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For more than a century the concept of mucin was 
associated with material secreted in mucus. Mucins 
(including blood group substances), the main constitu
ents of most mucus, were probably the first type of 
compounds to be clearly recognized as glycoproteins. 
However, the precise definition of mucins in general, 
as well as that of respiratory mucins, is still evolving 
due to the complexity of these molecules [1]. 

Initially, the definition of mucins was based on the 
chemical composition (from 50-80% carbohydrate) and 
molecular mass (from several hundred to several thou
sand kDa). In the typical chemical composition of 
human respiratory mucins, there is more than three 
times more carbohydrate than peptide. The proportion 
of hydroxylated amino acid is high (from 3~35 serine 
and threonine residues per 100 amino acid residues) as 
are the proportions of all the sugars usually found in 
mucins, i.e. fucose, galactose, N-acetylglucosamine, 
N-acetylgalactosamine, sialic acid. Respiratory mucins 
also contain sulphate but no uronic acid and perhaps a 
small quantity of mannose which will be discussed later. 

The physical polydispersity and several other lines of 
evidence clearly indicate that there is not a single 
mucin, such as a unique respiratory mucin, but a very 
large family of mucin molecules, differing from each 
other at the peptide and at the carbohydrate levels. 

In the present review, we will describe the evidence 
which suggests that human respiratory mucins are a 
broad family of different glycoproteins which seems to 
stem from two events, firstly the expression of mucin 
genes into multiple apomucins, then a diversity of 
posttranslational phenomena, mainly 0-glycosylation 
leading to carbohydrate chains with a vast micro-

heterogeneity. We will also try to speculate on the 
possible biological significance of such a diversity. 

Cellular origins of human respiratory muclns 

The goblet cell found in the human respiratory 
epithelium is a very good example of a mucin synthe
sizing cell. At the basal part, it has a nucleus 
surrounded by rough endoplasmic reticulum and an 
apical part filled with mucin granules intensely stained 
by periodic acid-Schiff (PAS). The Golgi apparatus is 
between these two cell compartments. 

The cells which form the mucous glands of the 
submucosa have a similar shape. They also synthesize 
mucins and greatly outnumber the goblet cells of the 
surface [2]. These different cells may differ in their 
staining intensity with different dyes as well as their 
affinity for different lectins [3, 4]. 

The mucin peptides are thought to be translated in 
the rough endoplasmic reticulum as apomucins and 
most of the glycosylation process occurs in the Golgi 
apparatus, which delivers mucus granules accumulating 
at the apical part of the mucin synthesizing cells before 
s~cretion. 

Physicochemical evidence for the heterogeneity of 
human respiratory muclns 

One of the main difficulties in working on mucin is 
related to the viscoelastic properties of respiratory 
mucus . Mucus has to be solubilized before the 
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purification of mucins. For this purpose, various mu
colytic procedures have been used but some of them, 
such as proteolytic enzymes or reducing agents, will 
simultaneously produce some degradation of the mucin 
molecules [5-7]. Mild agitation in dissociating agents 
or after water dilution leads to disentanglement of 
mucin molecules which are then ready for chemical or 
physical analyses (1, 8]. 

Based on its peptide and carbohydrate composition 
and its susceptibility to alkali, the usual representation 
of a respiratory mucin is that of a "bottle-brush" with 
~ .... undreds of carbohydrate chains attached to serine and 
threonine residues of the mucin peptide (fig. 1). 

Proteolytic cleavage of mucins produces small 
peptides and glycopeptides (fig. 1). There is a partial 
degradation of the "naked" regions of the mucin pep
tide, which is more or less devoid of carbohydrate 
chains, leaving "highly glycosylated" regions resistant 
to proteolysis (or mucin glycopeptides) [9]. The exact 
distribution of the naked regions is completely 
unknown. 

Naked regions 

Carbohydrate chains 

The estimation of the molecular mass of respiratory 
mucin is usually very difficult and still a matter of de
bate. There are large differences according to the 
method used: in the range 1-8 x 1,000 kDa with sedi
mentation equilibrium [1, 7, 10, 11], 10--20 x 1,000 
kDa with light scattering [1, 12, 13]. Most groups 
agree on the large polydispersity of these molecules. 

A major advance in the understanding of mucin 
conformation occurred with the introduction of electron 
microscopy for studying mucin molecules. Human 
respiratory mucins appeared as polydisperse, linear and 
apparently flexible threads [11, 14-16] (fig. 2: [11]). 
However, there are some discrepancies between labo
ratories with regard to the width of distribution: in most 
data, reported so far, the distribution of respiratory 
mucins filaments ranged between two or three hundred 
nm and about 1,500 nm [11, 14, 15]; larger species 
have been observed by SHEEHAN et al. (16] but, in that 
study, the size of more than 80% of the filaments was 
less than 2 J.lm. Frequently, electron microscopy also 
shows aggregates and it is difficult to establish firmly 

Peptide 
(apomucin) 

Highly glycosylated regions 
Fig. 1. - Schematic representation of human respiratory mucins and mucin glycopeptides (highly glycosylated regions) obtained by proteolysis. 

200 nm 
'------' 

Fig. 2. - Electron micrographs of tungsten replicas of human respiratory mucin. Mucin molecules may be kinked (a) or extended (b). Some 
pictures, as for instance in (c) are more difficult to interpret: they may correspond either to an overlap of several mucin molecules or to longer 
species. The micrographs were provided by the courtesy of Dr H.S. Slayter (Harvard Medical School, Boston) [11]. 
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whether the longest filaments correspond to one mucin 
molecule as suggested by SHEEHAN et al. [16] and 
THoRNTON et al. [17] or to tangled units. In fact, respi
ratory mucins have lipid-binding [1, 18] and hydropho
bic properties which can contribute to their polymeric 
structure through noncovalent interactions [19]. 

Mucin glycopeptides obtained by direct reduction of 
mucus [20] or by proteolysis of purified mucins [17] 
appear also to be polydisperse, although as shorter rods 
with a distribution of sizes ranging from 50-250 nm. 

The question of disulphide bridges linking respiratory 
mucin subunits is still a matter of controversy. Re
ducing agents act on the longer species to produce 
shorter species [20] but whether their exact role is 
reduction of disulphide bridges linking mucin subunits 
[9] or proteolysis activation [7] is not perfectly clear. 
In other mucins, "link proteins" covalently attached to 
mucin subunits have been reported [21]. The presence 
of such a link has not yet been firmly proved, although 
the association of mucins to a 65 kDa protein has been 
reported [22]. 

Biological evidence for a wide diversity of the 
peptldes of human respiratory mucins 

Human respiratory apomucins 

Since human respiratory mucins appeared as 
polydisperse glycoproteins, even when collected directly 
from healthy areas of the bronchial tree, several 
experiments were designed in order to characterize the 
size of the apomucins, or peptide precursors, in the 
rough endoplasmic reticulum, before glycosylation in 
the Golgi apparatus. 

Several antibodies were prepared against degly
cosylated products of "highly glycosylated" regions 
isolated from human respiratory mucins [23, 24]. These 
antibodies, which recognized uncovered mucin peptides, 
or apomucins, were used to immunoprecipitate 
radiolabelled mucin precursors synthesized in explants 
of human bronchial mucosa during pulse-labelling 
experiments with [lH] threonine. They demonstrated 
the existence of a population of peptide precursors in 
the range of 200-400 kDa [25]. 

The same antibodies have also been used to charac
terize the respiratory mucin precursors obtained during 
in vitro translation experiments of messenger 
ribronucleic acids (mRNAs) purified from human 
tracheobronchial mucosa [26]: these precursors also 
appeared as a polydisperse population of peptides in the 
range 100 to >400 kDa. Such values of Mr are quite 
compatible with the size of mucin filaments observed 
by electron microscopy [11]. 

Preparation of respiratory mucin complementary 
deoxyribonucleic acids (cDNAs) 

Is it possible to correlate the diversity of the peptide 
moiety to the diversity of ribonucleic acid (RNA) 

messages? To answer this question, a cDNA library 
was constructed in A.gtll vector and screened with a 
polyclonal antiserum directed against tracheobronchial 
apomucins [27]. The experimental approach which has 
been described elsewhere [27-30] is schematized in 
figure 3. 

Twenty positive clones were obtained and were 
sequenced [28]. The positivity of each clone was 
controlled by immuno-histochemical studies. "Mono
clone" antibodies were purified by adsorption of spe
cific antibodies from the total antiserum on the fusion 
protein from each positive clone. Every "monoclone" 
antibody was able to recognize either both goblet cells 
and mucous cells, or only goblet cells, demonstrating 
the cellular specifity of these immunological probes 
(fig. 3). 

cDNA sequences 

Very little is known about the peptide sequence of 
secreted mucins as opposed to mucin-like glycoproteins. 
The mucin-like glycoproteins are transmembrane 
molecules expressed in cancer cell lines such as human 
breast tumour and pancreatic carcinoma. 

The complete sequence of episialin, a mucin-like 
glycoprotein, has recently been described [31, 32]. In 
contrast, only partial cDNA sequences have been 
reported for secreted mucins such as intestinal mucins: 
these sequences were characterized by the presence of 
"tandem repeats" of 23 and 17 amino acids, respec
tively, [33, 34]. 

In the case of human airway mucins, repetitive 
sequences of 8 and 16 amino acids were found. These 
incomplete sequences were not homologous and 
differed from the sequences described previously [27, 
30]. Recently, a mucin cDNA obtained from a patient 
suffering from cystic fibrosis has been reported: the 
sequence is homologous with a sequence reported for 
colonic mucins. Other families of bronchial mucin 
cDNAs were also observed [28]. 

Several cDNAs coded for stretches of peptides with 
an amino acid composition characteristic of human 
bronchial mucins. Among them, small sequences were 
found to be identical with previously reported tracheal 
mucin peptide sequences that were determined chemi
cally [35]. 

Finally, the sequences of other cDNA clones corre
sponded to a perfect alternation of potentially 
glycosylated regions and naked regions. These deduced 
amino acids zones were varying in length but always 
organized according to the same scheme. 

By nucleotide sequence comparisons, it seems that 
exons of respiratory mucin genes are small and that 
primary mRNAs are submitted to a very complex 
alternative splicing system. 

All these deduced amino acid sequences emphasize 
the heterogeneity of the protein cores of human airway 
mucins: five out of the 20 positive clones sequenced 
possess a C-terminal amino acid. The same thing is 
observed with clones derived from the A.gtlO cDNA 
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library. In some cases, the code sequence Asn-X-Ser/ 
Thr was found. This sequence is potentially 
N-glycosylated and might explain the presence of 
mannose traces in secreted respiratory mucins [11]. 

These results corroborate those obtained by in vitro 
translation experiments. 

Northern blot analysis 

Human airway mucin probes hybridized with mucin 
mRNAs as very polydisperse signals characterized in 
electrophoresis as a large smear with a size ranging 
from 0.4 to about 20 Kb [28]. Usual controls were 
done and no RNA degradation was observed. The 
same observations have recently been obtained in 
colonic mucosa [34, 36, 37]. 

Expression of mucin mRNAs from different human 
mucosae and from two human breast tumour cell 
lines was examined with all the probes in our posses
sion. Only a few probes were able to recognize all the 
tissues tested [28], suggesting a tissue-specific regulation 
of the expression of at least some human mucin 
genes. 

Chromosomal localization of human airway mucin genes 

At present, five different chromosomes seem to be 
implicated in the synthesis of human mucins and 
mucin-like glycoproteins. A human urinary mucin 
gene, Muc1, was localized in the q21-q24 region of 
chromosome 1 [38]. Two human intestinal mucin 
genes, Muc2 and Muc3, were mapped on the p15 band 
of chromosomes 11 [39] and 7 [34), respectively. For 
human tracheobronchial mucins, we have identified 
three genes on chromosome 11 in p15 (Muc6), 13 
(Muc6L) [29] and 3 (Muc4) (30]. The mucin gene 
located on chromosome 11 was also recently identified 
in cDNA library from a patient with cystic fibrosis [36]. 

Moreover, since the cDNA clones described for 
respiratory [27] and intestinal mucins [33] are 
incomplete, we do not know if there is a single mucin 
gene on chromosome 11 in p 15 expressed in human 
tracheobronchial as well as in intestinal mucosae or if 
there are several genes. 

The results obtained from the study of a gene library 
suggest a genomic organization with many small exons 
with about 90% of sequence homologies therefore 
generating a broad spectrum of mRNA. 

Human tracheobronchial mucosa 

1 Extraction 
• (guanidine HCI) 

Total RNA 
I Affinity chromotagraphy 

• on oligo(dT)-cellulose 

m RNA ! Reverse transcriptase 

cON A 
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(other mucin cDNA clones) 

Tissue specificity ..,. 
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Cellular specificity Nucleotide sequences 
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Fig. 3. - Preparation of human mucin complementary deoxyribronucleic acid (cDNA) clones. Two cDNA librariea have been prepared: i) in >,.gt 
11; and ii) in ).at 10. The ).at 10 library has been screened with the nucleotide probes from the ),gt 11 library. RNA: ribonucleic acid; mRNA: 
measenaer RNA. 
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Besides the heterogeneity of the RNA messages 
coding for tracheobronchial mucins in a given indi
vidual, additional complexity might result from 
polymorphisms leading to sequence differences from 
individual to individual [30, 40). 

In summary: 1) pulse/chase experiments have 
revealed a wide range of apomucins; 2) the mucin 
mRNAs are polydisperse and in vitro translation 
experiments give multiple translation products; 3) there 
are certainly several (how many?) mucin genes located 
on at least three different chromosomes. 

Posttranslational modifications: the diversity of 
0-glycan chains 

The wide diversity of carbohydrate chains 

Mucin oligosaccharides are joined to the protein core 
through N-acetylgalactosamine (GalNAc) in an 
a-0-glycosidic linkage to the hydroxyl oxygen of 
serine or threonine [41, 42]: they correspond to 0-
glycans. In addition to GalNAc, fucose (Fuc), galactose 
(Gal), N-acetylglucosamine (GlcNAc) and N
acetylneuraminic acid (NeuAc) are also found in 
mucins. Human respiratory mucins may also contain 
sulphate group and a small quantity of mannose (Man) 
[11]. No uronic acid is found in mucins [1]. 

Although five types of monosaccharide residues are 
commonly found in respiratory mucins (and in most 
mucins), the biosynthetic assemblage leads to a wide 
spectrum of oligosaccharide structures, varying in 
composition, length, branching and acidity [42, 43]. 
This broad diversity has been a tremendous obstacle to 
the structural elucidation of the carbohydrate chains of 
human respiratory mucins. 

During the seventies, structure analysis of 
oligosaccharides was time- and material-consuming. 
Due to the large amount of mucins required to purify 
a few micrograms of a given oligosaccharide, most of 
the structural studies have been performed with pools 
of mucins (secreted by blood group 0 patients suffer
ing from chronic bronchial hypersecretion, either cystic 
fibrosis or chronic bronchitis). 

However, major progress has been made within the 
last ten years with the application of modern high 
performance liquid chromatography (HPLC) for the 
isolation of purified oligosaccharides and the develop
ment of gas chromatography-mass spectrometry 
(GC-MS), high resolution proton nuclear magnetic 
resonance spectroscopy (1H-NMR) and fast atom 
bombardment mass spectrometry (FAB-MS) for the 
structure elucidation. 

No endo-N-acetylgalactosaminidase capable of 
removing all carbohydrate chains from the peptides 
exists, except endo-N-acetylgalactosaminidase from 
Streptococcus pneumoniae, the action of which on 
respiratory mucins is very limited [8]. Therefore, the 
only method available to release oligosaccharides 
from the peptide core (even if the release is not 
complete) is reductive alkaline cleavage, which produces 

a mixture of oligosaccharide-alditols and glycopeptides 
[42, 43]. 

This mixture can then be fractionated by ion
exchange chromatography according to acidity and four 
pools of oligosaccharide-alditols are obtained, one 
consisting of neutral oligosaccharide-alditols, another of 
sialylated oligosaccharide-alditols and two pools of 
sulphated oligosaccharide-alditols [42, 43). Each 
fraction can be subdivided according to molecular size 
by gel-filtration chromatography into three subfractions 
leading to a total of 12 subfractions ranging in size 
from 1-20 sugar-residues. 

Only three subtractions (two neutral and the small
est sialylated fraction) have been extensively studied so 
far. These three subfractions have been treated by 
several steps of HPLC and the structure of the purified 
oligosaccharides-alditols determined by a combination of 
sugar analysis, 1H-NMR spectroscopy and GC-MS. 
Tremendous heterogeneity of structure has been 
observed [ 42-48] which might have been due to 
differences in carbohydrate chains of the different in
dividual mucins contained in the pools. 

To rule out the possibility that different glycosylation 
genotypes (Lewis, Secretor System ... ) were responsible 
for the heterogeneity between the mucins of the differ
ent patients, the carbohydrate chains from the respira
tory mucins of a single patient suffering from 
bronchiectasis were prepared: marked heterogeneity 
was also found and at least 80 different carbohydrate 
structures have been observed in the three subfractions 
studied so far [ 49-53]. These three subfractions make 
up only about 20% of the entire carbohydrate chains. 

Therefore, one may deduce that the respiratory 
mucins of a single individual may contain several 
hundred different carbohydrate chains. 

Carbohydrate-peptide linkage and cores of carbohydrate 
chains 

The only structural element shared by all respiratory 
mucin carbohydrate chains is the GalNAc linked to the 
peptide. 

Mucin oligosaccharides are initiated by the action of 
a very specific enzyme, UDP-GalNAc-polypeptide-a-N
acetylgalactosaminyl-transferase, on the apomucins [54]. 
The exact intracellular localization of the addition of the 
first GalNAc residues on the respiratory apomucins is 
still unknown. 

The linkage GalNAc and the sugar(s) directly 
attached to it constitute the core region of the mucin 
oligosaccharides [55]. This GalNAc can be substituted 
on C3 hydroxyl either by a Gal~(1-3) or a GlcNAcf3 
(1-3) to give, respectively, core 1 and core 3 (cores 
have been numbered according to the sequence of their 
discovery [54, 55}). Addition of GlcNAc in {3(1-6) 
linkage to core 1 and core 3 produces two other cores, 
core 2 and 4 (fig. 4). Two more cores can be 
obtained by substituting the GalNAc residue of 
cores 1 and 2 by N-acetylneuraminic acid in a2-6 
linkage. 
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Fig 4. - Schematic representation of 0-glycans, i.e. carbohydrate chains 0-glycosidically linked to human respiratory peptide by linkages involving 
N-acetylgalactosamine (GaN) and hydoxyamino acid (serine (Ser) or threonine (Thr)). Each carbohydrate chain can be described with a core, a 
backbone and a periphery. 

These six different cores which result from the 
action of several glycosyltransferases can be found in 
the different oligosaccharides of the mucins secreted by 
a single individual (49-53]. 

Carbohydrate chains elongation 

The synthesis of the backbones of the different 
carbohydrate chains results from the action of succes
sive glycosyltransferases allowing the transfer of 
galactose or N-acetylglucosamine into a determined 
position and anomeric linkage. Respiratory mucin car
bohydrate backbones are made of disaccharides formed 
by alternating galactose and N-acetylglucosamine 
residues, always ~-linked, with two types of linkages: 
Gal~1-3 GlcNAc (type 1 disaccharide) or Gal~1-4 
GlcNAc (type 2 disaccharide) [54]. 

During elongation of the carbohydrate chains, these 
two disaccharide units can start from each of the cores 
or be linked ~1-3 and/or ~1-6 on a more internal 
galactose residue of the backbone to give branched or 
linear backbone structures (fig. 4). 

The periphery of carbohydrate chains 

The periphery of the respiratory mucin oligosaccha
ride chains is characterized by the presence of sugars 
such as Fuc, Gal, GalNAc, NeuAc, always in a 
anomeric configuration. Sulphate can also occur in the 
periphery [56, 57]. These sugars added by different 
glycosyltranferases, genetically controlled, may confer 
blood group antigenic activities to the mucin (ABH, 
Secretor, Lewis ... ) [54, 58, 59]. The resulting blood 
group antigenic structures found in respiratory mucins 
are listed in figure 5. 

Type 1 chain Type 2 chain 

G/ 
Gn- G--Gn-

Gn- H G-Gn- H 
~/ i 
i F 
F 

F"""Gn- Lewis a G-pn- X 
G/ I 

I 

F 
F ...... Gn- Lewis b G-Gn- y 
G/ i 

_.l· 

FF 
F 

~-Gn- Sialyi-X 
I • 
• I 

NeuAc F 
Gn- A .G-Gn- A 

G/ GaN,... i 
GaN·····~ F 

F 

Gn- B .. G-Gn- B 
G/ G··· : 

i 
G,...i F 

F 

Fig. 5. - Different types of peripheral regions that have been 
identified so far in 0-glycans from human respiratory mucins. GaN, 
On and G correspond to N-acetylgalactosamine, N-acetylglucosamine 
and galactose, respectively; F: fucose; NeuAc: N-acetyloeuraminic acid. 
Glycosidic linkages are represented as follows: I "' 1-3 linkage 
(or 2-3 in the case of NeuAc}; - = 1-4 linkage; \ = 1-6 linkage; I = 
1-2 linkage; solid lines correspond to ~ linkage and dashed lines to a 
linkages. 
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Recently, oligosaccharides containing fucose residues 
linked al-2 to the galactose of a type 2 disaccharide 
in an internal position in the backbone have been 
isolated: these fucose residues are responsible for new 
str.1ctures called "internal H" (53]. 

Numerous carbohydrate chains carry acidic groups, 
either neuraminic acid or sulphate, responsible for the 
polyanionic character of mucins. 

Different types of structures have already been 
identified where sialic acid is linked either to the N
acetylgalactosamine of the carbohydrate-peptide linkage 
or to a terminal galactose: 

i) NeuAca2-6GalNAc-peptide 
ii) NeuAca2-3 Gal~1-<3GalNAc-peptide 

(sialylated core 1) 
iii) NeuAca2-3 Gal~1-4GlcNAc-R 
iv) NeuAca2-6 Gal~l-4GlcNAc-R 
v) NeuAca2-3 Gal~1-4(Fuca1<3)GlcNAc-R 

This last structure is a well-known antigenic activity 
(fig. 5). 

Some sulphated carbohydrate chains have been iden
tified where sulphate groups are attached to galactose 
residues, either in 3 [57] or in 6 [56]. The simultane
ous presence of sulphate and sialic acid on the same 
chains have not yet been reported. 

In addition to the hundreds of 0-glycans chains 
contained in respiratory mucins, one should note the 
possible occurrence of a few N-glycans. Low amounts 
of mannose, a sugar residue found in N-glycans, are 
frequently observed in the chemical composition of 
human respiratory mucins [11]. Due to the difficulties 
encountered in purifying mucins, this mannose has often 
been attributed to contamination of mucins by N-linked 
glycoproteins. However, the recent discovery of 
possible sites of attachment for N-glycans in the amino 
acid sequence deduced from apomucin cDNAs [27, 33), 
suggests that N-glycosylation may also occur in 
respiratory mucins, although to a small extent. 

Finally, one should stress that only a small part of 
the oligosaccharides has been identified so far and that 
each oligosaccharide from the backbone may be 
substituted in many ways. Therefore, one can easily 
imagine that there are certainly hundreds of different 
carbohydrate chains in human respiratory mucins. 

The reasons for this remarkable heterogeneity of 
carbohydrate chains in respiratory mucins are puzzling. 
A first explanation would be that it results from dif
ferences in glycosyltransferase activities or sugar nu
cleotide availability from cell to cell. There might be 
differences in glycosyltransferases expression from one 
mucin secreting cell to another. This is true for 
sialylation: limulin which recognizes some sialylated 
structures has more affinity for the goblet cells than for 
the mucous glands [3]. 

Mucin speclficity and pathological status 

So far, all the studies of mucin chains have been 
performed with mucins secreted by patients suffering 
from various bronchial disorders. 

Information on the oligosaccharides of "normal 
mucins" is very limited. Glycopeptides obtained from 
bronchial lavages performed in normal areas of the 
respiratory tree were slightly heterogeneous with regard 
to acidity and mainly, but not solely, sialylated [60]. 

The diversity of carbohydrate chains has been 
observed in mucins obtained from various patients 
suffering from cystic fibrosis [ 42, 45-48], chronic 
bronchitis (43, 44) or bronchiectasis [49-53] and, as 
already mentioned, this diversity is most probably a 
general feature of human respiratory mucins. 

When mucins from patients with different diseases 
were compared, those from patients with cystic fibrosis 
appeared to be shorter molecules and relatively more 
sulphated (61]. However, at the present time, 
our knowledge of carbohydrate chains is still very 
limited and the possibility of subtle but specific 
modifications of mucin glycosylation in certain diseases 
is open. 

The mucins contained in bronchogenic cysts represent 
interesting cases. The chemical composition of several 
of them has been studied [62] and large variations have 
been observed. In some cysts, mucins were neutral or 
highly sialylated; in others, they were highly sulphated 
and the extent of sulphation may be much higher than 
is observed for secreted mucins obtained from 
sputum. Moreover, the N-acetylglucosamine/N-acetyl
galactosamine ratio may be very different from secreted 
bronchial mucins and this is also true for the amino 
acid content (there may be more serine than threonine). 
These observations raise the question of the synthesis 
of oligoclonal populations of mucins in certain cysts. 

Searching for the biological roles of respiratory 
mucins 

The main feature of the mucins is their extraordinary 
diversity, at the carbohydrate and at the peptide levels. 
They are usually considered as high molecular weight 
glycoproteins but recent studies in guinea-pig tend to 
suggest that some mucins might have lower molecular 
weight (63]. 

Mucins contain hydrophobic and hydrophilic parts. 
They may be uncharged or polyanionic. Their diversity 
might facilitate all sorts of molecular interactions with 
other mucous components, with inhaled particles or 
microorganisms; why not with cilia? 

The sites recognized by surface adhesins or 
haemagglutinins of microorganisms are frequently 
carbohydrates. When expressed on the surface of host 
cells, they are possible sites of attachment and coloni
zation for these microorganisms (64-73]. Several 
potential carbohydrate sites, analogous with mucin 
carbohydrate chains, have been identified for different 
microorganisms, such as Mycoplasma pneumoniae 
[70-72), Streptococcus pneumoniae [68], 
Pseudomonas aeruginosa [69), influenza viruses (73] 
and a variety of E. coli (67] adhesins. 

In human respiratory mucins the multiple carbohy
drate chains that cover mucin molecules may also 
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represent a mosaic of potential sites for the attachment 
of bacteria and viruses, allowing their trapping on the 
mucus blanket and their removal by mucociliary clear
ance. Recent studies have, for instance, characterized 
carbohydrate chains responsible for the attachment of 
Pseudomonas aeruginosa [69) and differences in 
adhesion between mucin glycopeptides from different 
patients [74). Therefore, the diversity of mucin carbo
hydrate chains most probably play an important role in 
the defence of the respiratory mucosa. If so, the 
chemical study of respiratory mucins might pave the 
way for new strategies against respiratory infection. 

Mucins may interact with other molecules of the 
mucus: lipids [18), proteins such as lysozyme [75) or 
mucus protease inhibitor (76] are frequently strongly 
bound to mucins, although through non-covalent but 
still strong interactions. The results of these interactions 
are probably very important for the rheological proper
ties of the mucus and the efficiency of the mucociliary 
system, and also for the protection and life-time of 
some of these molecules. 

Mucins may also interact with exogeneous molecules. 
They may be useful to eliminate inhaled particles. 
However, acidic mucins (and nucleic acids abundant in 
cystic fibrosis sputum) may bind aminoglycosides and, 
to a certain extent, block their antibiotic properties on 
bacteria [77). 

Finally, one may wonder if carbohydrate chains of 
mucins interact with cilia and play a role in the efficacy 
of the ciliary beating. 
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