faithfully reflecting the vast diversity of heteroxylan structures, notably

those of arabinoxylan oligosaccharides (AXOS).

The key to our proposed short name system is summarized in Tables 1 and 2. Similar to the system described by
Fry et al. (1993),”! we have adopted a single letter code, where uppercase letters are unique identifiers of main-
chain substituents. To form a name, these are arranged in a consecutive manner starting from the non-reducing
terminal residue of the main-chain. The letter ‘X’ is attributed to unsubstituted or terminal B-(1—4)-linked, D-
xylosyl residues. Other letters describe glycosyl units that decorate the xylan main-chain. The majority of these
letters have been used to describe single glycosyl units (e.g. ‘A’ for L-arabinosyl), but oligosaccharide motifs
that contain an arabinosyl unit at the reducing end of the sidechain have also been attributed letters that follow on
from ‘A’ in alphabetical order (i.e. arabinobiosyl is ‘B’ and so forth). So far, we have introduced 10 uppercase
letters. A second level of information is provided by one (or several) superscript number(s) that indicate(s) the
position(s) of the substitution(s). Punctuated by ‘commas’, these are written in a directional manner beginning
with the non-reducing terminal glycosyl unit of the side-chain. The last number in the sequence indicates the
position on the main-chain D-xylosyl unit that is decorated. Accordingly, A? describes a L-arabinosyl residue
that substitutes a main-chain D-xylosyl unit at its O-2 position, the presence of this latter being considered
implicit. With regard to other punctuations, the ‘plus’ symbol is used when a main-chain D-xylosyl residue is
double substituted. For example, A** is used to indicate the presence of two side-chain L-arabinosyl groups that
are linked to the same main-chain D-xylosyl residue at O-2 and O-3 respectively. Building on this simple code
system, further side-chain complexity is handled through the use of superscripted letters, which can take two
forms. First, to account for the fact that glycosyl units that form a side-chain decoration can themselves be
substituted, superscript lowercase letters are used to designate non-glycosidic substituents. These are preceded
by a number that indicates the position of the hydroxyl group engaged in the substitution. For example, A?
describes a main-chain D-xylosyl unit that is substituted at O-2 by an L-arabinosyl residue that is itself
substituted at O-5 by a trans-feruloyl moiety. Second, to describe more complex, relatively uncommon side-
chains that cannot be defined by a single letter, a composite letter is formed from single letters that are organized

in the following manner. As before, the reducing terminal residue (or a defined oligosaccharide motif) is



represented by its assigned letter, and then further side-chain glycosyl moieties are indicated by their letter,
which is written in superscript and associated with a superscript number. Therefore, DM***°% describes a main-
chain D-xylosyl unit that is substituted at O-3 by a a-D-Galp-(1—3)-a-L-Galp-(1—2)-B-D-Xylp-(1—2)-[5-O-
Feruloyl]-o-L-Araf motif, where D designates the B-D-Xylp-(1—?)-o-L-Araf- motif and L and M designate the a-
L-Galp and a-D-Galp units respectively. Overall, by combining the single letter codes with the superscript
numbers, uppercase and lowercase letters and punctuation, a large number of permutations can be generated to
describe variously substituted B-D-xylosyl residues (and the reducing terminal D-xylose unit) in the xylan
backbone of heteroxylans. Finally, it is noteworthy that the structural code system can be applied to describe
simple motifs even when the oligosaccharide structures are only partially determined (i.e. the positions of the
linkages are not defined). In this case, incertitude associated with linkage position can be indicated by the use of

one or more superscript ‘0’ characters.

To provide a more complete guide to how the system works, the short names of seven representative AX-derived
structures are shown in Table 3 and Fig. 1. The benefits of the new system can be clearly illustrated by
considering some of these structures. Firstly, in the past the feruloylated trisaccharide 5-O-feruloyl-o-L-Araf-
(1—3)-B-D-Xylp-(1—4)-D-Xylp has been variously named in the literature as Fe5Araa3Xylp4Xyl,'?' O-[5-O-
(trans-feruloyl)-o.-L-Araf]-(1—3)-0-B-D-Xylp-(1—4)-D-Xylp or simply FAXX,!” terms that are either highly
complex or uninformative. Using the new system, the same trisaccharide can be designated as A**X, which is a
very simple but totally unambiguous name. Secondly, related arabinoxylan-octasaccharides such as
Xylp4[Araa3]Xylp4[(Aran2)(Aran3) | Xylp4 XylB4Xyl, Xylp4[(Araa2)(Aran3)]|Xylp4[Arac3]|XylB4XylB4Xyl,
and XylB4[Araa3]|XylB4XylB4[Araa3|Xylp4Xylp4Xyl (shown in Fig. 1) can be attributed the simple, visually
unambiguous designations XA A* XX, XA A’XX, and XA*XA’XX, respectively. Therefore, through the use
of this new one-letter code system, regions of heteroxylans can be easily named in a uniform way that is

accessible to both specialists and non-specialists working in a wide variety of scientific fields.

Although the abbreviations described above will generate quite simple names for almost all known structures,
two noteworthy exceptions require extra punctuation. Asymmetric double substitutions of a D-xylosyl residue
by glycosyl moieties can be dealt with using ‘curly brackets’ that are used to associate two code letters with a
single main-chain D-xylosyl unit (Fig. 2), while multiple glycosidic substitutions of a side-chain decoration (i.e.

branch-point within a side-chain) could be represented using the ‘slash’ symbol.



In conclusion, we propose a system that we believe is sufficiently simple to enable its use by non-specialists and
robust enough to accommodate the introduction of new, complex structures. For these reasons, we hope that this
system can be widely adopted by the scientific community and that it will have significant impact in reducing
ambiguities linked to poor use or understanding of current nomenclature. It is clear that the system must be
sufficiently flexible to accommodate new, hypothetical structures that might be reported in the future, and the
authors envisage that the list of code uppercase letters, superscript numerals and lowercase letters could be easily
extended, if and as required. However, in order to maintain the universal nature of the short name system, it is
vital that colleagues wishing to modify it first consult with H. Driguez, M. O’Donohue and their co-authors
before publishing any new codes. To further facilitate the use of the structural code system and its future
administration, the creation of an interactive  internet-based  interface is  underway

(http://www.cermav.cnrs.fr/AXonym). This interface will provide up-to-date code tables, a brief tutorial to

describe how the system works, and an automatic abbreviated name generator.
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CODE LETTERS

Uppercase letter | Structures represented Mnemonic
X B-D-Xylp Xylosyl of the backbone
Y B-D-Xylp-(1—7?)- xYlosyl

A a-L-Araf-(1—7?)- Arabinosyl

B o-L-Araf-(1—-?)-a-L-Araf-(1—7)- arabinoBiosyl
C o-L-Araf-(1—-?)-a-L-Araf-(1—?)-a-L-Araf-(1—-7?)- follows B

D B-D-Xylp-(1—?)-a-L-Araf-(1—?)- follows C

L a-L-Galp-(1—-?)- gal_actosyl

M a-D-Galp-(1—7)- follows L

N B-D-Galp-(1—?)- follows M

U o-D-GlcpA-(1—7?)- glUcuronosyl

Table 1. The elementary letters of the short name system.

Uppercase letters are the basic components of the code.

‘X’ represents unsubstituted main-chain [-D-

xylopyranosyl units (including reducing terminal D-xylose). Other letters represent various decorations of the

main-chain B-D-xylopyranosyl residues. It is expected that the letters ‘F’, ‘G’, ‘P’, ‘R’, and “V’ could be used in

the future to represent fucosyl, glucosyl, mannosyl, rhamnosyl, and galacturonyl residues, respectively.



SUPERSCRIPT AUXILIARY COMPONENTS

Lowercase letter | Structures represented Mnemonic
a O-Acetyl- acetyl
f O-Feruloyl- feruloyl
c O-p-Coumaroyl- Ccoumaroyl
m O-Methyl- methyl
Numerals Linkage
2 (1-2)
3 (1-3)
4 (1-4)
5 (1-95)
0 incertitude associated with the linkage position
Punctuation Definition
, separation of the successive residue linkages engaged inside a single side-chain
/ multiple glycosidic substitutions of a single glycosyl residue within a side-chain
+ double substitutions of a single main-chain D-xylosyl residue
complex asymmetric double substitutions of a single main-chain D-xylosyl residue by
U glycosidic side-chains

Table 2. The auxiliary components of the short name system.

The proposed nomenclature is completed by three other types of constituents: superscript lowercase letters that
furnish additional chemical information relative to non-glycosidic substituents, superscript Arabic numerals that
provide information about the position of substitutions, and punctuation. The use of uppercase letters in
combination with superscripted uppercase letters provides a way to describe more complex side-chain motifs

(ibid. Table 1).
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Structures of the xylosyl backbone Name

D-Xylp X
3-O-Acetyl-p-D-Xylp x*
2,3-Di-O-acetyl-B-D-Xylp X2t
Side-chain with a xylosyl residue at the reducing terminal position

B-D-Xylp-(1—2)- Y?
Side-chains with an arabinosyl residue at the reducing terminal position

a-L-Araf-(1—2)- A’
a-L-Araf-(1—2)-[a-L-Araf-(1—3)]- A*P
5-O-Feruloyl-o-L-Araf-(1—3)- A
5-O-p-Coumaryl-a-L-Araf-(1—2)- A
5-O-Feruloyl-a.-L-Araf-(1—3)-[a-L-Araf-(1—2)]- A*PB
B-D-Galp-(1—5)-0-L-Araf-(1—2)- AN?
a-L-Araf-(1—5)-a-L-Araf-(1—3)- B**"
B-D-Xylp-(1—3)-a-L-Araf-(1—3)-0-L-Araf-(1—-2)- BY#32*
a-L-Araf-(1—2)-a-L-Araf-(1—3)-o-L-Araf-(1—2)- c+2"
B-D-Xylp-(1—3)-0-L-Araf-(1—-2)- D"
B-D-Xylp-(1—2)-[5-O-Feruloyl]-o-L-Araf-(1—3)- D>t "
a-L-Galp-(1—4)-B-D-Xylp-(1—2)-a-L-Araf-(1—3)- pt423*
a-L-Galp-(1—4)-B-D-Xylp-(1—2)-[5-O-Feruloyl]-a-L-Araf-(1—2)- pt423*
Side-chains with a glucuronyl residue at the reducing terminal position

a-D-GlepA-(1—2)- U?
a-D-GlepA-(1—2)-3-O-acetyl- ure
4-O-Methyl-o-D-GlepA-(1—2)- ytm
4-O-Methyl-a-D-GlepA-(1—2)-3-O-acetyl- ymza
a-D-Galp-(1—2)-4-O-Methyl-o.-D-GlecpA-(1—2)- yMam2

*
The availability of letters that describe monosaccharidic side-chains and others that represent common disaccharidic side-chains means that
it is theoretically possible to provide alternative names for some structures. However, to avoid ambiguity, side-chain motifs must be

decomposed into the largest defined motifs, beginning with the reducing terminal unit of the side-chain.

Table 3. Simplified names for a variety of heteroxylan-derived oligosaccharide motifs.
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Structures New abbreviations

B-D-Xylp-(1—4)-D-Xylp
2
T A%X
1
o-L-Araf

5-O-Feruloyl-o.-L-Araf
1
¢ AP

3
B-pD-Xylp-(1— 4)-p-Xylp

o-L-Araf o-L-Araf
1 1
3 3
B-D-Xylp-(1—=4)-B-D-Xylp-(1— 4)-B-p-Xylp -(1—>= 4)-B-p-Xylp-(1—>=4)-p-Xylp XA3ATBXX
2
1
o-L-Araf
o-L-Araf o-L-Araf
1 1
3 3
B-D-Xylp-(1—= 4)-B-p-Xylp-(1—= 4)-B-p-Xylp-(1— 4)-B-p-Xylp-(1—=4)-p-Xylp XAZBARXX
2
1
o-L-Araf
o-L-Araf o-L-Araf
1 1
3 3
B-p-Xylp-(1—= 4)-B-p-Xylp -(1—= 4)-B-p-Xylp-(1— 4)-B-p-Xylp-(1—4)-B-p-Xylp-(1 —4)-p-Xylp XASXA’XX

B-D-Xylp -(1— 4)-B-D-Xylp-(1—= 4)-B-b-Xylp-(1—=4)-B--Xylp-(1 —=4)->-Xylp

2 2
¢ T XU4m2XUM2’4m2X
1 1
4-O-Methyl-o-D-Glep A 4-O-Methyl-o.-D-Glecp A
2
1
a-D-Galp
O-Acetyl O-Acetyl O-Acetyl
1 1 1
3 3 3
B-D-Xylp-(1— 4)-B-D-Xylp -(1— 4)-B-D-Xylp -(1—=4)-B-D-Xylp-(1—> 4)-D-Xylp U2 Baxxlax2ax2atia
1 1 1
a-D-GlepA O-Acetyl O-Acetyl

Fig. 1. Demonstration of the new abbreviated structural code system for AXOs generated by chemical or

enzymatic treatment of arabinoxylans.®*'*
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Structure New abbreviation

B-p-Xylp
i
3
o-L-Araf B-p-Xylp o-L-Araf
1 1 1
3 3 3
B-p-Xylp-(1—>=4)-B-p-Xylp-(1—>=4)-B-b-Xylp-(1 —4)-B-b-Xylp-(1 —>4)-D-Xylp {D22A3} X (D323} X {A2D3)
2 2 2
1 1 1
o-L-Araf 5-O-Feruloyl-a.-L- Araf o-L-Araf
? ?
1 1
B-p-Xylp B-p-Xylp

Fig. 2. The use of ‘curly brackets’ symbol to represent exceptional side-chain complexity.
Curly brackets are used to indicate the asymmetric double substitution of a single main-chain D-xylosyl

residue.!!!
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provide simple nomenclature for heteroxylans, but current short names are informationally-poor. The naming
system described provides a single letter-based system that should radically improve the published descriptions

of heteroxylan structures, while remaining accessible to most researchers.

5-0O-Feruloyl-a-L-Araf
1

J New abbreviation: A>7X
3
B-D-Xylp-(1—= 4)-D-Xylp

Nomenclature from IUPAC carbohydrate rules: O-[5-O-(trans-feruloyl)-o-L-Araf ]-(1,3)-O-B-D-Xylp -(1,4)-D-Xylp
Short form from IUPAC carbohydrate rules: Fe5Araa3XylB34Xyl
Old abbreviation: FAXX
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