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Table S1. Sequences of the oligonucleotides used in this study. B represents the 3' biotin-TEG

tag and linker (Figure S1).

Ohgﬁ:;ﬂgohde Oligonucleotide sequence (5'—3')
poly(dC)so CCCCCcCcCcecceceecececeececececececececececececececececececcececcecececece-B
pdwdCf7 CCCCCCcCccrceceeceeeceececececececceccecececcececececceccAacecececee-B
pon(dC)A8 CCCCCCcCcccerceeececeececececececececcecececececececececcecAaccececececee-B
pdﬂdcfg CCCCCCcCccrceeeceeeecececececececcececececcececececceAaccecececececece-B
pdﬂdcfm CCCCCCcCccrceeeceeeecececececececececececcececececAaccececececececece-B
pdﬂdCﬁ” CCCCCCcCcccceceeceececececececececececececececececAccecececececececee-B
pon(dC)A12 CCCCCCcCccrceeeeeececececececececececcececcecceAaccececececececececece-B
pon(dC)A13 CCCCCCcCcceceecececececececececececececcececcecAaccecececececececececee-B
pdﬂdcf” CCCCCCcCccrceeeeeceecececececececcececceccAceeccecececececececece-B
pon(dC)A15 CCCCCCcCcceccececececececececececececececcececAccecececececececececececece-B
pon(dC)A16 CCCCCCcCccrceeeeeececececececececececAaccececccecececececececececee-B
pdﬂdCﬁ” CCCCCCcCcccecececececececececececececcecAaccecececececececececececececee-B
pon(dC)A18 CCCCCCcCccrceeeceeececececececeecAccececececececcecececececececece-B
pon(dC)A19 CCCCCCcCcccececececececececececececAccececececcecececcecececececececee-B
pon(dC)A20 CCCCCCCcCccetcececeecececececeecAccecececececcecececececececececececee-B
pon(dC)T14 CCCcCcCccceeeeeccceececececececececcecececcrTececececececcececceccececee-B
pon(dC)G14 CCCCcCcCccecececeececcecececececececececececeeaececececececececececcecece-n
pon(dC)T16 CCCCCcCcceceeeecceecececececececececcTececececececececececceccececece-B
pon(dC)G16 CCCCCCcCccrceeececceceececececeececceecaececcececcececececececececece-n
pon(dC)T18 CCCCCcCccrceeeeccceecececececececcTecccececececececececececceccecece-B
pon(dC)G18 CCCCCcCcCccrceeececceceececececeeecacecececceccececcececececececececcce-n




Table S2. Residual currents (Irese,) for poly(dC) and oligonucleotides that contain a single
adenine nucleobase for the aHL TBMA2 and TBMA4 proteins. The position of a single adenine
(Ax) nucleobase (nucleobase position between 7-20) is numbered relative to the 3' biotin tag.
The lgesy, values are the mean values (x sd) from n = 3 experiments. Algese, is defined as the
difference in residual current between an A, oligonucleotide and poly(dC) (Irese™ "% - lres%™).
The mean of the Algesy, values from individual experiments and the associated error (+ sd) are
given. The data were collected by using the voltage protocol described in Experimental
Methods. Briefly, +160 mV was applied for 900 ms to drive the negatively charged DNA into the
pore, followed by -140 mV for 50 ms, to eject the immobilized DNA and a final step to 0 mV for
50 ms.

Position TBMA2 Position TBMA4
of AX C of AX C

. IRES IRESp AIRES . IRES IRESp AIRES
adenine (%) (%) (%) adenine (%) (%) (%)

7 352+ | 352+ | 0.0¢ 7 313+ | 313+ 0.0+
0.2 0.2 0.0 0.1 0.1 0.0

8 354+ | 352+ | +0.2 8 309+ | 308+ | +0.1%
0.4 0.3 +0.1 1.5 1.4 0.1

9 349+ | 353+ | -0.5 9 302+ )| 308+ | -0.6+
0.6 0.6 +0.0 1.0 1.0 0.0

10 342+ | 350+ | -0.8 10 293+ | 298+ | 04+
0.4 0.5 +0.1 2.7 2.9 0.2

11 349+ | 352+ | -0.3 11 293+ | 291+ | +0.2+
0.4 0.4 +0.1 2.2 2.2 0.1

12 351+ | 351+ ] 0.0¢ 12 305+ | 30.0+ | +0.5%
0.5 0.5 0.0 3.0 29 0.1

13 352+ | 346+ | +0.5 13 315+ | 308+ | +0.7 %
1.1 1.2 +0.1 2.3 2.3 0.0

14 359+ | 353+ | +0.6 14 307+ | 30.7+ | -0.1%
0.4 0.4 0.0 1.6 1.7 0.1

15 355+ | 355+ | +0.0 15 292+ | 305+ | -14+
0.7 0.7 +0.0 1.6 1.6 0.0

16 335+ | 347+ ]| -1.3 16 292+ | 305+ | -1.3%
0.3 0.4 +0.1 1.3 1.3 0.0

17 339+ | 352+ | -14 17 307+ | 313+ | -06+
0.3 0.3 +0.0 1.7 1.8 0.1

18 340+ | 345+ | -0.5 18 313+ | 313+ 0.0+
0.4 0.4 +0.1 1.5 1.5 0.0

19 341+ | 341+£] 00¢ 19 319+ | 319+ 0.0+
0.9 0.9 0.0 1.7 1.7 0.0

20 344+ | 344+ )| 00¢ 20 314+ | 314+ | -0.1%
1.5 1.5 0.0 0.1 0.1 0.1




Table S3. Residual currents (Irese,) for poly(dC) and oligonucleotides that contain a single
adenine nucleobase for the TBMA6 and TBMAG6/M113G pores. The position of a single adenine
(Ax) nucleobase (nucleobase position between 7-20) is numbered relative to the 3' biotin tag.
The lgrese, values are the mean values (x sd) from n = 3 experiments. Algese, is defined as the
difference in residual current between an A, oligonucleotide and poly(dC) (Irese™ "% - lres%™).
The mean of the Algesy, values from individual experiments and the associated error (+ sd) are
given. The data were collected by using the voltage protocol described in Experimental
Methods. Briefly, +160 mV was applied for 900 ms to drive the negatively charged DNA into the
pore, followed by -140 mV for 50 ms, to eject the immobilized DNA and a final step to 0 mV for
50 ms.

Position TBMAG6 Position TBMA6/M113G
of AXx C of AX C

. IRES IRESp AIRES . IRES IRESp AIRES
adenine (%) (%) (%) adenine (%) (%) (%)

7 213+ | 21.3+| 0.0+ 7 235+ | 235+ 0.0%
1.4 14 0.0 0.5 0.5 0.0

8 213+ | 213+ ]| 0.0+ 8 255+ | 255+ 0.0+
1.8 1.8 0.0 2.0 2.0 0.0

9 222+ | 226+ | -04+ 9 246+ | 246+ 0.0+
1.0 1.1 0.1 1.3 1.3 0.0

10 216+ | 216+ | 0.0+ 10 241+ | 23.7+ | +0.4 +
0.3 0.3 0.0 0.2 0.3 0.1

11 228+ | 23.7+ | +0.9+ 11 260+ | 246+ | +1.4 +
1.3 1.2 0.1 1.4 1.3 0.1

12 230+ | 219+ | +1.1 % 12 250+ | 23.7+ | +1.3¢
0.5 0.6 0.0 0.2 0.2 0.1

13 221+ | 221+ ]| 0.0+ 13 259+ | 259+ 0.0+
0.6 0.6 0.0 1.8 1.8 0.0

14 208+ | 221+ | -1.3+ 14 231+ | 244+ | 13+
0.2 0.2 0.0 1.0 1.0 0.0

15 210+ | 218+ | -09+ 15 228+ | 237+ | -09+
0.1 0.1 0.1 0.2 0.2 0.1

16 215+ | 215+ | 0.0+ 16 255+ | 2568+ | -0.3¢
0.1 0.1 0.0 1.9 1.9 0.1

17 23.0+ | 23.0+x ]| 0.0% 17 252+ | 252+ 0.0+
14 1.4 0.0 1.8 1.8 0.0

18 222+ [ 222+ ]| 00 18 235+ | 235+ | 0.0+
0.1 0.1 0.0 0.4 0.4 0.0




Table S4. Residual currents (Ires%) for poly(dC) and oligonucleotides that contain a single
substituted base at position 18 (aHL NN), 16 (TBMA2 and TBMA4) or 13 (TBMA6 and
TBMA6/M113G) blocking pores. lresw, Alrese,’'=" and & values are shown for n = 3

experiments. Algesy,

OVERALL

is defined as the difference in residual current between the two most

widely dispersed current peaks. The & value is the product of the successive differences
between the peaks. If any two peaks overlap, then the & value is equal to zero. Mean values (+

s.d.) are given.

Residual Current (%)

Residual Current
Difference (%)

OVERALL
ZMRES

N Cis T1s Asg Gis (%) 0
36.9+05 36.4+0.5 36.0+0.5 35.7+0.5 1.2+0.0 0.07 £0.00
N OVERALL
Cis T1e Ass G (%) 0
A2
35.7+01 34.2+01 34.2+01 35.0+£01 1.5+0.1 0.00 £ 0.00
Nl OVERALT
Cis T1e Ass G (%) 0
JAV:)
31.4+28 30.0+27 30.0+27 30.0+27 1.4 +0.1 0.00+£0.00
Nz OVERALL
Cis Tis Az Gis (%) 0
A6
229+14 209+1.3 216+1.3 222+1.3 20+0.2 0.29+£0.06
Al OVERAT
Cis Tis Az Gis (%) 0
A6/M113G
242 +0.3 224 +0.3 22.8+0.3 23.7+0.3 1.8+0.1 0.19+£0.03




Table S5. Kinetic parameters for the interaction of am;3CD with the homoheptameric TBMAG6
and TBMAG6/M113N mutant pores. ko, = 1/to.n[am;BCD], where 1., is the mean inter-event

interval. ko = 1/10%, Where 1. is the mean dwell time of am;BCD in the pore. Kp = Kqi/kon. Values
are shown for n = 3 experiments. Mean values (+ s.d.) are given.

at +120 mV, 40 yM am;BCD
(added to trans)

Kon (M”'s™) Kot (S7) Ko (MM)
TBMAG 33000 £1000 4600 +300 143 +8
TBMAG6/M113N 21200 £1000 2200 +£200 104 +4




Table S6. Kinetic parameters for ANMP and rNMP identification. Comparison of the kinetic
parameters of mononucleotide binding to am;BCD within the TBMA6, TBMA6/M113F and
TBMA6/M113N aHL pores, at pH 6.0 (+120 mV). Mean o, Koft, Irese, Alrese” = - and & values
are shown for n = 3 experiments. Values of k. were determined by using Kq¢ = 1/1¢, Where 1. is
the mean dwell time of each NMP in the pore. I and Igese, values are mean values (s.d.) taken
from Gaussian fits to event histograms. lress, = (Ires/lo) X 100. Algese,’VEF*: is defined as the
difference in residual current between the two most widely dispersed current peaks. The & value
is the product of the successive differences between the peaks. If any two peaks overlap, then
the & value is equal to zero. Mean values (+ s.d.) are given.

40 yM am;BCD (trans) at +120 mV (n = =23)
TBMA6 TBMA6/M113F TBMA6/M113N
Mononucleotide | T Kot IReS Toff Kot Ires Toff Kof Ires
(ms) | (s7) | (%) | (MS) | (s7) | (%) | (ms)| (s) | (%)
4GMP 15.0 | 69.0 | 442 | 18.0 | 54.0 | 19.9 | 8.0 |121.0| 22.8
+1.0 | +1.0 | 0.3 | +1.0 | +2.0 | +2.0 | +1.0 | +1.0 | x0.4
JAMP 14.0 | 73.0 | 453 | 17.0 | 60.0 | 225 | 6.0 | 164.0 | 25.2
+1.0 | 2.0 | 0.3 | 1.0 | +2.0 | +1.8 | +2.0 | +2.0 | +0.8
dCMP 10.0 | 98.0 | 46.8 | 15.0 | 65.0 | 25.9 | 14.0 | 72.0 | 25.6
+20 | +1.0 | +0.3 | +1.0 | #1.0 | +1.8 | #1.0 | +2.0 | +0.5
4TMP 11.0 | 90.0 | 46.3 | 21.0 | 47.0 | 215 [ 17.0 | 58.0 | 23.1
+1.0 | #2.0 | 204 | +1.0 | #1.0 | 2.4 | +2.0 | +2.0 | x0.4
Alges®VERA (%) 2.6+0.4 6.0 +1.4 2.8 +0.6
5 0.5 0.1 5.4 +0.4 0.3 +0.1
GMP 16.0 | 61.0 | 416 | 7.0 |152.0| 149 | 150 | 68.0 | 30.4
+1.0 | +1.0 | 206 | +2.0 | #1.0 | #1.2 | #3.0 | +2.0 | +0.3
AMP 14.0 | 70.0 | 432 | 14.0 | 70.0 | 17.1 | 9.0 | 108.7 | 29.5
+1.0 | #2.0 | 204 | 1.0 | #2.0 | #1.5 | +2.0 | +2.0 | +0.3
CMP 19.0 | 52.0 | 43.9 | 9.0 |111.0| 17.9 | 180 | 55.2 | 28.2
+1.0 | 2.0 | 0.7 | +1.0 | #+1.0 | #1.2 | +1.0 | +2.0 | +0.4
UMP 12.0 | 85.0 | 441 | 6.0 |167.0| 204 | 10.0 | 96.2 | 27.9
+1.0 | +1.0 | 206 | +1.0 | +2.0 | +1.4 | +2.0 | +3.0 | 0.6
AlgesCVERAL (%) 2.3+0.6 5.5 +1.2 25 +0.3
5 0.2 +0.1 4.4 +0.6 0.4 +0.1




Table S7. Voltage dependences of the residual currents (lgesy), dwell times (tor) and
dissociation rate constants (Ko = 1/1o5) for dNMP bound to the TBMA6/M113F«am;CD aHL
pore. Mean 1., Ko, IrRese, are shown for n = 3 experiments. Values of ko were determined by
using Ko = 1/t0%, Where 14 is the mean dwell time of each NMP in the pore. o and Igese, values
are mean values (zs.d.) taken from Gaussian fits to event histograms. Iresy = (Ires/lo) X 100.

Nucleotide Potential | tor | ko= 11/ or | Ires Nucleotide Potential | or k°ﬁ=j/%ﬁ es
mV ms s (%) mV ms s (%)
S T e ey S ey ISV B e S v
20 | 50| %0 |0 120 | 20| 410 | ts
140 | 50| 10 | 16 140 | 0| o |1
160 | 0| o | e1e 180 | 0| 0 | sts
180 | 50| w0 | 22 18| 0| 1o | a3
200 | 50| 10 |14 200 | 50| 0 |14
aamP |00 | Lo 530 | os | oTMP | o | B0 20| i
120 | 10| 20 |18 120 | 330 | a1o | s24
140 | 50| 10 | 16 CRE TR
160 | 50| 0 | a1s 160 | 310 | s10 | 13
180 | 50| 0 | 08 180 | 330 | s10 | 14
200 | 30| 10 | 219 20 | 50| 20 | ars




Table S8. Voltage dependences of the residual currents (lgesy), dwell times (tor) and
dissociation rate constants (ko = 1/t¢) for rNMP bound to the TBMAG6/M113F+<am;3CD pore.
Mean 1., Kor, Ires% are shown for n = 3 experiments. Values of ks were determined by using Ko
= 1/t%, Where 1.4 is the mean dwell time of each NMP in the pore. o and Igesy, values are mean
values (£s.d.) taken from Gaussian fits to event histograms. Irese, = (Ires/lo) x 100.

Nucleofide Potential | 7t | ko= 11/ Tor | IRES Nucleotide Potential | 1 Kot= ':/Toff |res
mV ms s (%) mV ms s (%)

S L vy e P I L I e R e
20| G| Wro |4 ™ a0 | w0 | a1

140 | 50| w0 | w0 0 40| 20 | 14

w0 | 136|702 IR EE

8 | 0| 20 | 220 50| o |12

20 |01 0|3 20 | 500| Mo | a0

AMP |00 | 3o | iJo | arp | e |t | | T | oG
20| io| w0 | e 120 | 0| B0 | 4

140 |50 | w0 | w1 10| o] W0 | 20

wo | 179] 29| BS 0 |50 Go | s

18 | o | 2o | x20 0| 20 | 20

20 |50 1o | e 0 |50 310 | 16




Figure S1. The structure of the biotin-TEG linker used to biotinylate the 3' end of the DNA
oligonucleotides. The structure was produced with ChemBioDraw Ultra 12.0. The length of the
linker, from the biotin to the 3'-phosphate of the first DNA base is ~3 nm, as measured by using
Pymol.
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Figure S2. Current-voltage (V) curves for aHL NN, TBMA6, TBMA6/M113G, TBMA6/M113F
and TBMA6/M113N. The mean current levels for individual pores (+ s.d.) were determined (n 2
3) in 1 M KCI, 25 mM Tris.HCI, pH 8.0, containing 0.1 mM EDTA, over a range of applied
potentials: TBMA6 (navy) and (A) aHL NN (yellow); (B) TBMA6/M113G (purple); (C)
TBMAG6/M113F (red); (D) TBMAG6/M113N (green).
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Figure S3. Representative single-channel recordings with the aHL TBMA6, A6/M113N and
A6/M113F pores, showing CD adapter binding (40 uM am;BCD, trans). In the case of TBM

A6/M113F, the am;BCD remains bound for >1.5 h. The traces were recorded in 1 M KCI, 25 mM
Tris.HCI, at pH 6.0.
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Figure S5. (A) Variation of residual currents (lrese,) With applied potential for each dNMP
detected with the TBMAG6/M113F+sam;BCD pore. (B) Variation of k. with applied potential for
each dNMP detected with the TBMAG/M113F+am;3CD pore. Number of experiments: n = 3. The
data are tabulated in Table S7.
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Figure S6. (A) Variation of residual currents (Irese,) with applied potential for each rNMP
detected with the TBMAG6/M113F-am;BCD pore. (B) Variation of k. with applied potential for
each rNMP detected with the TBMA6/M113F-am;BCD pore. Number of experiments: n = 3. The
data are tabulated in Table S8.
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Figure S7. Typical current traces for the TBMA6 pore when blocked with immobilized poly(dC),o
or poly(dC)*"* oligonucleotides.
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