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The outstanding structural feature of mucins is their heavy y=O-linkage sites

glycosylation via O-linkage to repetitive domains of the
apoprotein backbonk.Glycans constitute 5680% of the
assembled molecule by weight, largely determining the physical (b) bare Markov
chemical properties of mucus, and they are also implicated in
immunological function as binding sites for microbial pathogens.
Hence, it is of interest to explore the nature of the evolutionary I
selection pressures which have shaped mucin glycosylation. =il I

A noteworthy feature established recently by Julenius &t al. i R
is that the O-linkable amino-acid residues Ser and Thr, which
provide attachment sites for the glycans, do not appear to be (©)
conserved in any site-specific fashion; that is, selection for such
residues must presumably act instead on some more coarse- ;
grained bulk level. Here, toward further elucidation of this issue, b
we look for evidence of Ser/Thr selection at the coarse-grained :
level of the repeats. Our ansatz is that selection pressure of this :
type, if present, manifests itself via the normalized frequency u I I el
profile ¢,, wherey is the varying total number of Ser/Thr sites i —
per repeat. Y, =18

In Figure 1a, we plog, for a large 73-repeat domain which Figure 1. Model interpretation of mucin internal repeat variability with
dominates the sequence architecture of the human mucinrespect to number of glycan attachment sites: (a) observed Ser/Thr
MUCS5B 2 Out of a totalR = 29 sites in the repeat urfitypically profile ¢, for MUC5B; (b) bare Markov (binomial) model fit; (c)
around half are glycosylisabléy(~ 15. Figure 1b interprets improved model fit, introducing a truncation cutoff. The choice y. =
this observed profile according to a bare Markovian site- 18 corresponds to the highest single instance of y observed in the
mutational approach, i.e., le{z) andq(z) denote respectively ~ MUCSB sequence.
the probability that an O-linkable residue flips to any of the 18
remaining amino acids during evolutionary tinseand vice
versa. The long-time steady state is then just the binomial
distribution defined byR and the ratiay* = p(z)/q(z), with the
latter in effect constituting a “hidden” parameter to be deter-
mined by some form of tuning to the observed profile. A
convenient tuning criterion is just to match the expected versus
observed mean; that igy[® = [F[®. Then we have straight-
forwardly g* = IR — [, with expected variance? = [y
- AR

The valueg* = 1.04 determined thus for MUC5B indicates
that Ser/Thr substitutions occur at a rate which is comparable
to all other rates of substitution combined. Since this is obviously
far in excess of neutral rates as predicted for example by the
well-known Jukes-Cantor scherhé,can be taken as evidence
for their “bulk positive selection”, independently of site-specific
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Markov + truncation

motivates an extended approach, Figure 1c, where we improve
Ithe fit by adding a negative (purifying) mode of selective
pressuré, acting to truncate the distribution from the right at
some cutoffy. (see the Methods section).

What is the physicatchemical rationale for such a cutoff?
If the primary functional role of the apoprotein is to provide a
scaffolding for glycans, then what stops it from carrying a much
higher density of potential glycosylation sites? A possible
explanation concerns the maintenance of a functional viscoelas-
tic texture in mucus, which is known to depend sensitively on
the degree of conformational flexibility of the assembled
mucins’ Mucins tend to increase in rigidity as more glycans
are attached; hence, it is feasible to suppose that steric hindrance
and the need for conformational flexibility impose an upper limit
on the number of attachment sites. This should be qualified,
however, by noting that typically not all Ser/Thr sites are

location within the repeat unit. There is room for improvement M . ;
to this bare description, however, insofar as it gives a poor occupied in the assemblled mucin. The extent of.g!ycosylatlon
: ' appears thus also subject to more subtle affinities of the

f sk f th file (Table 1). This 7 F™ . ;
account of skewness of the observed profile (Table 1) S individual polypeptide-GalNAc transferases responsible for
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t University of Tromso. genome. Although not yet studied in comprehensive detall, there
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Table 1. Quantitative Statistics for Figure 12

bare Markov Markov + truncation (y. = 18)
fit quantity observed expected goodness of fit expected goodness of fit
X¢:] X° X° (X® = X221 X°] X° (X = X02/1x°|
(g*=1.04) (g*=1.36)
mean, O 14.77 14.77 0 14.77 0
variance, o2 3.25 7.25 2.21 4.08 0.17
skew, uzla® —-0.34 —0.01 10.89 —0.52 0.06

@ n the definition of skew, us refers to the third central moment of ¢,.

GalNAc-primed peptide. OGLYCBASE, a database of known whered; is the Kronecker delta function, and a negative selective cutoff
O-glycosylation site§, suggests a role for specific flanking  yclimits the index range of the matrix, i.g.,y" = 0..y (note that with
residues, notably the non-glycosylisable residue prélidelec- increasingy. the eigenstate approaches the binomial distribution of the
tion for a small number of proline sites in the MUC5B repeat bare model). Itis useful to exploit the property that, has the same
unit can of course be viewed as tantamount to a conjugate igenstates as a simpler mathK,, (%)
truncation of Ser/Thr sites, along the lines we are proposing.
In order to investigate the truncation constraint more generally M;y, ='(q* — 1)6W. + y’éw. -1+ (R—9y")g* 6%7, "

beyond the specific case of MUC5B, we applied the approach
to other members of the human mucin fanfild similarly For giveng*, the eigenstate can be calculated numerically, e.g., by
plausible fit is obtained in particular for the sequence of tridiagonal inverse iteratiof, taking the observed profile as an initial
MUC171%9 a mucin expressed in the intestines (60 tandem guess.
repeats of lengthiR = 61). Moreover this best fit corresponds
to a valueg* = 1.37 of the Markov parameter. Since this is References and Notes
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