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Abstract 

A trypsin-sensitive 200-kDa protein has been reported to be exclusively associated with haemagglutinating isolates of 
Moraxella (Branhamella) catarrhalis. Transmission electron microscopy studies revealed that haemagglutination by M. 
catarrhalis to both human and rabbit erythrocytes was mediated by a trypsin-sensitive outer fibrillar coat. This fibrillar layer 
was absent on non-haemagglutinating isolates examined. Immuno-electron microscopy, using a polyclonal antiserum 
containing antibodies to the 200-kDa protein as a probe, showed that the 200-kDa protein is present on the outer fibrillar layer 
of the bacterium. These findings suggest that the haemagglutinin of M. catarrhalis is a 200-kDa protein present on the outer 
fibrillar coat. 0 1999 IFederation of European Microbiological Societies. Published by Elsevier Science B.V. All rights 
reserved. 
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1. Introduction 

In recent years Moraxella (Branhamella) catarrha- 

lis has been increasingly recognised as an important 
human pathogen, bei.ng previously dismissed as a 
commensal of the oro-nasopharyngeal tract [l]. In 
its pathogenic role, A4. catarrhalis mainly affects 
the respiratory tract, particularly the bronchopulmo- 
nary tree, middle ear and sinuses. After Haemophilus 

influenzae and Streptococcus pneumoniae, M. catar- 

rhalis is now reported as the third most common 
causative agent in lower respiratory tract infections 

in the elderly [2-51 and in both acute otitis media 
[6-Q and sinusitis [9-121 in children. Sporadic cases 
of bacteraemia [ 131. meningitis [ 14,151, endocarditis 
[ 161, pericarditis [ 171, life-threatening tracheitis [ 181 
and acute epiglottitis [19] due to the organism have 
also been reported. 

The emergence of M. catarrhalis as an important 
human pathogen has prompted researchers to inves- 
tigate the virulence mechanisms utilised by the or- 
g&ism and therefore elucidate the pathogenesis of 

M. catarrhalis infection. Bacterial adherence to mu- 
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cosal surfaces is an important first step in the patho- 
genesis of many infectious diseases [20]. It has been 
found that M. caturrhulis adheres to human oro- 
pharyngeal cells and to erythrocytes. Studies have 
established that the haemagglutinin is a trypsin-sen- 
sitive protein [21,22] and is associated with tracheal 
cell adherence [21]. Two phenotypes of the haemag- 
glutinin have been identified, phenotype I isolates 

agglutinate human erythrocytes only, while pheno- 
type II isolates agglutinate both human and rabbit 

erythrocytes [22]. A 200-kDa protein has been found 
to be associated with haemagglutinating isolates of 
M. cutarrhulis, with evidence suggesting that this 
protein is a haemagglutinin of the organism [23]. 

2. Materials and methods 

2.1. Bucteriul isolutes und growth conditions 

A number of investigations have used electron mi- 
croscopy studies, in order to examine both the in vivo 
and in vitro expression of surface structures by M. 
cuturrhulis. Fimbriae have been demonstrated on iso- 
lates of A4. cuturrhulis. However, the role these fila- 

mentous appendages play in the adherence of the 
organism to erythrocytes and human oropharyngeal 

cells remains unresolved [24&26]. In a study of 24 
fresh clinical isolates of M. caturrhulis by electron 
microscopy, it was observed that in strains with a 
higher haemagglutination titre the number of fim- 
briae was significantly (P < 0.04) more than in strains 
with a lower haemagglutination titre [26]. However, 
the findings of other investigations challenge the sig- 
nificance of the above observations, as no difference 
in haemagglutination capacity between fimbriate and 
non-fimbriate isolates of M. cutarrhulis has also been 

reported [24]. Thus, it would appear that both fimb- 
rial and non-fimbrial adhesins are present on A4. cu- 

tarrhalis isolates. To date, there are no studies on the 

possible characteristics of the non-fimbrial adhesins 
of M. caturrhtrlis. In this present study transmission 
electron microscopy (TEM) studies were employed to 
elucidate further the nature of the interactions in- 
volved in haemagglutination by M. cutarrhulis. 

Haemagglutinating (B4, K29, K38, K48, S407 and 
S580) and non-haemagglutinating (21 and K16) iso- 
lates of M. cuturrhalis were examined. Two of three 
haemagglutination phenotypes of isolate K48 (W 
and Y) were used in this study, these phenotypes 

were described in a previous study [23]. All the M. 
cuturrhalis isolates were obtained from a collection 
acquired during a study of the epidemiological as- 
pects of M. caturrhulis infection and colonisation 
[27]. Isolates were identified according to the criteria 
previously outlined [28] and were stored at -70°C 
using the Protect Bead System (Technical Service 
Consultants). Prior to all tests isolates were grown 
on Columbia blood agar at 37°C for 18 h. 

2.2. TEM studies of bucteriu 

Bacterial suspensions of three haemagglutinating 
isolates (K29, K48 and S407) and one non-haemag- 
glutinating isolate (21) were examined by TEM. The 
suspensions consisting of 1.5 X log cfu ml-’ (equiva- 
lent to a MacFarland No. 5 turbidity standard) were 
prepared in l-ml amounts of sterile distilled water 
and were washed twice. The bacterial pellets were 
fixed as previously described [29]. 

Isolates (21, K29, K48 and S407) of M. caturrhalis 
were treated with 2 mg trypsin ml-’ (Sigma, Cata- 

logue No. T 8003) and isolate K29 was also treated 
with 2 mg pronase ml-’ (Sigma, Catalogue No. P 
6911), at 37°C for 2 h, prior to TEM. Following 

washing, the pellets were prepared and fixed for 
TEM as previously described [29]. The sections 
were cut on a LKB Bromma Ultratome III and ex- 
amined in an Hitachi H-7100 electron microscope. 

1.1. Aims of stud2 
2.3. Trunsniission electron microscopq~ qf 

huernuggh~tir~ation 

The aims of this study were: (i) to determine the The nature of the interactions occurring when M. 
nature of the interactions between M. caturrhulis and cutarrhalis adheres to both human and rabbit eryth- 
both human and rabbit erythrocytes by TEM, and rocytes was examined by TEM. Phenotype 1 isolates 
(ii) to use immuno-electron microscopy to identify S407, B4, K29, and phenotype 11 isolates K38 and 
the structures on M. cuturrhulis which are associated S580 which were haemagglutinating with human 
with the 200-kDa protein. erythrocytes were examined by TEM. Additionally, 
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phenotype II isolates (K38 and SSSO) which were 

haemagglutinating with rabbit erythrocytes were 
also examined by TEM. A bacterial suspension 
(500 pl of 5 x 1O’O cfu ml-‘) was added to 500 pl 
of a 3% (v/v) suspension of human group 0 eryth- 
rocytes. The mixture was allowed stand at room tem- 
perature for 5 min. The agglutinated cells were pel- 

leted at 200 xg for 2 min. The deposit was fixed as 
previously described [29]. 

2.4. Immune-electron microscopy 

Bacterial cells of Al. catarrhalis (isolates 21, B4, 
K16, K48 [phenotypes W and Y], S109, S407 and 
SSSO) from overnight cultures on Columbia blood 
agar plates were suspended in Dulbecco A PBS 
(PBS-A) at a concentration of 1.5 X log cfu ml-’ 
(equivalent to a Macl’arland No, 5 turbidity stand- 
ard). Formvar-coated 200-mesh grids were floated 

film side down on these bacterial suspensions for 
60 s and blotted dry. The preparations were blocked 
for 15 min in 2% (w/v) skim milk (Difco) prepared in 

PBS-A, followed by five 1-min washes in PBS-A. The 
preparations were incubated with anti-S407 antise- 
ru m. diluted 1 in 500 in PBS-A for 30 min. This 

B 

antiserum had been raised to a protein extract of 

M. cutarrhalis and had been adsorbed with non-hae- 
magglutinating isolates of M. catarrhalis [23]. Fol- 
lowing incubation of the grid preparations with 
this antiserum, unbound antibodies were removed 
with five 1-min washes in PBS-A. This was followed 
by incubation for 30 min with gold (10 nm)-conju- 
gated goat anti-rabbit IgG (Sigma), diluted 1 in 20 in 
PBS-A. Unbound gold conjugate was removed by 
four 1-min washes in PBS-A, followed by two 

1-min washes in distilled water. The grids were blot- 
ted dry. Some grids were stained for 30 s using 1% 
sodium silicotungstate pH 7.1 (prepared in distilled 

water) and blotted dry. Preparations were viewed 
using an Hitachi H-7000 transmission electron mi- 
croscope. 

3. Results 

3.1. TEA4 observations of bacteria 

TEM studies were employed to investigate the sur- 

face structures on the haemagglutinating and non- 
haemagglutinating isolates of M. catarrhalis. On ex- 

Fig. 1. TEM of a haemagglutinating isolate of M. catarrhalis (K29). Note the presence of a diffuse outer fibrillar layer (indicated by ar- 

rows) and fimbriae-like structures (indicated by !) on the untreated preparation (A). The fibrillar layer was removed following trypsin 

treatment, but in the case of isolate K29 trypsin-resistant fimbria-like structures remained (indicated by !) (B). Pronase treatment of iso- 

late K29 resulted in the removal of these fimbria-like appendages (C). Bars, 100 nm. 
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amination of the haemagglutinating isolates (pheno- 
type I: K29, S407; phenotype II: K48) by TEM and 
irrespective of haemagglutination phenotype, a dif- 
fuse outer fibrillar layer was observed on these prep- 
arations. In addition to this fibrillar layer isolate K29 
also exhibited long strands protruding from the sur- 
face of the cells, which resembled fimbriae (Fig. 1A). 
When the three haemagglutinating isolates were 

treated with pronase and trypsin, the outer fibrillar 
layer was removed. However, in the case of isolate 
K29, the fimbrial-like structures remained following 
trypsin treatment (Fig. 1B). Pronase treatment of 
K29 resulted in the removal both of these fimbria- 
like structures and the outer fibrillar layer (Fig. 1C). 
Haemagglutinating activity of isolate K29 was also 
lost following pronase treatment. 

The outer fibrillar layer observed on the haemag- 
glutinating isolates of A4. catarrhalis was absent 
when the non-haemagglutinating isolate (21) was ex- 
amined by TEM (Fig. 2). However, spicule-like 

structures were observed on the surface of this iso- 
late. Evidence suggests that these structures may play 
a role in the adherence of the organism to HEp-2 
cells (M. Fitzgerald, unpublished observations). 

3.2. TEM of haemagglutination 

Fig. 2. TEM of a non-haemagglutinating isolate of M. catarrhulis 

(21). Note the absence of the diffuse outer fibrillar type coat. but 

the presence of spicule-like structures on the cell surface (indi- 

cated by arrows). Bar. 100 nm. 

TEM studies were also employed to investigate the 
nature of the interactions occurring when M. catar- 

rhalis adheres to both human and rabbit erythro- 

cytes. 
Adherence of isolate S580 to both human and 

rabbit erythrocytes appeared to involve the diffuse 
outer fibrillar layer, with relatively close cell-surface 
interactions occurring. Fimbrial involvement was not 
apparent (Fig. 3A,B). 

compared it was observed that the outer fibrillar coat 
on isolate K29 was removed following trypsin treat- 
ment, while the fimbria-like structure were retained. 

These observations are in agreement with the obser- 
vations made on examining Fig. lA,B. 

3.3. Immuno-electron microscopy 

Adherence of isolate K29 to human erythrocytes The antiserum to the protein extract of M. catar- 

also involved the outer fibrillar layer. An extremely rhalis (isolate S407) from which antibodies other 

dense layer was observed in the haemagglutinating than those to the 200-kDa protein had been ad- 

bacteria of this isolate and this layer appeared to be sorbed [23] was used in immuno-electron microscopy 

involved in the attachment of the organism to hu- to pinpoint where on the bacterial cell this protein 

man erythrocytes (Fig. 4A). Haemagglutination by lies. Immuno-electron microscopy demonstrated that 

K29 was not abolished following trypsin treatment gold particles attached to the bacterial cell surface 

[22] and when this interaction was examined by (isolate S407) and negative staining of this prepara- 

TEM, the trypsin-resistant fimbria-like structures tion definitively illustrated that this attachment was 

commented on above, appeared to mediate attach- to the outer fibrillar layer of M. catarrhalis (Fig. 5). 
ment of the trypsin-treated isolate K29 to human Very weak reactions were observed when isolate 
erythrocytes (Fig. 4B). When Figs. 4A and 4B were S407 was treated with antiserum from which anti- 
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Fig. 3. TEM of A4 catarrhalis isolate S580 adhering to human erythrocytes (A) and rabbit erythrocytes (B). Note the involvement of the 

bacterium’s diffuse outer fibrillar coat in the attachment of the organism to both erythrocyte types, indicated by arrows. Bars. 100 nm. 

bodies specific for the 200-kDa protein had been 
adsorbed. Additionally, when the adsorbed antise- 
rum which contained antibodies to the 200-kDa pro- 
tein was examined with non-haemagglutinating iso- 
lates (21, K16) by immuno-electron microscopy, very 
weak or negligible i:nteractions were observed (Fig. 
6) emphasising yet iagain the specificity of the 200- 
kDa protein for haemagglutinating isolates of M. 

catarrhalis. 

4. Discussion 

To support furthler the association between the 
presence of the 200,-kDa protein and positive hae- 
magglutination, two haemagglutination phenotypes 
of isolate K48 (phenotypes W and Y) were probed 
with the adsorbed antiserum, which contained anti- 
bodies to the 200-ItDa protein and examined by 
immuno-electron m:icroscopy. Many gold particles 
were observed attaching to the strongly haemagglu- 
tinating phenotype W isolate, but the number 
of gold particles attaching to the weakly haemagglu- 

tinating phenotype Y isolate was reduced (Fig. 
7A,B). 

In the present study, the TEM examination of M. 
catarrhalis adhering to both human and rabbit eryth- 
rocytes revealed that attachment was mediated by a 
diffuse outer fibrillar coat. In the 1974 edition of 

Bergey’s Manual of Determinative Bacteriology, 
this outer fibrillar layer-like structure was described 

as a capsule [30]. The outer fibrillar layer was evident 
on all the haemagglutinating isolates examined but 
was absent in the non-haemagglutinating isolates. 
Trypsin treatment of bacteria prior to TEM exami- 
nation resulted in the removal of the outer fibrillar 
layer on haemagglutinating isolates of M. catarrha- 

lis, indicating that this structure is protein in nature. 
Trypsin treatment of haemagglutinating isolates of 
A4. catarrhalis had previously been shown to render 
the bacterial cells non-haemagglutinating [21,22]. 
Thus, the removal of the outer fibrillar layer follow- 
ing trypsin treatment provides further evidence of its 
role in haemagglutination by M. catarrhalis. 

The authors wish. to stress that the figures pre- Fimbrial involvement was not evident in either the 

sented in this article are typical representatives of M. catarrhalis-human erythrocyte interactions (ex- 
all the fields of view examined in the TEM studies ception isolate K29) or in the M. catarrhalis-rabbit 

undertaken. erythrocyte interactions. Currently, there is much un- 
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Fig. 4. TEM of M. catarrbalis isolate K29 adhering to human erythrocytes. A distinctive dense outer fibrillar layer present on the un- 

treated bacteria appeared 1.0 be involved in adherence, indicated by arrows (A). This layer was dramatically reduced following trypsin 

treatment, but instead the trypsin-resistant fimbria-like structures appeared to mediate attachment to human erythrocytes, indicated by ar- 

rows (B). Bars, 100 nm. 
t 

certainty regarding thle role fimbriae play in haemag- 
glutination by M. catarrhalis. In one study, it was 
observed that strains with a high haemagglutination 
titre were associated with more fimbriae than strains 
with a low titre [26]. In that investigation, it was 
noted that continuous subculture of fresh clinical 
isolates reduced the level of fimbriation. However, 
the author failed to comment on the haemagglutina- 

tion status of these isolates following continuous 
subculture. In the present study fresh clinical isolates 

were not used and, yet, no reduction in haemagglu- 
tinating activity following repeated subculture was 

observed. Additionally, in a separate study, it was 
observed that all fimbriated strains did not induce 
haemagglutination [2.4]. Thus, it is possible that 
both fimbrial and non-fimbrial haemagglutinins 

Fig. 5. Immune-electron microscopy of M. catarrhalis (S407) 

shows gold particles attaching to the outer fibrillar layer. Isolate 

S407 had been incubated in antiserum (l/500), from which anti- 

bodies other than those recognising epitopes on the 200-kDa pro- 

tein had been adsorbed. The preparation was then probed with 

gold-labelled goat anti-rabbit-gold IgG conjugate (10 nm), fol- 

lowed by negative staining with 1% sodium silicotungstate. Bar. 

100 nm. 

may be found on M. catarrhalis. In the present in- 
vestigation, TEM observations of isolate K29 lend 

support to this hypothesis. It had been previously 
established that trypsin pre-treatment of isolate 
K29 was ineffective in abolishing haemagglutination, 

whereas pronase treatment of the isolate did abolish 
haemagglutination [22]. TEM studies of K29 re- 
vealed that haemagglutination with human erythro- 
cytes was mediated by both a diffuse outer fibrillar 
layer and trypsin-resistant fimbria-like structures, 
thereby supporting the hypothesis that both fimbrial 

and non-fimbrial haemagglutinins play a role in hae- 
magglutination by M. catarrhalis. 

A previous study found that a 200-kDa trypsin- 
sensitive protein was associated exclusively with hae- 
magglutinating isolates of M. catarrhalis [23]. Using 
the polyclonal antiserum from which antibodies oth- 
er than those recognising epitopes on the 200-kDa 
protein had been adsorbed, it was established by 

Fig. 6. Immune-electron microscopy of M. catarrhalis (21) shows 

very few gold particles attaching to the outer layer of the bacte- 

rium. The non-haemagglutinating isolate (21) had been incubated 

in adsorbed antiserum which contained antibodies to the 200- 

kDa protein (l/500). followed by probing with gold-labelled goat 

anti-rabbit IgG conjugate (10 nm). Bar. 100 nm. 
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Fig. 7. Immune-electron microscopy of haemagglutinating phenotypes W and Y of isolate K48. Both phenotypes had been incubated in 

the adsorbed antiserum, from which antibodies other than those recognising epitopes on the 200-kDa protein (l/500) had been removed. 

The preparation was then probed with gold&belled goat anti-rabbit IgG conjugate (10 nm). Note the presence of many gold particles at- 

taching to the outer fibrillar layer extending outwards from the cell surface of the strongly haemagglutinating phenotype W (A). The level 

of gold particle attachment was reduced in the weakly haemagglutinating phenotype Y (B). Bars, 100 nm. 

immunoblot analysis that the 200-kDa protein was 
surface expressed 1231. In this present study immuno- 
electron microscopy utilising this antiserum estab- 

lished that the 200-kDa protein lies in the outer fi- 
brillar layer of M. catarrhalis. 

The former observation once more highlights the 
strong association between the 200-kDa protein and 
the presence of haemagglutinins on M. catarrhafis. 

Earlier in this study it had been shown that the outer 
fibrillar layer present on haemagglutinating isolates 
of A4. catarrhalis was involved in the M. catarrhalis- 

erythrocyte interactions. The presence of the 200- 
kDa protein in this outer layer has now been dem- 

onstrated. 
Furthermore, it was found following immuno-elec- 

tron microscopy that numerous gold particles were 
seen to be attached to the outer fibrillar layer of the 
strongly haemagglutinating phenotype W of isolate 
K48, thereby showing the position and presence of 
the 200-kDa protein on this isolate. The number of 
gold particles seen attaching to the weakly haemag- 
glutinating phenotype Y was reduced. This indicated 
that expression of the 200-kDa protein in phenotype 
Y was reduced in comparison to phenotype W. This 
reduced expression of the 200-kDa protein in pheno- 

type Y corresponded with a reduced haemagglutina- 
tion titre. Consequently, these observations lend yet 
further support for the hypothesis that the 200-kDa 

protein is a haemagglutinin or part of the haemag- 
glutinin protein. 

In conclusion, attachment of AL catarrhalis to 
both human and rabbit erythrocytes was mediated 
by a trypsin-sensitive outer fibrillar layer. Immuno- 
electron microscopy studies revealed that the 200- 
kDa trypsin-sensitive haemagglutination-associated 
protein lies in the outer fibrillar layer of A4. catarrha- 

lis. Additionally, trypsin-resistant fimbria-like struc- 
tures present on isolate K29 also appeared to mediate 
attachment of this bacterium to human erythrocytes. 

Thus, haemagglutination by A4. catarrhalis appears 
to be mediated mainly by fibrillar structures, however 
fimbriae also appear to have a role. The elucidation 
of the fibrillar versus the fimbrial role in haemagglu- 
tination by M. catarrhalis requires further work. In 
this study different isolates were examined to charac- 
terise the haemagglutinin of M. catarrhalis. However, 
it would be appropriate to use isogenic variants of 
the same strain to further clarify the relative roles of 
the fibrillar and fimbrial structures in haemagglutina- 
tion by this microorganism. 
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4. I. Conclusions 

TEM studies revealled that haemagglutination of 

human and rabbit erythrocytes by M. catarrhalis iso- 
lates was mediated by a trypsin-sensitive outer fibril- 

lar coat. Immuno-electron microscopy studies indi- 
cated that the 2.00-kDa haemagglutination- 
associated-protein was present on this outer fibrillar 
coat. However, in one isolate of M. catarrhalis it was 
established that in addition to fibrillar mediated hae- 
magglutination, fimbrial mediated haemagglutina- 

tion was also observed. This finding suggests that 
both fibrillar and fimbrial structures are involved in 
haemagglutination by M. catarrhalis. 
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