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AFS Histograms

Figure S1 and S2 show the histograms of the unbinding forces for the IsdB:metHb complex, at the

various loading rates, by using two different binnings.
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Figure S1. Histograms of the unbinding forces for the IsdB:metHb complex from AFS measurements
carried out at increasing retraction velocities, using a binning of 35 nN. Each histogram has been fitted with
a Gaussian function (red curve) to determine the most probable unbinding force value (F*) from the peak
maximum.
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Figure S2. Histograms of the unbinding forces for the IsdB:metHb complex from AFS measurements
carried out at increasing retraction velocities, using a binning of 75 nN. Each histogram has been fitted with
a Gaussian function (red curve) to determine the most probable unbinding force value (F*) from the peak
maximum.



Figure S3 and S4 show the histograms of the unbinding forces for the IsdB:(BB)XL-Hb complex, at

the various loading rates, using two different binnings.
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Figure S3. Histograms of the unbinding forces for the IsdB:(BB)XL-Hb complex from AFS measurements
carried out at increasing retraction velocities, using a binning of 35 nN. Each histogram was fitted with a
Gaussian function (red curve) to determine the most probable unbinding force value (F*) from the peak
maximum.
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Figure S4. Histograms of the unbinding forces for the IsdB:(BB)XL-Hb complex from AFS measurements
carried out at increasing retraction velocities, using a binning of 75 nN. Each histogram was fitted with a
Gaussian function (red curve) to determine the most probable unbinding force value (F*) from the peak
maximum.

All the histograms, at both the binnings for both the IsdB:metHb and IsdB:(Bf)XL-Hb systems, are
characterized by a single mode which can be well described by a single Gaussian curve. We note
that, at the highest loading rates, the wider spread of the unbinding forces results into a lower
statistics when a lower binning is used.

Fig.S5 shows the histograms of the IsdB:HbCO complex, at a only one binning since a rather low

dispersion of unbinding forces is registered.
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Figure S5 Histograms of the unbinding forces for the IsdB:HbCO complex from AFS measurements carried
out at increasing retraction velocities, using a binning of 35 nN. Each histogram was fitted with a Gaussian
function (red curve) to determine the most probable unbinding force value (F*) from the peak maximum.

Blocking experiments

To assess the specificity of the unbinding events detected in all the IsdB:Hb systems (IsdB:metHb,
IsdB:(BB)XL-Hb, and IsdB:HbCO) by AFS experiments (described in the main text), we have
carried out blocking experiments by following the same procedure reported in refs. [1]. Briefly, we
have collected force curves with an IsdB-functionalized tip, previously incubated with a solution
containing the partner (Hb at 10 uM), against the Hb-substrate. The number of events at different
unbinding forces, before and after blocking, is shown in Figs. S4-S6, for the three analyzed IsdB:Hb
systems; blocking experiments having been carried out at a retraction velocity of 350 nm/s. The
unbinding frequency values, calculated as the ratio of the number of events corresponding to
specific unbinding processes over the total recorded events, before and after blocking, are also
shown. In all the cases, we note that the histograms before and after blocking are characterized by
almost the same shape, but with a reduced number of events in the latter case, in agreement with
literature [2-4]. The reduction upon blocking ranges from 41% to 66%, witnessing the specificity of

the binding events.
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Figure S6. Histograms of the unbinding forces for the IsdB:metHb complex before (solid columns) and after
(dashed columns) blocking, from AFS measurements carried out at a retraction velocity of 350 nm/s. The
ratios (in percentage) of the number of events corresponding to specific unbinding processes over the total
recorded events are reported.
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Figure S7. Histograms of the unbinding forces for the IsdB:(B)XL-Hb complex before (solid columns) and
after (dashed columns) blocking, from AFS measurements carried out at a retraction velocity of 350 nm/s.
The ratios (in percentage) of the number of events corresponding to specific unbinding processes over the
total recorded events are reported.
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Figure S8. Histograms of the unbinding forces for the IsdB:HbCO complex before (solid columns) and after
(dashed columns) blocking, from AFS measurements carried out at a retraction velocity of 350 nm/s. The
ratios (in percentage) of the number of events corresponding to specific unbinding processes over the total
recorded events are reported.

To further support the specificity, we have also analysed the rupture length, obtained by subtracting
tip deflection from the distance between contact and unbinding, as described in refs.[2,5]. Fig.S9

shows the histogram of the rupture length before and after blocking, for the IsdB:metHb complex.
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Figure S9. Histograms of the rupture lengths for the IsdB:metHb complex before (solid columns) and after
(dashed columns) blocking, from AFS measurements carried out at a retraction velocity of 350 nm/s (from
the same force curves used in Fig.S6.

Again, we note that the histograms before and after blocking are characterized by a single mode
distribution almost the same shape, but with a lower number of events in agreement with what
observed for the unbinding forces. Furthermore, the distribution is centred at about 25 nm,

consistently with the used PEG linker and in agreement with what observed in the literature [2].

Analysis of the unbinding forces

Fig.S10 shows the most probable unbinding force as a function of the loading rate for the complex
between IsdB and metHb; with the forces being derived from the unbinding forces histograms by
using two different binnings. In both cases, we note a linear trend for loading rate values below
about 30 nN/s, while a significant deviation from the initial linear trend occurs at higher loading

rate values, irrespectively of the used binning.
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Figure S10. The most probable unbinding force vs. the logarithm of the loading rate for: A) the
IsdB:metHb complex and B) the IsdB:(BB)XL-Hb complex.

Generally, the linear trend can be put into relationship to the overcoming of a single barrier (without

rebinding) and it can be described by the Bell-Evans model (BE) [6], in which the most probable



force, F*, as a function of the natural logarithm of the loading rate, r, can be expressed by the
following expression:
kgT rX
F*=—1In 4
X KopkpT (S

where kg is the Boltzmann constant, T is the absolute temperature, k¢ is the dissociation
rate constant, and xg is the width of the energy barrier along the direction of the applied
force.

Our data cannot be globally fitted by the BE model, as evident from the red dash-dot line in Fig.
S11. Successively, we have tested the hypothesis that two subsequent energy barriers should be
overcome for a complete unbinding. Accordingly, two different linear trends should be present,
each one described by the BE model but with different parameters. The resulting fitting curves,
derived from data extracted from the lower binning, are shown in Fig.S11. As expected, below 30
N/s, data are consistent with a linear trend, and they can be well described by the BE model

(continuous red line); the corresponding parameters being shown in Fig. S11 (red values):
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Figure S11. The most probable unbinding force vs. the logarithm of the loading rate for the IsdB:metHb
complex. Red lines are the best fits of all or a part of data by the Bell-Evans model (Eq. S1): continuous line
fitting of data for loading rate less than 30 nN/s; dashed line fitting of data for loading rate higher than 30
nN/s; dashed-dot line fitting of data for all loading rate values. Blue continuous line is the best fit by the
Friddle-Noy-De Yoreo model.



The extracted parameters corresponding to continuous lines are reported. At higher loading rate
values, instead, a fit by the BE model poorly describes the experimental trend (red dashed line).
Such a result allows us to rule out the existence of two barriers to be overcome for a complete
unbinding. In addition, we have taken into consideration the possible occurrence of rebinding and
we have applied the Friddle-Noy-De Yoreo (FND) model, which assumes a first reversible binding
followed by an irreversible one [7]. In this framework, the average unbinding force can be

described by the following approximated expression [8]:

kgT re-?
(FY=feqg+—In[1+

Xg kT

B
kops(f eq)x_ﬁ
(52)

where f.q 1s the force at which the dissociation rate and the association rate cross (related to the
height of the energy barrier), y is the Euler constant (0.577); the other parameters being the same as
in Eq. S1. Generally, such a model predicts a non-linear increasing trend as far as higher loading

rates are applied.

The fit of our data by Eq. S2 (continuous blue line) reproduces the increasing trend. However, the
values of extracted parameters do not have a physical meaning. Indeed, k=103 s°1 is higher than
the maximum observed value (about 600 s!), and, more importantly, x3=10"* nm is an unrealistic
value (see ref. [9]). Accordingly, the FND model cannot reliably reproduce our data and the

corresponding description of data in terms of rebinding should be discarded.

We have also analysed the trend of the average unbinding forces as a function of the loading rate.
From Fig.S12, we note that even in this case, the force trend exhibits a change by passing from
low to high loading rates for IsdB:metHb and IsdB:(Bf)-XLHb and not the IsdB-HbCO, in

agreement with the results shown in the Bell-Evans plot.
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Figure S12. The average unbinding force vs. the logarithm of the loading rate for the three IsdB-Hb systems.
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