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Fibronectin and Teichoic Acid

Raza Aly and Steve Levit

cell-wall components of staphylococci that
fibronectin appears to be teichoic acid.

| The process by which 1 microorganisms bind to host
epithelial cells should be considered _the initiating
event for many infectious illnesses. Under predispos-
ing conditions the ability of bacteria to attach them-
selves to host tissue defines adherence. Thus adher-
ence proportionately influences the capacity of a
microorganism to colonize the mucosa [1, 2].

The current in vitro model, which utilizes isolated
epithelial cells and bacteria, most closely resembles
the in vivo situation. This model facilitates the study
of specific bacterial and host factors independently.

Bacteria vary in their ability to attach to epithe-
lial cells. Staphylococcus aureus, because it is the
commonest cause of posttraumatic skin and soft tis-
sue infections, has been the microorganism most of-
ten studied. It is not surprising that S. aureus seems
to have a very high binding capacity for epithelial
cells; this interaction will be discussed in greater de-

tail below. However, many of the various genera of
pathogens and resident microorganisms demonstrate
a preference for certain cell types. Streptococcus
salivarius and Streptococcus sanguis, resident organ-
isms found abundantly on oral epithelial surfaces,
display greatest affinity for these cells; in contrast,
Streptococcus mutans prefers the surfaces of teeth.
S. mutans manifests only feeble adherence to oral
epithelial cells and thus only appears in relatively
small numbers on these mucosal surfaces [1]. Fur-
thermore, Streptococcus pyogenes strains that pos-
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For bacteria to colonize mucosal surfaces, they must be able to attach to epithelial cells.

One of the most important factors in determining this attachment is bacterial adherence.

The preferential adherence of a bacteria to a particular tissue influences the site of infec-
tion and the virulence of the organism. The glycoprotein fibronectin mediates adhesion
~f the bacteria to eukaryotic cells. Recent investigations have revealed that the precise
locations of the binding sites for Staphylococcus aureus are close to the NH,-terminal
and at the COOH-terminal regions of the fibronectin molecule. Teichoic acids are major
have been found to mediate the capacity of
the bacteria to adhere to epithelial cells. By use of biologic assays based on the specific
adherence of S. aureus to nasal epithelium, it was determined that the binding site for,

sess M protein attach more easily to human epithe-
lial cells than do avirulent mutants lacking this
component [3].

The pili of gonococci enable them to attach to ep-
ithelial cells, and studies utilizing a variety of host
cells have established that fimbriated gonococci have
significantly more adhesive ability than do nonfim-
briated forms. It is not surprising that strains of Neis-
seria gonorrhoeae that adhere strongly to mucosal
surfaces are more virulent than strains that do not
attach as well [4, 5].

Microbial flora in the gastrointestinal tract selec-
tively colonize mucosal epithelial cells along the gut.
For example, lactobacilli harbor on the keratinizing
stratified squamous epithelial cells of the nonsecret-
ing portion of the stomach in normal mice [2],
whereas yeast of the genus Torulopsis colonize
columnar epithelium of the secreting portion of the
stomach. Torulopsis appears to adapt and grow ef-

ficiently even in the stomach mucin.

Several important Eu_:_c_:robiplogic activities can be

related to the recognized ability of fibronectin to
mediate substrate adhesion to both eukaryotic cells
and bacteria. Fibronectin is a glycoprotein found in
soluble form in many biologic liquids, e.g., plasma,
and in insoluble form on the surface of fibroblasts
[6-8]. Fibronectin has been reported to act as an op-
sonin, mediating the phagocytasis of gelatin-coated
particles by macrophages [9]. More recently, the pre-
cise locations of the fibronectin-Staphylococcus
binding sites were determined to be close to the NH,-
terminal and at the COOH-terminal regions of the
fibronectin molecule [10, 11].
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The question of why some people become nasal
carriers of S. aureus while others do not is often
asked but has not yet been answered satisfactorily.
Our results showed the adherence of S. aureus to be
significantly greater (P < .005) for the carriers than
for the noncarriers, i.e., 132 + 82 bacteria per cell
for carriers and 67 + 70 bacteria per cell for non-
carriers. This observation suggested that the greater
affinity for bacterial adherence of mucosal cells from
staphylococcal carriers might be a property of the
mucosal cell or host environment rather than of the
bacteria. Using this model we are currently investigat-
ing several bacterial and host factors to determine
their relevance to staphylococcal carriage status.

Bacterial Adherence to Nasal Mucosal
Cells from Infants

The human fetus is bacteriologically sterile under
normal conditions in utero, as evidenced by nega-
tive cultures obtained at the time of elective cesar-
ian section [16]. However, by the end of the first two
weeks of life, the infant has acquired most of the
organisms found on corresponding areas of the
adult. This is so despite the fact that the skin of the
newborn at birth is physiologically different from
that of the adult.

We also know that bacterial colonization of the
human oral cﬁvity is at a relatively low level during
the first 24 hr after birth and increases rapidly there-
after [17, 18]. Other studies have demonstrated that
the capacity of buccal epithelial cells to bind group
A streptococci was minimal on postpartum days |
and 2 yet reached adult levels by day 3 [19]. Most
investigators attribute the reduced binding capacity
of buccal epithelial cells to immature receptor sites
or to other host factors.

We investigated the adherence of S. aureus 10 na-
sal epithelial cells obtained from infants on days 1-5
after birth. Our results demonstrated that the ad-
herence of S. aureus to neonatal nasal epithelial cells
is relatively depressed during the first four days of
life but that it reaches adult levels on the fifth day.
We compared the adherence of S. aureus to nasal
mucosal cells from infants and adults (table 2). Some
investigators have suggested that the reduced bind-
ing of buccal mucosal cells to groups A and B strep-
tococei is due to diminished capacity of neonatal ep-
ithelial cells to bind lipoteichoic acid found on the

lsurface of the streptococci [20]. We believe that
teichoic acids, which are major cell-wall components
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of staphylococci, may play the same role for
staphylococcal binding to neonatal and adult epi-
thelial cells.

Bacterial Adherence to Vulvar Epithelial
Cells from Adults

In humans of both sexes, but particularly in females,
the perineal region serves as a reservoir for S. aureus
[21]. Because previous studies of bacterial adherence
to the female genitalia were limited t0 the vagina,
we attempted to characterize more satisfactorily this
phenomenon for the entire vulvar region. Thus, we
focused on the labia majora and the labia minora
as well as on the vagina to demonstrate features of
microbial adherence unique to the perineum. For this
study we chose to examine the ability of seven differ-
ent microorganisms to attach to vulvar epithelial
cells: S. aureus, Candida albicans, Escherichia coll,
Acinetobacter calcoaceticus, S. pyogenes, P aeru-
ginosa, and an a-hemolytic Streptococcus.

Seven healthy women who were not using oral con-
traceptives volunteered for this investigation. We har-
vested cells from the midlabium majus, labium mi-
nus, and vagina, as well as cells from the buccal and
nasal mucosa for comparison. The cells were washed
with phosphate buffer and then incubated with the
test bacteria by previously described methods [14].
A micrometer eye-piece on a light microscope was
used to measure the size of at least 20 epithelial cells.
The test organisms adhering to the epithelial cells
were counted, and the average density of adherence
was computed. Two general cell types from the
labium majus could be distinguished: medium-size
cells with a smooth texture and even perimeter and
larger cells with a rough consistency and irregular
shape. Transitional cells also appeared commonly.

Table 2. Adherence of Staphylococcus aureus 10 nasa
epithelial cells obtained from new born infants of various
ages.

Mean age of
infants = SD (hr)

Percent adherence®

24 + 3 22
48 + 4 25
T2+ .4 38
9% = 3 35

+ 4 98

120

s Adherence of 5. gureus 10 mucosal cells obtained from adults
was considered to be 100%
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Table 3. Adherence of ‘arious microorganisms (0

labium majus cells. P sC i
No. of microorganisms cell
(mean = SD)*
\Medium-size, Large,
Microorganism smooth cells rough cells
Staphylococcus aureus 47.28 = 14.52 85.03 = 22.35
Streptococcus pyogenes 23.20 = 929 3.0 = 8.36
a-Hemolyue streptococcd 24.56 = 14,13 28.89 = 12.57
Escherichia coli 1.1 = 1.36 1.14 = 1.21
Pseudomonas aeruginosa 16.58 = 7.41 28.17 = 19.20
Acinerobacter calcoacelicus B2 = 6,53 11.43 = 6.61
Candida albicans gl = 4.87 . 24.54 = 9.03

Superior adherence of S. aureus to labium majus
cells was obvious (table 3); however, the densities of
S. gureus on labium minus and vaginal cells were
lower than those of other organisms [22]. S. pyo-
genes and a-hemolytic streptococci attained inter-
mediate levels of binding to labium majus cells. C. al-
bicans and A. calcoaceticus manifested poor
adherence. E. coli did not attach to any of the sur-
faces studied. Menstruation influenced attachment —
highest counts of bacteria were reached between the
third and fourth weeks of the menstrual cycle [22].
This temporal relation is reasonable when the diverse
direct and indirect effects of hormones on cellular
biology are considered. *

Bacterial Adherence to Skin and Nasal Cells
from Patients with Atopic Dermatitis

Previous comparisons between normal skin and the
skin of patients suffering from atopic dermatitis have
revealed important differences in colonization by
S. aureus (15, 23, 24]. S. aureus colonization is €x-
tremely high in patients with atopic dermatitis, and
this organism can be readily isolated from affected
skin, adjacent uninvolved areas, and the anterior
nares. Although not to the same degree, high counts
of S. aureus also are found in psoriatic plaques. Thus,
we considered increased adherence as a possible con-
tributory cause of colonization.

Although psoriasis is primarily a skin disorder of
unknown origin, atopic dermatitis has been attrib-
uted to an aberrant, hyperactive immunologic con-

dlﬁon. Thus, it may be merely one symptom of a
~ systemic disorder that probably also affects the na-

sal mucosa and other regions of the respiratory tract.

Patients diagnosed as having psoriasis or atopic
dermatitis at a dermatology clinic volunteered to pro-
vide samples of epidermal skin from their forearms
and specimens of nasal mucosal tissue; laboratory
personnel without these maladies provided control
samples. Cells collected with a surgical blade from
the volar surface of the arm near the antecubital
fossa and with a sterile wooden spatula from the an-
terior nares were mixed with S. aureus. Both types
of harvested epithelial cells were placed on slides,
air dried, heat fixed, stained, and examined by light
miCroscopy.

Despite the profound alteration in microarchitec-
ture, antigenicity, and metabolism of epidermal cells
in psoriatic plaques, we found no enhanced adher-
ence with the skin and nasal cells of such patients.
There was no significant statistical difference be-
tween these cells and those of healthy individuals.
Although atopic dermatitic cells appear more nor-
mal than those from psoriatic plaques and are
characterized by eczematous hyperkeratinization and
dryness, atopic cells from the skin and nose showed
enhanced binding of S. aureus. While further inves-
tigation into this phenomenon will be important, we
conclude that adherence appears to be a mechanism
responsible for the carriage of S. aureus by patients
with atopic dermatitis. Furthermore, the enhanced
binding of the staphylococci implies an inherent cel-
lular alteration unrelated to any immunologic ab-
beration associated with the disease.

Our analyses of keratinization and dermatitic cells
indicate the existence of two types of receptors for
S. qureus on nasal cells. The first, which becomes
more numerous with the progressive development of
the granular cell, is unaffected by staphylococcal
'teichoic acid. The other, recognized with keratinized
t cells only, is secondary, supplemental, and blocked
by teichoic acid {14], Furthermore, patients with

atopic dermatitis may carry S. qureus for at least four

months, but their carriage seems to be of a different
form than that of healthy carriers. Compared with
the epithelial cells of healthy noncarriers, those of
healthy carriers bind 100% more S. aureus [8]; atopic
nasal cells support 30% more staphylococci than do
control cells [15, 23].

Role of Teichoic Acid in Staphylococcal Adherence

Teichoic acids are major cell-wall components of
staphylococci. The teichoic acid of S. aureus con-
tains polymers of ribitol connected by phosphate




diester linkages with side chains of p-alanine and
N-acetylglucosamine. The phosphate groups and the
amino groups of the alanine-ester residues of teichoic
acid have a profound effect on cation binding. The
molecule itself is composed of eight repeating units
of ribitol phosphate [21, 25].

We investigated the role of teichoic acid in the
binding of nasal epithelial cells to S. aureus. The
method of Baddily et al. [26] was used to extract
teichoic acid from S. aureus. Nasal epithelial cells
were washed with PBS and preincubated for 30 min
at 35°C with teichoic acid or with lipoteichoic acid
from group A streptococci (each at a concentration
of 1 mg/ml) [19, 25]. Control epithelial cells were
treated with PBS only. After treating epithelial cells
with 10* CFU of bacteria/ml, we prepared smears
by staining with crystal violet. Light microscopy was
used to determine adherence. At the same time, we
investigated the adherence of S. aureus to epithelial
cells pretreated with a whole cell-wall preparation
of S. aureus.

Epithelial cells treated with teichoic acid and
lipoteichoic acid demonstrated 71% and 60% reduc-
tions of binding to S. aureus, respectively. Epithe-
lial cells treated with whole cell-wall preparations
manifested a 19% reduction in binding to S. aureus.
However, only a minimal diminution (17%) [25] in
the binding ability of group A streptococci was noted
when epithelial cells were treated with teichoic acid.

These results suggest that lipoteichoic acid com-

bines with an epithelial receptor site for both
S. aureus and group A streptococci, thus reducing
the binding of these organisms to the epithelial cells.
Teichoic acid is specifically bound to the attachment
sites for staphylococci but not to those for strep-
tococci. As a result treatment of epithelial cells with
teichoic acid did not significantly reduce streptococ-
cal binding.
& These results suggest that both lipoteichoic acid
and teichoic acid can bind to nasal epithelial cells
to inhibit adherence of S. aureus to the mucosa. The
data also suggest that lipoteichoic acid on the sur-
face of streptococci mediates the binding of this or-
ganism, while teichoic acid mediates the binding of
staphylococci.

Electron microscopy of streptococci and various
other gram-positive organisms has previously
demonstrated the presence of polysaccharide fibers
on the surface of these bacteria [1]. Mounting evi-
dence suggests that these fibers are involved in the
attachment of bacteria to epithelial cells.

Aly and Levit

Results of our investigations-demonstrate the pres-
ence of similar polysaccharide material on the sur-
face of S. aureus. To obtain electron micrographs
on whic.. this material is revealed, we stained cel-
lular material with ruthenium red, which reacts
strongly with acid polysaccharides and other poly-
anions of high charge density. Our results also sug-
gest that the adherence of S. aureus to human nasal
epithelial cells is mediated by these polysaccharide
fibers. Certain gram-negative bacteria also have been
observed to possess pili that impart adhesive quali-
ties [S]. In view of their obvious clinical and eco-
logic significance, the surface components of bac-
teria involved in adherent interactions with host
surfaces merit additional serious attention.

Mechanisms of Adherence: The Staphylococcus
aureus “Receptor” for Fibronectin

Over the past decade, one of the most enticing the-
ories regarding possible mechanism of bacterial
adherence to mucosal surfaces has been that of Cos-
terton et al. [27]. Mammalian epithelial cells and bac-
terial cell-wall surfaces possess polysaccharide fibers
with exquisite chemical specificity. Negatively
charged bacteria can form polar bonds with host-
cell polysaccharides by way of divalent positive ions
in the host environment. Lectins, proteins with spe-
cific attractions for the bacterial and host-cell poly-
saccharides, can also form bridges between the two
cells. These interactions are specific — bacteria whose
fibers can bind neither to the host cell nor to suit-
able divalent ions in the system simply do not bind.

Bacterial infection begins with the specific adhe-
sion of organisms to the host mucosal surfaces. Re-
cent observations suggest that human fibronectin
binds to S. aureus [10, 28-32]. Utilizing two varia-
tions of a unique biologic assay, we have elucidated
evidence that teichoic acid is a staphylococcal recep-
tor for fibronectin.

Staphylococcus aureus strain S02A was 2rown o1
18 hr at 37°C in tryptic soy broth (Difco, Detrout,
Mich.). After washing and resuspending the organ
isms in PBS, we incubated I-ml suspensions ol
S aureus with nasal cells for 90 min at 37°C. After
unattached bacteria were washed away by vacuum
filtration, the cell preparations were affixed to shdes
for staining with crystal violet. To determine the
suitability of this adherence system as an assay 101
fibronectin binding, S. aureus and nasal cells were
each mixed with 1 mg of human plasma fibronectin




P _"(-r t i -S
T W VAT R

Adherence of S. aureus to Epithelia

] "0[_ .comm 5024

| FIBRONECTIN-
[ TREATED 502A

GOCCIHCELL

SPINOUS LOW HIGH FULLY
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Figure 3. The ability of fibronectin-bound Staphylococ-
cus aureus strain 502A to adhere to cells from various layers
of nasal epithelium.

5

at 37°C for 90 min then washed in PBS. (Reduced
fibronectin yielded a sharp single band after 5%
SDS-PAGE.) For both preparations, testing for ad-
herence proceeded as usual. A reduction in adher-
ence by fibronectin in treated S. aureus would indi-
cate the presence of the glycoprotein on the bacteria.

The binding of fibronectin to the staphylococci
was immediately apparent when centrifugation of
the suspension vielded a film against the culture tube
instead of the expected pellet. Microscopic inspec-
tion showed that the bacteria were plentiful. As
shown in figure 3, fibronectin partially blocked ad-
herence of S. aureus to the keratinized nasal cells.
The two trials of this experiment produced nearly
identical results, with statistically significant differ-
ences in the effect of fibronectin on binding between
the high-layer granular cells and the fully keratinized
cells (P < .005 and P < .001, respectively). Younger
cells were unaffected. This variation eliminates the
possibility of a detrimental effect of increased
clustering. We noted no change in adherence with
the combination of untreated cocci and fibronectin-
treated nasal cells.

We next examined the ability of fibronectin to cou-
ple with the basic constituents of the staphylococcal
cell wall. Equal volumes of fibronectin (0.5 mg/ml)
were mixed with protein A, N-acetyl-pD-glucosamine,
N-acetylmuramic acid, or ribitol teichoic acid, each
at a concentration of 1 mg/ml, in PBS. After incu-
bation at 37°C for 60 min, each solution was added
in parallel to a tube containing a twice-washed and
centrifuged pellet of a 1-ml 18-hr culture of §. aureus.
The bacteria were then resuspended and incubated
for 90 min at 37°C. Next, the preparations were cen-
trifuged and washed twice with PBS. We mixed each
suspension of treated staphylococci with nasal cells
to test for adherence and compared the result with
that obtained using untreated bacteria. In this situ-
ation, if fibronectin failed to combine with a tested
cell-wall component, it then would be free to couple
with the staphylococci and thereby affect adherence.

The pretreatment of fibronectin in this system with
individual staphylococcal cell-wall components pro-

Table 4. Ability of teichoic acid and other cell-wall components to block the coupling of fibronectin to Staphylo-

COCCUS aureus.

Treatment of Low-level
fibronectin granular cells
None (untreated S. aureus) 21 2+ 8.9
N-acetylglucosamine 24.1 £ 12.3
N-acetvlmuramic acid 19.2 = 9.4
Protein A 20:5 4 15
Teichoic acid 227 8.4

No. of §. aureus per nasal cell (mean + SD)*

High-level Fully
granular cells keratinized cells
55.3 =~ 144 115.1 + 29.6
52.2 + 17.5 70.7 + 20.91
56.4 + 16.4 75.1 + 22.71
46.7 + 16.0 70.0 + 13.41

+ 13.3 116.2 + 21.91

60.5

NOTE. S. aureus were treated with fibronectin plus the indicated cell-wall component. See text for details

* In each case, 12-24 nasal cells were examined.
T P < .001 by 1 test.
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duced the data presented in table 4. N-acetylglucosa-
mine, N-acetylmuramic acid, and protein A were un-
able to prevent the binding of fibronectin 1o S. aureus.
Only teichoic acid could couple with fibronectin and
thus permit the unaltered bacterium to attach to the
fully keratinized nasal cells at normal levels. The
presence of antibody to teichoic acid or of other an-
tibodies in the fibronectin preparation, could con-
fuse the results, but it is likely that they were present
only at trace levels.

Because our previous studies demonstrated that
teichoic acid can block adherence of staphylococci
to nasal cells, we regard teichoic acid as a staphylo-
coccal adhesin for epithelial binding sites in this sys-

" tem. Thus, this knowledge permits another approach

for testing the ability of teichoic acid to bind to
fibronectin, We postulated that fibronectin, like an
anti-antibody, would bind to teichoic acid and pre-
vent the blockage of S. aureus binding sites on the
nasal cells, thereby allowing uninhibited adherence
of the staphylococci.

We first mixed 2 mg of teichoic acid/ml with 2
mg of fibronectin/ml for 60 min at 37°C. Washed
nasal cells were added to this solution for an addi-
tional 90 min of incubation, allowing cellular bind-
ing of any free teichoic acid. After residual fibronec-
tin and teichoic acid were washed away with PBS,
the nasal cells were incubated with S. aureus for 90
min at 37°C. Controls included untreated cells, cells
subjected to fibronectin only, and cells suspended
with teichoic acid only. Basic to the experimental de-
sign was that teichoic acid —if fibronectin did not
bind it — would have been available to attach to the
nasal cells and thereby prevent adherence of the
staphylococci (table 5). The adherence scores of the
test preparations were essentially the same as those
of normal and fibronectin controls. Fibronectin had

Aly and Levit

neutralized the blocking of adherence by teichoic
acid. 4
To determine whether other cell-wall components
could be tested in this manner, weé first needed to
learn whether any of these components could attach
to nasal cells. Before adding the staphylococci in
the basic adherence system, W€ mixed 1 mg of
N-acetylmuramic acid, N-acetyl-pD-glucosamine, pro-
tein A. p-adonitol (ribitol), ribose, or p-ribose-1-
phosphate with the nasal cells for 30 min at 37°C.
Testing was repeated, and protein A was examined
an additional time. We also tested mixtures of the
components of ribitol teichoic acid — N-acetylglucos-
amine, ribose phosphate, and alanine — with an in-
cubation period of 60 min. None of the cell-wall
components tested could effectively interfere with
adherence by attachment to nasal cells [33].
These results demonstrate that fibronectin binds
|'i to teichoic acid, a major structural component of
I‘ the S. aureus cell wall; they do not confirm previous
{ observations, which suggested that fibronectin binds
\to protein A, the other major cell-wall structural
compound [33a]. We believe that our assays, al-
though less sensitive, present a picture more relevant
to the situation in vivo, since plasma fibronectin may
serve as a receptor for microbial colonization and,
in the case of macrophages, for host defense. Ver-
brug et al. {34] showed that purified, radiolabeled
fibronectin not only bound to a similar degree to sev-
eral laboratory strains and to the fresh clinical iso-
lates of S. aureus, but also to S. aureus strains defi-
cient in cell-wall teichoic acid. Also, purified
peptidoglycan and teichoic acid isolated from S. au-
reus H failed to bind fibronectin, but crude cell-wall
preparations of this strain containing protein con-
stituents bound considerable amounts of fibronec-
tin. The authors’ explanation was that teichoic acid

Table 5. Failure of fibronectin-bound teichoic acid to block adherence of Staphylococcus aureus 10 nasal cells

Low-level

Cell treatment granular cells

None 22.8 + BY
Fibronectin only 30.5 = 7.8
Teichoic acid only 18.3 + B.6
Fibronectin + teichoic acid 28.8 =+ B.§

NOTE. See text for details of expeniment
* In each case, 12-21 nasal ceils were examined.
t p < .001 by 1 test.

No. of S. aqureus/cell (mean = SD)*

High-level Fully
granular cells keratinized celis
70.1 = 21.6 144.8 = 32.1
69.2 « 14.2 144.6 = 38.6
60.6 + 12.6 100.2 + 23.9°
736 116 146.0 + 34.7
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and peptidoglycan together constitute a major part
of the cell wall of S. aureus H; binding of fibronec-
tin probably occurred to a minor (by weight) com-
ponent of the staphylococcal cell wall that was pres-
ent in isolated crude cell-wall preparations but was
removed in subsequent purification procedures.

Because we observed that fibronectin-coated
staphylococci were still able to adhere to nasal cells,
although in diminished numbers, we feel that
fibronectin is a secondary nasal cell binding site for
the adhesin teichoic acid. However, recent investi-
gations have elucidated evidence that fibronectin in
fibrin thrombi promoted adherence of most strains
of pathogenic S. aureus. This may prove important
for understanding the pathogenesis of wound infec-
tions [35]). Fibronectin is vital in wound healing be-
cause of its adhesive property; it is ironic that this
same property may also promote the adherence of
staphylococci to the wound site.

The determination of any potential clinical sig-
nificance for fibronectin’s role in bacterial adherence
requires further study. However, fibronectin, in both
its insoluble form on the surface of many human
cell types and its soluble form as part of the extracel-
lular matrix, seems to affect attachment differently
among various organisms. The environmental rela-
tion between fibronectin in its various forms and lo-
cations and the bacteria in question may assist cer-
tain pathogens in becoming established and thus
initiate local infections while inhibiting others. Fi-
bronectin and attachmcn{ may also determine which
organisms are infectious under normal conditions
in the host.
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