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ABSTRACT: Attachment of Staphylococcus aureus to human skin corneocyte cells plays
a critical role in exacerbating the severity of atopic dermatitis (AD). Pathogen-skin
adhesion is mediated by bacterial cell-surface proteins called adhesins, including
fibronectin-binding protein B (FnBPB). FnBPB binds to corneodesmosin (CDSN), a
glycoprotein exposed on AD patient corneocytes. Using single-molecule experiments,
we demonstrate that CDSN binding by FnBPB relies on a sophisticated two-site
mechanism. Both sites form extremely strong bonds with binding forces of ∼1 and ∼2.5
nN albeit with faster dissociation rates than those reported for homologues of the
adhesin. This previously unidentified two-binding site interaction in FnBPB illustrates
its remarkable variety of adhesive functions and is of biological significance as the high
strength and short bond lifetime will favor efficient skin colonization by the pathogen.
KEYWORDS: Staphylococcus aureus, FnBPB, corneodesmosin, extremely strong bonds, two-binding site mechanism

■ INTRODUCTION
Infectious diseases caused by bacterial pathogens are one of the
most concerning threats to public health.1 Among these,
Staphylococcus aureus causes various diseases in humans,
including cardiovascular and respiratory infections, surgical
wound and indwelling medical device-related infections, and
serious skin disorders and diseases.2,3 About 20% of healthy
humans are persistently colonized by S. aureus, which increases
their risk of serious infection.4 Individuals affected by the
chronic inflammatory skin disease atopic dermatitis (AD) are
particularly susceptible to skin colonization by S. aureus,3,5

which exacerbates AD symptoms and the severity of the
disease.6,7 A better understanding of the specific molecular
mechanisms by which the pathogen binds to human skin
would greatly benefit endeavors to develop efficient treatments
for bacterial colonization of AD skin.
Adhesion of S. aureus to corneocytes from the stratum

corneum, which represents the outermost layer of the
epidermis,8−10 is mediated by various bacterial cell wall-
anchored proteins (adhesins), including fibronectin-binding
protein B (FnBPB) and clumping factor B (ClfB),8−11 which
bind to specific ligands like loricrin, keratin, and fibrinogen
(Fg). On AD corneocytes, both FnBPB and ClfB interact with
the N-terminal region of the corneocyte glycoprotein
corneodesmosin (CDSN).11 While CDSN is not abundant
on the surface of corneocytes from healthy individuals,12 it
becomes surface-exposed in AD patients where it decorates the
tips of “villus-like” projections when levels of the skin’s natural
moisturizing factors are low.10,13

The amino acid sequence of CDSN is dominated by serine
and glycine residues. These residues are mainly organized into

domains at the protein’s N- and C-termini, where they appear
as tandem repeats that are predicted to fold into two highly
flexible secondary structures called serine-glycine-rich loops.14

The serine-glycine-rich loops display adhesive properties12 and
are involved in CDSN-CDSN homophilic interactions.15

FnBPB and ClfB bind to the N-terminal region of CDSN
where the first serine-glycine-rich loop is located.11

FnBPB comprises a secretory signal sequence at the N-
terminus, an N-terminal A region, a large central domain
composed of multiple tandemly arranged fibronectin (Fn)-
binding repeats, and a C-terminal cell wall-anchoring motif
(Figure 1A).16 The A region, where Fg and elastin binding
sites are located, is predicted to fold into three separate
domains N1, N2, and N3. N2 and N3 form IgG-like folds that
bind multiple ligands through the multistep dock, lock, and
latch (DLL) mechanism.17−19 In the past years, DLL
complexes have been shown to have extremely high
mechanical stability, being able to sustain forces that are
much larger than the vast majority of the receptor−ligand
interactions studied so far.20−24 FnBPB binds to Fg and elastin
using the DLL interaction but uses another mechanism to bind
plasminogen.25−28

Despite the medical importance of the FnBPB−CDSN
interaction in AD, its molecular details are currently unknown.
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Consequently, there is an urgent need for new molecular data
on CDSN binding by FnBPB, which could help contribute to
innovative strategies to prevent or treat S. aureus skin
colonization in AD. Here, we investigate the molecular basis
of this interaction using single-molecule experiments.29−32 The
results show that the FnBPB−CDSN interaction is extremely
strong and features two distinct populations of binding forces
at 1 and 2.5 nN. These binding forces do not show a catch
bond behavior where bond strength is dramatically enhanced
by tensile loading, as in known DLL interactions. Dissociation
rates are much faster than for highly stabilized DLL complexes
and neither of the bonds is inhibited by a peptide mimicking
the C-terminal segment of the Fg γ-chain. Our findings show
that FnBPB binds to CDSN through a novel mechanism
involving two distinct ligand-binding sites, and favor a model
in which the two sites are allosterically linked.33,34

■ RESULTS

FnBPB−CDSN Interaction Involves Two Populations of
Extremely Strong Binding Forces

We used single-molecule force spectroscopy (SMFS; Figure
1A) with human CDSN-functionalized tips to probe living S.
aureus cells expressing FnBPB (FnBPB+). Figure 1B,C presents
representative force curves and the distributions of adhesion
forces and rupture lengths for three independent FnBPB+ cells
(for more cells, see Figure S1A). In 80% of the curves (from a
total of 5120 curves from 5 cells), we observed adhesive events,
with a wide distribution of forces, up to ∼3 nN. Out of the
population of adhesive curves, 75% featured single well-defined
force peaks, while 25% of the curves showed two consecutive,
well-defined force peaks (Figure 1B). These binding events
were specific to FnBPB, as adhesion was abrogated in S. aureus
cells lacking FnBPB (FnBPB‑) (Figure 1D,E; for more cells,
see Figure S1B), the binding frequency dropping from 80 to
4% (from a total of 7189 curves from 7 cells).

Figure 1. Interaction between the S. aureus FnBPB and human corneodesmosin involves two extremely strong bonds. (A) Scheme of FnBPB
modular architecture and the single-molecule force spectroscopy (SMFS) experimental setup used to study the FnBPB−CDSN interaction forces.
(B) Representative retraction profiles recorded when probing S. aureus cells expressing FnBPB (FnBPB+) with an AFM tip modified with CDSN as
depicted in (A). (C) Adhesion force (left) and rupture length (right) histograms of three different FnBPB+ cells probed with AFM tips modified
with CDSN (contact time: 50 ms; approach and retraction speeds: 1000 nm s−1; total number of curves for each cell n = 1024; for more cells, see
Figure S1A). Arrows point to adhesion force maxima defining two distinct high-adhesion-force-regime populations. (D) Adhesion force and
rupture length data for a representative FnBPB− cell (for more cells, see Figure S1B). The inset on the right shows four representative retraction
profiles. (E) Box plot of the adhesion frequency of FnBPB+ and FnBPB− S. aureus strains (n = 9 and 7 cells, respectively). (F) Box plot showing the
adhesion force values that characterize the two distinct populations (F1 and F2) for 10 different FnBPB+ S. aureus cells. Stars indicate mean values,
lines indicate medians, boxes indicate 25−75% quartiles, and whiskers indicate standard deviation (SD).
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Close examination of the adhesion histograms revealed two
maxima (Figure 1F), one centered at 1.0 ± 0.1 nN (hereafter
referred to as “F1”; data pooled from n = 636 adhesive curves
on 5 cells), the other at 2.3 ± 0.2 nN (“F2”; n = 826 adhesive
curves on 5 cells). We note that a small fraction of adhesive
events (20% from all cells) were much weaker (166 ± 42 pN),
most likely resulting from a combination of nonspecific
interactions, which are expected given the diversity of
constituents present at the cell surface, and FnBPB−CDSN
interactions occurring outside of the ligand-binding responsible
for highly stable binding. Force curves were similar when
analyzing multiple cells from independent cultures and using
different ligand-coated tips. They did not change when
recording consecutive force curves (1024) on the same cell,
implying that the measurements did not alter the conforma-
tional and functional properties of the cell surface adhesins and
of the ligands. Altogether, these observations show that rupture
of the FnBPB−CDSN complex always involves two distinct
populations of extremely strong binding forces.
We then asked whether the F1 and F2 forces result from the

rupture of single bonds. Similar adhesion force distributions
with only two maxima always centered at ∼1 and ∼2.5 nN
were reproducibly observed from one tip or one cell to
another, including those from independent preparations. When
multiple bond-breaking events simultaneously occur at a high
frequency, a broad multimodal distribution reflecting multiples
of the weakest unit force should be observed. Clearly, this was
not the case since no maxima were observed at either 3 or 4
nN (Figure 1C).

To provide a direct, unambiguous demonstration that
FnBPB and CDSN were engaged in two single and distinct
bonds, we decreased the surface density of the ligand on the tip
(Figure 2), using gold-coated tips bearing 1 or 0.1% COOH
groups, instead of 10% as used above. Strikingly, force
distributions centered at ∼1 and ∼2.5 nN (Figure 2A,B)
were similar to those at 10% density, except that as the ligand
concentration decreased, the two force distributions became
narrower (Figure 2A). If multiple bonds were to be probed in
our standard conditions (10%), we should observe that
dilution of the ligand density leads to a shift toward lower
forces corresponding to the unit force of single bonds, which
was not the case. Narrowing of the two force distributions is
likely to result from the lower number of ligands on the tip and
hence the potential binding geometries. Finally, we note that
while the probability of observing F1 forces remained
unchanged, the probability of observing F2 forces (Figure
2C) substantially increased, from 3.8 and 4.1% at 10 and 1%
ligand density, to 10.3 at 0.1% density (means from 5 cells in
each condition; n = 3883 (10%), 2921 (1%) and 2682 (0.1%)
adhesive curves, respectively). This unusual behavior indicates
that they do not result from the simultaneous rupture of two
identical 1 nN bonds but that they rather reflect two single
bonds of different molecular nature, associated with two
distinct binding sites.
Most adhesive interaction forces ruptured at ∼250 nm

(Figure 1C, right panels; 237 ± 50 nm, n = 8166 adhesive
curves from 10 cells). Assuming that each amino acid
contributes 0.36 nm to the contour length of a polypeptide
chain, the length of a fully extended FnBPB protein (957

Figure 2. Lowering the CDSN concentration on the AFM tip does not alter the bimodal force distribution. (A) Adhesion force histograms
obtained for three FnBPB+ cells (3 different colors) probed with AFM tips modified with varying levels of CDSN. The concentration of CDSN on
the tips was lowered by decreasing the amount of 16-mercaptododecahexanoic acid. (B) Box plots of the force values and (C) adhesion frequencies
for the two distinct force populations obtained with AFM tips exposing varying densities of CDSN. At least five different cells were probed with
each CDSN tip. ***p-value ≤ 0.001, determined by a two-sample t-test in Origin.
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amino acids) is expected to be 340 nm, thus higher than what
we observe. This indicates that applying forces as high as 2.5
nN does not lead to the full unfolding of the adhesin. It is more
likely that the Fn-binding repeats would fully unfold as they are
intrinsically disordered.19 By contrast, we expect the tertiary
structure of the N domains, specifically N2N3, to be required
to support a high mechanostability of the bonds, meaning they
are probably not fully unfolded. In addition, we must also

consider that stretching of the CDSN ligand may to some
extent contribute to the observed extensions.
Strong Binding Involves the CDSN N-Terminus and
Probably Does Not Involve a Canonical DLL Interaction

FnBPB binds to the CDSN glycine-serine-rich loop, a
secondary structure located at the N-terminus of the
protein.11,12 To test whether the ∼1 nN and/or the ∼2.5

Figure 3. Incubation with an anti-CDSN antibody specifically inhibits the FnBPB−CDSN interaction. (A) Adhesion force histograms of two
representative FnBPB+ cells probed with an AFM tip modified with CDSN. (B) Data obtained for the same cells as in (A) after treatment of the
same AFM tip with an antibody targeting the N-terminus of CDSN (for more cells, see Figure S2). (C) Representative retraction profiles recorded
when probing FnBPB+ cells with CDSN-modified tip before and after treatment with an anti-CDSN antibody. (D) Box plots of the adhesion
frequency of FnBPB+ cells before and after tip treatment with an anti-CDSN antibody (9 cells; 1024 curves for each cell). In addition, six FnBPB+
cells were probed with an AFM tip treated with rabbit IgG as a negative control (Figure S3). Stars indicate mean values, lines indicate medians,
boxes indicate 25−75% quartiles, and whiskers indicate SD.
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nN forces exclusively involve this region, inhibition assays were
performed using an IgG directed against the CDSN N-
terminus. When CDSN-tips were treated with this IgG,
adhesion forces were abrogated as can be seen for cells
probed with independent tips in Figures 3 and S2. Analysis of
more cells revealed that the adhesion probability dropped from
80 to 11% (9 cells, 6 tips, 9216 curves), and that strong F1 and
F2 forces were never observed. By contrast, the forces were not
altered when using a control nonspecific IgG (Figures 3D and
S3). These results show that both the high and ultrahigh
adhesion forces originate from the binding of FnBPB to the
CDSN N-terminus.
We next wondered whether the strong binding forces may

result from a DLL mechanism as the N2N3 domains of FnBPB
have been shown to support CDSN binding.11 Fg binding by
several adhesins (FnBPA, FnBPB, and ClfA) occurs through
the DLL mechanism, which results from the interaction
between N2N3 subdomains and the extreme C terminus of the
γ-chain of Fg.35−37 We therefore carried out inhibition assays
in which we added a 17-mer γ-chain C-terminal peptide
(GEGQQHHLGGAKQAGDV), corresponding to an FnBPB
binding site in Fg, to test whether it blocks the strong adhesive
forces. In Figure 4, it can be seen that the peptide had virtually
no effect on the force data, thus showing that the affinity of
FnBPB for the γ-chain peptide is far weaker than the affinity for
CDSN. This finding strongly suggests that strong binding
forces do not originate from a canonical DLL mechanism,
which is further supported by the dynamics of the unbinding
process.
Dynamic Force Spectroscopy Supports a Non-DLL,
Two-Binding Site Mechanism

We explored the dynamics of the FnBPB−CDSN interaction
by measuring the adhesion forces (F) while varying the loading
rate (LR), i.e., the rate at which force is applied (Figure 5;
estimated from the force vs time curves). The resulting

dynamic force spectroscopy (DFS) plot (data pooled from
10,374 adhesive curves on 4 FnBPB+ cells), Figure 5A, featured
a diffuse distribution with several clouds resulting from the
different pulling speeds. Discrete ranges of LRs were binned
and the force distributions were plotted as histograms (Figure
5B). As expected for classical specific receptor−ligand bonds,
the forces within F1 and F2 populations shifted progressively
toward higher values when increasing the LR.38 This contrasts
with the dramatic switch in force usually observed for DLL
interactions,39,40 that result from a catch bond behavior.41

From the histograms, we extracted the most probable adhesion
force for F1 and F2 forces. As predicted by the Bell−Evans
(BE) theory, both binding forces (F) increased linearly with
the logarithm of the LR.29 Fitting with the BE model yielded a
position of the energy barrier that separates the bound from
the unbound state of xu = 0.02 nm for both F1 and F2, and off-
rate constants at thermal equilibrium of koff0 = 1.2 ± 0.8 s−1 and
koff0 = 0.003 ± 0.006 s−1 for F1 and F2, respectively. These
values are orders of magnitude higher than that of DLL
complexes, in the range of 10−9−10−13 s−1,20,22,24,41 meaning
that the FnBPB−CDSN bond lifetime is much smaller than
canonical DLL bonds.
We also studied the influence of the interaction time on the

magnitude and distribution of the forces, while keeping the
pulling speed constant. Force curves recorded using an
interaction time of 300 ms (Figure S4B) instead of 50 ms
(Figure S4A) showed that the duration of contact had
absolutely no effect on the probability and strength of
adhesion. This confirms once again that F2 forces are not
generated by the rupture of multiple F1 bonds in parallel and,
moreover, that bond formation is fast. This lack of time
dependency is in contrast to the prototypical SdrG−Fg DLL
complex,20 where the adhesion probability increases with the
duration of contact between the interacting molecules, an
effect suggesting that the conformational changes needed for
binding require a sufficient amount of time. Together with our

Figure 4. FnBPB−CDSN interaction is not altered by the fibrinogen γ-chain peptide. (A, B) Adhesion force and rupture length histograms of two
representative FnBPB+ cells (total of n = 1024 curves for each cell) probed with an AFM tip modified with CDSN before (A) and after (B) addition
of 0.1 mg mL−1 Fgγ.
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fast dissociation rate, these observations show that, unlike
other DLL systems, bond formation and dissociation are fast
processes.

■ DISCUSSION
Binding of FnBPB to CDSN promotes the attachment of S.
aureus to the skin of AD patients via molecular interactions
that are currently unknown. Here we have shown that FnBPB
binds CDSN through an unusual, previously undescribed two-
site mechanism. Our main findings are as follows: (i) the

FnBPB−CDSN interaction features a bimodal force distribu-
tion, with binding strengths of ∼1 and ∼2.5 nN; (ii) inhibition
assays with antibodies demonstrate these forces result from
binding to the N-terminal region of the ligand; (iii) the Fg γ-
chain peptide has no effect on the probability and strength of
adhesion, suggesting that the Fg γ-chain does not compete
with the CDSN binding site within FnBPB; (iv) unlike the
well-characterized DLL catch bonds, FnBPB−CDSN forces are
not dramatically enhanced by tensile loading, but rather
increase gradually along each force population; and (v) the
bond dissociation rates are orders of magnitudes faster than for
highly stabilized DLL complexes, and the binding probability is
not time-dependent. Collectively, our results demonstrate that
during colonization of AD skins, FnBPB engages in a two-
binding site interaction that differs from that of previously
described DLL-like mechanisms, thus emphasizing the multi-
functional adhesion mechanisms of this adhesin. Nevertheless,
we do not exclude the possibility that a variation of DLL may
be implicated in our proposed two-site binding mechanism.
Indeed, variations of the prototypical SdrG DLL mechanisms
have been reported.36,42,43

The very high forces of the FnBPB−CDSN bonds are
similar to those of covalent bonds at comparable loading
rates,44 and an order of magnitude stronger than the vast
majority of receptor−ligand bonds studied so far, including
specific cell adhesion bonds that typically sustain forces in the
50−150 pN range.29,45−48 The streptavidin−biotin pair had
long been considered as forming the strongest receptor−ligand
bond with a force of 100−250 pN, as measured by AFM and
other force-measuring techniques. In the past years, however,
several bacterial molecular complexes have been found to
feature much higher binding forces,23,39,49 including the
cohesin−dockerin complexes of cellulolytic bacteria49−51 and
the staphylococcal adhesins SdrG, ClfA, and ClfB that engage
in DLL interactions with forces in the 1.5−2 nN range.21−24 It
is remarkable that FnBPB can bind CDSN with even higher
forces, yet through a different mechanism.
An interesting observation is that the FnBPB−CDSN

interaction involves extremely strong forces despite a moderate
biochemical affinity, in the μM range.11 An explanation for this
is that the unbinding pathway of FnBPB under force differs
from that at equilibrium, in the absence of force, a
phenomenon described for bacterial multicomponent protein
networks called “cellulosomes”.52 This suggests that non-
equilibrium single-molecule force experiments are more
relevant than classical equilibrium bioassays when it comes
to understanding the binding mechanisms of bacteria that have
to withstand the physical stresses during colonization of the
skin (cell surface contacts, scraping, or epithelial turnover).53

It is intriguing that the CDSN−FnBPB interaction outper-
forms canonical DLL interactions (1.5−2 nN) in terms of
binding strength. A possible explanation for our results is that
binding geometry plays a role54 where CDSN binds at different
angles to the binding sites located in FnBPB. Another
explanation is a model in which two binding sites in FnBPB
are allosterically linked, binding at one site may have a positive
allosteric influence on the binding strength of the other
site.33,34 Our data and proposed mechanism are reminiscent of
the behavior of the mammalian cell serotonin receptor,34 for
which AFM unraveled two populations of binding forces in an
allosterically modulated interaction with the ligand S-
citalopram. Like here, force curves for the S-citalopram
interaction with the serotonin receptor mainly exhibited

Figure 5. Dynamics of the FnBPB−CDSN interaction. (A) DFS plot
showing the adhesion force as a function of the logarithm of the
loading rate (LR) applied during retraction while keeping constant
the interaction time (50 ms) and the approach speed (1000 nm s−1).
Data pooled from four FnBPB+ cells (total of n = 10,374 adhesive
events). Bell−Evans fits (dashed red line) through the most probable
F1 and F2 forces showing the expected loading-rate dependency and xu
= 0.02 nm and koff0 = 1.2 ± 0.8 s−1 for F1 and xu = 0.02 nm and koff0 =
0.003 ± 0.006 s−1 for F2. Error bars represent the standard deviations.
(B) Adhesion force histograms as a function of discrete ranges of
loading rates: LR1 < 10,000 pN s−1, 10,000 < LR2 < 22,000 pN s−1,
22,000 < LR3 < 49,000 pN s−1, 49,000 < LR4 < 106,000 pN s−1,
106,000 < LR5 < 230,000 pN s−1, 230,000 < LR6 < 400,00 pN s−1.
Note that only force values > 500 pN were considered to calculate the
most probable F1 and F2 averaged data points shown in (A), excluding
force values belonging to LR1 from panel (B). The arrows in panel
(B) indicate the maximum force values extracted from the force
distributions equivalent to the most probable F1 and F2 data points
shown in panel (A).
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distinct single unbinding events at two discrete force values. To
the best of our knowledge, this is the first time that such an
allosteric two-site mechanism is proposed for a staphylococcal
adhesin.
A well-known example of an allosterically regulated adhesin

is the Escherichia coli FimH protein that forms catch bonds
with mannose ligands. Force-induced structural alterations in
one part of the protein are linked to a shift from a low- to a
high-affinity conformation of the ligand-binding site located in
another part of the molecule.55 Our results do not favor a catch
bond mechanism, usually associated with DLL complexes,41

supporting the notion that the FnBPB−CDSN interaction
involves a new type of mechanism, possibly employing features
of DLL, but involving two allosterically linked binding sites.
Further studies using S. aureus mutant strains expressing
different forms of FnBPB, e.g., lacking the CDSN-binding
region, will help to decipher the involvement of the two
binding sites and, moreover, the hypothesized allosteric
relation between them. Furthermore, solving the crystal
structure of FnBPB in complex with CDSN combined with
simulation studies is needed to provide atom-level details of
the binding mechanism.
We speculate that the short-lived and extremely strong

forces identified here may play an important role in efficient
skin colonization in that short duration of the bonds may favor
the detachment of the pathogens, and therefore the
colonization of new skin sites. The two-site interaction
mechanism is a promising target for the design of innovative
antiadhesion therapeutics to prevent and treat AD infections.

■ METHODS

Bacterial Strains and Growth Conditions
We used S. aureus SH1000 4X carrying the empty pALC2073 plasmid
background control strain (FnBPB−) and S. aureus SH1000 4X
(pALC2073:fnbB) expressing FnBPB (FnBPB+).11,56 Bacteria were
cultured in TSA plates containing 10 μg mL−1 chloramphenicol
overnight, at 37 °C. A single colony was transferred to 10 mL of TSB
containing 10 μg mL−1 chloramphenicol and cultured overnight, at 37
°C, under shaking. Stationary phase cultures were then harvested
three times by 5 min centrifugation steps at 2000g, washed with TSB,
diluted to an OD600 = 0.05 in the same culture medium containing 10
μg mL−1 chloramphenicol, and cultured under shaking at 37 °C.
When an OD600 = 0.17 was reached, 300 ng mL−1 anhydrotetracycline
was added to the cultures, which were allowed to further grow until
OD600 = 0.35 (early exponential phase).

Sample Preparation
Bacterial cells were pelleted by centrifugation, washed in PBS, and
resuspended in the same buffer. A volume of 200 μL of 100 times
diluted cellular suspension was subsequently deposited on a
polystyrene Petri dish, and the cells were allowed to adhere for at
least 20 min. Finally, three rinsing steps with PBS were performed and
the Petri dish filled with 2 mL of this buffer prior to the AFM
experiments.

Functionalization of AFM Tips
Gold cantilevers (PNP-Tr-Au, Nanoworld) were thoroughly rinsed
with water and ethanol, dried with N2 flow, and further cleaned in a
UV-ozone chamber for 10 min. They were then immersed overnight
in a 1 mM solution containing a mixture of 16-mercaptododecahex-
anoic acid (10%; Sigma-Aldrich) and 1-mercapto-1-undecanol (90%;
Sigma-Aldrich) in ethanol and protected from light. For some
experiments, 16-mercaptododecahexanoic acid was used at 1 or 0.1%.
Then, cantilevers were rinsed with ethanol, dried with N2, and
immersed in an aqueous solution containing 10 mg mL−1 N-
hydroxysuccinimide (NHS) and 25 mg mL−1 1-ethyl-3-(3-dimethy-

laminopropyl)-carbodiimide (EDC) for 30 min. After rinsing with
ultrapure water, the cantilevers were immersed in a 0.1 mg mL−1

corneodesmosin (CDSN, LSBio) solution in PBS for 1 hour and
finally rinsed with PBS.

AFM Force Spectroscopy
Single-molecule force spectroscopy (SMFS)32 was performed at room
temperature (20 °C), using a JPK NanoWizard 4 NanoScience AFM.
CDSN cantilevers were calibrated by the thermal noise method,
yielding spring constants ranging from 0.03 to 0.07 N.m−1. Force−
distance curves were recorded on 500 nm × 500 nm areas on the top
of single bacterial cells, employing the force mapping mode with the
following parameters: 32 × 32 force curves, constant approach and
retraction speeds of 1 μm s−1, ramp length of 1 μm, applied force of
250 pN, and additional dwell time of 0 or 250 ms, corresponding to
an actual time of contact of ∼50 and 300 ms. For dynamic force
spectroscopy, the retraction speed was varied from 1 to 2.5, 5, and 10
μm s−1. All force data were analyzed with the JPK Data Processing
software, and statistical analysis was carried out using the Origin
software (OriginPro 2021).

Inhibition AFM Assays
We tested the influence of a polyclonal antibody directed against the
CDSN N-terminus (LSBio). After having recorded a force map on
top of a single bacterium, the CDSN tip was exposed to a 10 μg mL−1

anti-CDSN solution in PBS for 1 h and a new force map was then
recorded on the same cell. A rabbit IgG antibody (LSBio) was used as
a control (10 μg mL−1). We also tested the influence of the 17-mer
fibrinogen γ-chain C-terminal peptide (GEGQQHHLGGAK-
QAGDV; GenScript). Force maps were recorded sequentially on
the top of the same cell, before and after peptide injection at a final
concentration of 0.1 mg mL−1. All force maps were registered 15 min
after peptide injection.
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The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsnanoscienceau.2c00036.

Additional FnBPB+ and FnBPB− cells probed by single-
molecule force spectroscopy (Supporting Figure 1);
inhibition of the FnBPB−CDSN interaction by an anti-
CDSN antibody (Supporting Figure 2); FnBPB−CDSN
interaction is not blocked by a rabbit IgG antibody
(Supporting Figure 3); and influence of contact time on
the FnBPB−CDSN interaction (Supporting Figure 4)
(PDF)
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