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Jarp, J., W. Mamo and 8. Johne: Surface properties of Staphylococcus aureus 
strains isolated from caprine mastitis. Acta vet. scand. 1989, 30, 335-339. - A total 
of 53 Staphylococcus aureus strains isolated from caprine mastitis were tested for 
surface hydrophobicity, surface Protein A (SpA), and binding capacity of fibro
nectin, fibrinogen and type II collagen. Strong positive correlation was found be
tween surface hydrophobicity and SpA, and between surface hydrophobicity and 
12sI-fibronectin-binding. Regardless of hydrophobicity, the binding of fibrinogen 
was moderate and type II collagen binding was low. The results indicate that SpA 
and fibronectinbinding protein contribute to the high relative surface hydrophobi
city of S. aureus associated with caprine mastitis. 
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Introduction 
Staphylococcus aureus is the udder patho
gen most frequently isolated from cases of 
both caprine and bovine mastitis in Norway 
(Anon. 1983-1987). Surface proteins from S. 
aureus strains isolated from bovine mastitis 
have been extensively studied with regard to 
their significance for bacterial virulence 
(Kronvall et al. 1972, Kinsman et al. 1981, 
Jonsson et al. 1985, Froman et al. 1986, Ma
mo et al. 1987a). Special attention has been 
given to Protein A (SpA), which binds the Fe 
region of lgG from different mammalian 
species (Sjoquist et al. 1972, Forsgren et al. 
1983, Jonsson et al. 1985). Furthermore, 
bacterial surface proteins functioning as re
ceptors binding to mammalian matrix pro
teins such as fibronectin, fibrinogen and col
lagen, are also considered to play an im
portant role for bacterial adherence and co
lonization (Maxe et al. 1986, Mamo et al. 
1987b, Wadstrom et al. 1987). 

The aim of the present work was to study the 
occurrence of surface Protein A, and the 
binding capacity of fibronectin, fibrinogen 
and collagen on the bacterial surface, and 
the influence of these proteins on the surface 
properties of S. aureus strains isolated from 
caprine mastitis. 

Materials and methods 
Bacterial strains 
A total of 53 strains of S. aureus were isola
ted from caprine mastitis milk samples du
ring the period September-December, 1986. 
The strains were identified as S. aureus by 
standard biochemical reactions (Klastrup & 
Schmidt Madsen 1974, Kloos & Jergensen 
1985). Strains were stored in agar slants at 
4°C until testing. 

Protein A (SpA) assay 
The S. aureus strains were seeded on blood 
agar plates, incubated at 37°C for 18 h, and 
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suspended in phosphate buffered saline 
(PBS, 140 mmolll sodium chloride, 20 
mmolll sodium phosphate, pH 6.8) at con
centrations corresponding to OD600nm = 1.3, 
1.0 and 0.5. The agglutination test for SpA 
was performed using Dynabeads (Dynal 
A.S., Oslo, Norway) coated with IgG as de
scribed previously (Johne & Jarp 1988). The 
semi-quantitative assay was defined from 
described reference strains: Strong positive 
( + +) denotes agglutination equal to or 
stronger than S. aureus strain Cowan l 
(ATCC 12598) and the Norwegian field iso
late 3149-1. Weak positive ( + )denotes agg
lutination equal to S. aureus strains U 320 
(kindly provided by Dr. P. Jonsson, Jonsson 
& Wadstrom 1983, Jonsson et al. 1985). Ne
gative(-) denotes no agglutination or equal 
to the protein A negative S. aureus strain 
Wood 46 (ATCC 10832) and a coagulase ne
gative staphylococcus field strain 2999-4. 

Salt aggregation test (SAT) 
The test was performed as described by 
Jonsson & Wadstrom (1984) and modified 
by Rozgonyi et al. (1985). Bacteria were sub
cultured twice on bovine blood agar plates at 
37°C overnight, and suspended in PBS (pH 
6.8) to a concentration equivalent to 5 x 109 
CFU/ml. The test was performed on a Pha
debact® test paper (Pharmacia, Uppsala, 
Sweden). The final salt concentrations tested 
were 0.075 molll NaCl, and 0.1, 0.5, 1.0, 
and 1.5 molll (NH4)2S04, respectively. Sur
face hydrophobicity groups were defined as 
follows: Group I (low) showing aggregation 
with salt concentrations at or above 1.5 
molll, group 2 (intermediate) aggregating at 
salt concentrations between 0.1 molll and 
1.5 moll! and group 3 (high hydrophobicity, 
auto-aggregating strains) aggregating in 
0.075 moll! NaCl or less than 0.1 moll! 
(NH4)2S04. The salt/bacteria suspensions 
were agitated by gentle rocking. The lowest 

Acta vet. scand. vol. 30 no. 3 • J 989 

salt concentrations in which aggregation oc
curred was taken as the SAT-value (Lindahl 
et al. 1981). 

Binding assay for fibronectin, jibrinogen 
and collagen 
Bacteria were grown in Trypticase Soy Broth 
(Difeo Laboratories, Detroit, Ml, USA) 
with slow agitation overnight at 37°C. After 
centrifugation (3,000 xg, 10 min), the pelle
ted bacteria were washed twice with PBS 
containing 0.02% sodium azide (pH 7 .4). 
The absorbance of each strain was adjusted 
to a standard of 20 at 540 nm, corresponding 
to 109 CFU/ml. The assay was performed es
sentially as previously described by Froman 
et al. (1984). A suspension of 100 µl bacteria 
was mixed with 100 µl 1251-labelled fibronec
tin, fibrinogen or collagen, and added with 3 
ml PBS containing 0.1 OJo Tween 80 (Sigma 
Chemicals Company, St. Louis, MO, USA) 
to decrease unspecific interaction. Human 
plasma fibronectin was purified by affinity 
chromatography on gelatin-sepharose 
(Vuento & Vaheri 1979) employing the mo
dification by Miekka et al. (1982). Human 
fibrinogen was obtained from Kabi, Stock
holm. Highly purified type II collagen from 
rat was a gift from Dr. K. Rubin, Biomedi
cum, Uppsala, Sweden. The specific activity 
of 12s1.Jabelled fibronectin, fibrinogen, and 
collagen was 0.36 MBq/µg , 0.33 MBq/µg, 
and 1.3 MBq/µg, respectively. The mixtures 
were incubated end-over-end at room tem
perature for 2 h, after which they were cen
trifuged at 1300 xg for 30 min. After careful 
aspiration of the supernatant, the radioacti
vity in the pellets was measured in a Gamma 
Counter (LKB Wallac Clingamma, 1272 
Turku, Finland). Control strains were S. au
reus Cowan I ( = 100%) for fibronectin and 
type II collagen binding, and S. aureus New
man (ATCC 13429) ( = 10011/o) for fibrinogen 
binding. S. aureus Wood 46 (protein A defi
cient) served as negative control in the assay. 
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Table I. Frequency distribution of 53 caprine S. au-
reus strains according to hydrophobicity (SAT) and 
Protein A (SpA)-values. 

SAT-values 

SpA-values 2 3 Total 

0 5 0 5 
+ 3 5 3 II 

++ 7 29 37 

Total 4 17 32 53 

Results 
Of the 53 caprine S. aureus strains, 48 (90%) 
were classified as SpA positive (Table 1). 
Strong correlation (p<0.001) was found 
between SpA-content and surface hydrop
hobicity in a chi-square test when comparing 
high (group 3 versus group + + ) and low 
(groups 1 & 2 versus groups - & + ) values. 
Fibronectin binding was high (up to 67%), 
while binding of type I I collagen was low 
(only 9%) compared to the reference strain 
Cowan 1 (Table 2). Fibrinogen binding ca
pacity was moderate (up to 360Jo) compared 
to the reference strain Newman. The binding 
tests showed increased fibronectin binding 
capacity in the highly hydrophobic auto-ag
gregating strains (SAT-group 3), whereas fi
brinogen and type II collagen binding was 

Table 2. Binding of 12s1 fibronectin, lli( fibrinogen 
and m 1 collagen type II to 53 caprine S. aureus 
strains in relation to Salt Aggregation Test (SAT) 
groups. 

12s1-labelled proteins 

SAT N• Fibronectin Fibrinogen Collagen 
group 

I 4 37.7±14.Sb 36.2±23.0 10.3±2.6 
2 17 53.0±40.2 29.8±22.2 9.9±3.0 
3 32 67.2±49.4 36.8±17.7 8.9±4.9 

a N = number of S. aureu.s strains tested 
b Relative percentage binding of '"I-labelled proteins 
(means and standard deviations). 

constant between the different hydrophobi
city groups. 

Discussion 
High surface hydrophobicity (60% auto-ag
gregating strains) of S. aureus isolated from 
caprine mastitis corresponds well with pre
vious studies on S. aureus from bovine ma
stit is (Johnsson & Wadstrom 1984). Highly 
hydrophobic strains showed high fibronec
tin binding. Furthermore, strong correlation 
was found between high surface protein con
tent, as expressed by high hydrophobicity in 
the salting-out test (Johsson & Wadstrom 
1983, Jonsson & Wadstrom 1984) and high 
SpA expression as measured in the Dyna
beads agglutination test (Johne & Jarp 
1988). Type II collagen-binding was, howe
ver, much lower among caprine strains com
pared to bovine mastitis S. aureus strains 
(Mamo et al. 1988), while binding of fibrino
gen was higher. This may be due to the exi
stence of only few collagen-binding sites on 
caprine S. aureus strains. The high-fibrino
gen binding is possibly due to abundant pre
sence of a clumping factor (CF) interacting 
with fibrinogen (Jeljaszewiczetal. 1983). Fi
bronectin binding showed high variability 
among caprine S. aureus strains, compared 
to binding of fibrinogen and type II colla
gen. This has also been observed in strepto
cocci isolated from bovine mastitis (Mamo 
et al. 1987b). Recently it has been pointed 
out that the fibronectin receptor may be a 
potential factor for adhesion of staphylo
cocci to damaged host tissue (Jonsson & 
Wadstrom 1983, Froman et al. 1986, Maxe 
et al. 1986, Wadstrom et al. 1987). It has also 
been shown that the fibronectin receptor is a 
specific surface molecule with defined struc
ture separate from the protein A complex 
(Froman et al. 1986). 
Thus the results of the present study on S. 
aureus strains isolated from caprine mastitis 
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indicate that both SpA as well as fibronectin 
binding protein are important surface pro
teins contributing to the high relative surface 
hydrophobicity of these isolates. The role of 
these surface proteins, and the related surfa
ce properties, as virulence determinants of S. 
aureus from caprine mastitis, remains to be 
investigated. 
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Samandrag 
Overflate-eigenskapar hjd Staphylococcus aureus 
isolert /rd mastitt hjd geit 
Totalt 53 stammar av Staphylococcus aureus frA ma
stitt hjA geit van testa for overflate-hydrofobisitet, 
for innhaldet av overflate-protein A (SpA) og for ev
nen til A binde fibronektin, fibrinogen og type II kol
lagen. Det vart pAvist sterk positiv korrelasjon mel
lom overflate-hydrofobisitet og SpA og mellom 
overflate-hydrofobisitet og binding av 1251-fibronek
tin hos bakteriane. Uavhengig av hydrofobisiteten 
var bindioga av fibrinogen moderat og bindioga av 
type II koUagen svak. Resultata iodikerer at SpA og 
fibronektinbindande protein bidreg ti! den relativt 
h0ge overflate-hydrofobisiteten hjfl S. aureus frfl 
mastitt hjfl geit . 
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