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Material and Methods

The toxin Aerolysin was synthetized using the follow-
ing procedure. We have transformed E. coli BL21 strain
with the plasmid containing proaerolysin sequence. This
plasmid is endowed with different elements for produc-
tion and purification of the protein: inducible expression
with IPTG system, signal for periplasmic localization,
histidine tag in C-terminal region of the protein. The
recombinant proaerolysin protein is purified by an affin-
ity chromatography of histidine-tagged proteins (His
Spin Trap, Amersham). The purity of the preparation
is determined by densitometry analysis of Coomassie
blue SDS-polyacrylamide gel electrophoresis, to 99 +
1% (w/w). The propeptid of pro-AL monomeres are
stored at a final concentration of 0.4 g/l in water. Upon
use, the propeptid is first cut by some Trypsin at a
final concentration of 0.36 M in water. The active AL
monomers were then diluted in the buffer to a ratio of
10 wpl of this solution per milliliter of buffer in the cis
chamber.

The current-Voltage curves of a single pore were
measured by applying a triangle voltage between -150
mV and +150 mV and a rate of about 2.3 V/s for 25
cycles. The upward and downward ramps are then aver-
aged to reduce the noise amplitude and discard the
capacitive component of the current. The variability
from pore to pore are estimated to &+ 7.5 % at 25°C (1).
It becomes slightly larger as the temperature is raised.
The IV-Curve obviously depends on the orientation of
the pore with respect to the electrode polarization. We
thus used the following strict insertion procedure. The
membrane is formed on a Teflon aperture separating
two chambers. The first one is grounded and thereafter
called cis chamber. The potential (positive or negative)
is applied to the second chamber thereafter called trans
chamber. The toxin monomers are inserted in the cis
chamber after the formation of the lipid bilayer. The
bilayer is never reformed while waiting for a pore inser-
tion. Therefore it is very likely to observe insertion

of the toxin with its extra-membrane part in the cis
(grounded) chamber. Indeed, using all pores insertions
observed for the present data set, 92% of the a-HL inser-
tions (173 over 187) and 90% (88 over 97) of the AL
insertions had a I-V curve oriented as in Figure 1 of the
article.

The translocation events are captured on the fly
using the analog triggering of the acquisition board. The
trigger threshold was set to 90% of the empty pore cur-
rent at the voltage studied. From these events we extract
the open pore current the blocked current the dwell
time and the inter event time. The very short events are
smoothed by the low pass filter altering the dwell time
and the blocked pore (as explained in (2—4)). In order
to perform the analysis of the events, a second current
threshold is applied which discard the noisy spikes and
allows a better definition of the time scales and blocked
current. This threshold is defined from the all-point his-
togram of the current traces of all the event and is set at
the end of the open pore current peak. We represent the
result of an experiment for a certain set of parameters
(pore, voltage and temperature) by a two dimensional
histogram (like Figures S-2 and S-6) allowing to distin-
guish easily clusters of events of different kind as the 3’
and 5’ clouds previously reported (5, 6) for forward and
backward threading of a ssDNA in a-Hemolysin.

IV Curves calculation

Following (7), we calculated the IV curves at different
temperature and deduced the asymmetry. We first cal-
culated the electrostatic potential seen by the ions at
different applied voltage (see Figure S 1 for a voltage
of -120 mV) and then the IV curve itself. Resolving the
1D Nerst-Planck equation numerically (1, 8). Table S-
T 1 references the amino acid position and calculated
electric potential at the center of the pore. These val-
ues are very close to the one used for a-Hemolysin in
Ref (7). The mean diameter of the channel used in the
calculation was 1.6 nm for HL and 1.4 nm for AL.




a-Hemolysin Aerolysin
Amino Acid Position pK potential (mV) | Amino Acid Position pK  potential (mV)

E111 0.05 4.5 -18.8 K238 0.06 10.5 +17.1
K147 0.13 10.5 +13.5 E258 0.37 4.5 -23.9
D127 0.77 3.9 -18.1 K242 0.46 10.5 +17.1
K131 0.83 10.5 +13.5 K244 0.69 10.5 +17.1
D128 0.91 3.9 -18.1 E258 0.78 4.5 -23.9

K246 0.90 10.5 +17.1

E252 0.95 4.5 -23.9

Figure S-T 1: Amino acid positions and potential along the pore axis for a-Hemolysin and Aerolysin. The potential was
calculated for a cylindrical pore of diameter 16 and 14 A for a-Hemolysin and Aerolysin respectively. The position along the
pore axis are given as fraction of the pore length. The pore length is 5 nm for both pore, the Debye length is 3 A and the

pH of the buffer is 7.5 .
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Figure S- 1: Electrostatic potential map along the pore axis due to the voltage applied (-120 mV here) and to the charge of
the amino acids present in the pore channel. We discarded the extra membranar part of the toxins as the main features in

Pore Length

the IV curves depends on the barrel charges (1, 9).
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ssDNA transport

We represent the measurements as a two dimensional
probability density function P(Iy,T}) of events in order
to discriminates clusters of event of different kind. In
Figure S-2, we display the P distribution at room tem-
perature and for 4 voltages for Aerolysin pores. Two
types of events are observed: Short time events (~
100 us) associated with DNA bumping the pore with-
out full insertion and longer duration events (~ 1 ms)
associated to molecules inserted in the pore constriction.
Indeed the shorter time increases with voltage indicat-
ing that the DNA molecules are blocked at the entrance
of the pore. The unblocking would occur by diffusion
out of the pore entrance region while the voltage forces
the molecules to stay in the pore (10). At about 100
mV, the longer time events are observed and their dura-
tion decreases with the applied voltage indicating that
the molecule goes fully in the pore. Using PCR DNA
molecules with a different sequence were proved to pass
through AL pore (11).
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Figure S- 2: Two dimensional probability density function
P(Ib,Tt) of events in Aerolysin at room temperature and at
voltages of 70 mV 80 mV 100 mV and 120 mV. The increase
of the normalized blocked current for the shorter time is due
to the low pass filtering of the signal as described in (3, 4).
The number of events in each histograms are 1916, 1883,
1889 and 1875 for 70, 80, 100 and 120 mV respectively.

The figure 3 shows the frequency of events per uM
of molecules in oHL and AL as a function of voltage at
a constant temperature T=10°C. As expected for both
nanopores, the frequency increases with voltage.
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Figure S- 3: Event frequency measured at T=10°C for differ-
ent voltages using a-Hemolysin (filled circles) and Aerolysin
(empty circles). The plain curves are exponential fits leading
to an effective charge of about 1.5e. From the extrapolation
at zero voltage and using barrier crossing formalism as in
(12) we obtain a free energy barrier of about 10 kgT.
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Figure S- 4: Event duration measured at T=10°C for differ-
ent voltages using a-Hemolysin (filled circles) and Aerolysin
(empty circles). Plain curves are exponential fits lead-
ing to effective charges of 0.4e in a-Hemolysin and 0.6e
in Aerolysin, very similar to the ones obtained for other
polyelectrolytes in Ref. (13-15).

The reaction-rate theory predicts that the variation
of the translocation rate with temperature and voltage
follows this relation:

= afV

F,(V,T) = foe 5T ¢*5T (1)
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where AF™ is the entrance energy barrier defined in the
main text, V is the applied voltage, ¢ is the effective
charge of the molecule in bulk solution. These expo-
nential dependences describe the translocation of the
polymer in a complex energy landscape with an energy
barrier probably of enthalpic and entropic origins which
decreases with the applied voltage (16).

From the graphs, we can extract the different param-
eters defined in the above formalism. At constant tem-
perature, the slope of the frequency vs voltage in a semi-
Log plot yields to a characteristic voltage V; = %
representing the voltage needed to give to the molecule
a energy of kgT. To evaluate AF*, we estimate fy pro-
portional to an upper bound for the ssDNA flux to the
pore which gives fy ~ CDr, where D is the bulk diffu-
sion coefficient of the oligomer (about 10~7em?.s71), C
its concentration and r is the radius of the pore. This
estimation yields to a barrier of about 10kgT in both
pores.

The values of V¢ we obtain for AL and HL at 10 °C
are very close to the previously reported ones (12, 17).
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Figure S- 5: Event frequency of entry of ssDNA in oHL
pore at V = 120mV and T = 50°C. We observe clearly an
exponential increase of this frequency as a function of the
salt concentration due to water evaporation. The influence
of the increase of DNA concentration due to evaporation can
be neglected.

We demonstrate on Figure S-5 the absolute necessity
to control the water evaporation, in particular at high
temperature. Figure S-5 represents the frequency mea-
sured with aHL pores thermalized to T" = 50°C without
control of the evaporation. As already observed in (18),
the events frequency has an exponential dependence on
salt concentration (at high concentration which is the
case here). On the other hand, the water evaporation
will increase the concentrations of DNA and salt. The
influence of the DNA concentration increase being only
linear, we therefore observed an exponential dependence
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of the frequency with the salt concentration. The salt
concentration (upper scale on Figure S-5) is deduce from
the open pore current considering that the concentra-
tion is 1.0 M if the current is equal to the mean open
pore current from the Figure 2 of the main paper at the
correct temperature. In this case the mean open pore
current is 209 pA at (50°).
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Figure S- 6: Two dimensional probability density functions
P(I,,T;) of events in a-Hemolysin at V = 100 mV and
at Temperature ranging from 2 to 50°C. Two main types
of events are observed previously associated to 3’-end and
5-end entrance in the pore. The two types of event have
duration deacrising with temperature. At 50°C they cannot
be distinguished. The increase of the normalized blocked cur-
rent for the shorter time is due to the low pass filtering of
the signal as described in (3, 4). The number of event in each
histogram are 514, 618, 1059, 1267, 1359, 1628 and 6655 for
2, 5, 10, 15, 20, 30 and 50°C respectively.
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