Supporting Information

New model of CEFTR proposes

active channel-like conformation

James Dalton, Ori Kalid, Maya Schushan, Nir Ben Tal, Jordi Villa-Freixa

TOC

1. Previous homology models of CFTR (Figure S1)
2. Sequence alignment to Sav1866 (Figure S2)
3. Assignment of TM3, TM8 and TM11
a. Figure S3 comparing assignment of TM3 between current and
previous models
b. Figure S4 comparing assignment of TMS8 between current and
previous models
4. Analysis of the TM region of CFTR in an MD simulation (Figure S5).
5. Tables
a. Table S1 comparing the existence of experimentally suggested salt
bridges and hydrogen-bonds between current model and previously
published models
b. Table S2 comparing experimentally derived pairwise distances
between current model and previously published models
c. Table S3 summarizing functional and accessibility data for TM6
residues

6. Coordinates of the pre-MD CFTR model.

This material is available free of charge via the Internet at http://pubs.acs.org.




Figure S1. The homology models of Serohijos ez al.” (left) and Mornon et al.® (right). The
"outward-facing" conformation of both models results in an overly extended pore which does

not reflect the experimentally proposed architecture.
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Figure S2. Sequence alignment of CFTR to Sav1866

Assignment of TM3, TM8 and TM11
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The assignments of TM3, TM8 and TM11 were the most challenging. Profile-to-profile
alignments uniformly predicted the boundaries for TM3, placing a single gap in the sequence
of CFTR within the suggested segment, despite differences in the exact position of the gap.
Examining hydrophobicity and conservation, we decided to place the gap before L198,
approximately at the membrane boundary, ensuring that the majority of highly conserved and
polar residues in TM3 do not face the membrane, as shown by Consurf' calculations in

Figure S3.

The initial assignment of TM8 was in agreement with the expected conservation pattern.
However, this assignment also oriented D924 towards the membrane, which is energetically
disfavored and conflicts with experimental data, suggesting a salt bridge between D924 and
R347'. To resolve this discrepancy, the first residue of TM8 was shifted one residue
downstream and a gap was inserted in the pairwise alignment directly after D924, effectively
rotating the side chain by ~100° toward the core of the TM bundle. This gap was modeled
with helical constraints within MODELLER to ensure maintenance of helical structure.
Although the insertion of this gap was not enough for salt bridge formation in itself, it
provided improved starting conditions for subsequent refinement, ultimately resulting in salt
bridge formation. Interestingly, the equivalent region in Sav1866 possesses two sequential
prolines, suggesting that this region of TM8 may be distorted, and providing justification for
inserting a gap in the pairwise alignment. The resulting TM8 alignment remained in

agreement with the conservation pattern as calculated by Consurf (Figure S4).

In the case of TM11, the assignment suggested by all profile-to-profile alignments placed the
relatively hydrophilic segment between S1094 and R1102 inside the membrane core, while
the more hydrophobic region stretching from 11119 to G1123 was positioned outside the
membrane at the extracellular side. Moreover, this caused the highly conserved R1102 to
face the lipid tails, approximately one helical turn above the membrane boundary, which is
counter-intuitive. Inserting three gaps in the former assignment shifted the helix three
residues upstream (corresponding to residues: P1072, Y1073, F1074), offering a potential

solution to these inconsistencies. Again, this region was modeled with relevant helical



constraints within MODELLER to ensure maintenance of the helical structure of TM11 and
ICLA4.
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Figure S3. Different assignments of TM3 in light of evolutionary conservation. The
models are colored by evolutionary conservation according to the Consurf' color scale, and
only the TMDs are shown for clarity. A) Overview of current orientation; (B-D) Side view of
current model in its initial outward-facing conformation, Serohijos2 and Mornon® models,
respectively. All the helices, excluding TM3, are shown as transparent ribbons. The residues



that were assigned the highest conservation scores (grades 8 and 9) in TM3 are depicted as
spheres. In this case, the current model orients all conserved residues, except for Pro205,

towards the core, in contrast to the previously published models.
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Figure S4. Different assignments of TM8 in light of evolutionary conservation. The
models are colored by evolutionary conservation according to the Consurf' color scale, and
only the TMDs are shown for clarity. A) Overview of current orientation; (B-D) Side views
of current model in its initial outward-facing conformation, Serohijos® and Mornon® models,



respectively. All the helices, excluding TMS, are shown as transparent ribbons. The residues
that were assigned the highest conservation scores (grades 8 and 9) in TM8 are depicted as
spheres. In contrast to the previously published models, most variable residues are facing the
membrane.
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Figure S5. RMSD of the TM region (Ca atoms) of wt CFTR calculated over a 75ns MD
trajectory, starting from the initial relaxed structure. The backbone of the TMs stabilizes over
the course of the simulation, suggesting convergence may have been reached. The first phase
of the simulation (0-30 ns) contains the constrained CI column. In the second phase (30-45
ns), the CI column is annihilated and replaced with unconstrained water molecules during an
equilibration period (protein constraints are applied and gradually released). The third phase

(45-75 ns) of the simulation is constraint-free.



Table S1: existence of experimentally proposed salt-bridges and hydrogen-bonds

Serohijos | Mornon Current Current
" : model
Salt bridec Ref outward | outward conducting after MD
g facing facing state" (75ns
model? model’ model . .
simulation)
4 7] ©n w0
R347(TM6) — D924 (TMS) 2 ° ° °
5 v v
R352 (TM6) — D993 (TM9) 2 2 2 2
Hydrogen bond
6 172] v
R555 (NBD1) — T1246 (NBD2) 2 2 2 2

Table S2: Inter-residue distances compared with experimental cross-linking data

=
. CB-CB or CB-CA g
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wn
95(TM1)- 7
1141(TM12) + ND ND | ND | ND | ND [ND | ND | 191 | 107 | 63 | 102
171(ICL1)- 8
407(NBD1) ND ND + ND 20.8 | 140 | 128 | 147
171(ICL1)- 8
408(NBD1) ND ND + ND 228 | 129 | 146 | 171
171(ICL1)- s
1261(NBD2) - - - - 30.0 | 385 | 40.1 | 389
172(ICL1)- s
543(NBD2) - - - - 277 | 199 | 186 | 17.9
172(ICL1)- 8 Flexible
1341(NBD2) + + + + 96 | 66 | 11.8 | 109 Loop
268(ICL2)- 8 Flexible
1294(NBD2) + + + + 51 | 41 | 56 | 47 Loop




fgﬁ(faé%é 8 + + + 1.0 | 116 | 102 | 108 F}f;‘;zle
f;gg(glggzi 2 + + + 53 | 40 | 53 | 48 F}f;‘(‘};e
f;gfg%gz) 2 ND + + 66 | 51 | 45 | 65 ngizle
ggg&g&) 8 weak + weak 57 | 104 | 84 | 96 ngg}’:e
g;‘gqﬁg)' 9 - - + 133 | 96 | 104 | 89
?‘fﬁ?ﬁi‘z 10 - 148 | 171 | 115 | 104
ﬁiﬁ%ﬂzz 10 - 146 | 185 | 132 | 134
ﬁgé%?m 10 + 229 | 145 | 123 | 139
3221;(5(]31121)' 8 ; - - 480 | 336 | 326 | 321
‘g;‘éNBgl);)z') 11 13.5 | 205 | 193 | 196
‘g;‘f%gé)z‘ 11 239 | 318 | 339 | 326
‘gzg‘%g];)z‘) 1 209 | 327 | 310 | 316
459(1\(}?3D1)-) 11 73 6.5 59 57
1379(NBD2)

‘1‘2:21(71\(213}13)1;)2_) 1 weak 75 | 79 | 83 | 89 |
ngE‘IEIIBCII)flt;_ § ND + + 41 | 45 | 59 | 62 Ff(’)‘(l)zle
ng(zNBllg)];)z- 8 + + + 109 | 115 | 107 | 14.1 ng‘;zle
ngﬁ%ﬁﬂ'} 8 + + + 77 | 86 | 91 | 59 F}i’)‘gr”le
‘fgg%ﬁ?ji' § ND + + 75 | 101 | 104 | 97 ngizle
?8?%23;' 2 ND + + 70 | 78 | 73 | 83
?8?%1(3323_ 2 weak + + 20 | 57 | 71 | 75

? 8?8?11(3:23_ 2 weak + + 70 | 98 | 101 | 114
?83%23;' 2 ND + + 76 | 89 | 66 | 121
?ég%%ﬂ;' 2 weak + + 62 | 109 | 99 | 11.8 ngizle
3‘6‘2(?52)1)' 8 + + + 109 | 76 | 112 | 105 ng‘;zle
?ggéﬁlgig' 8 + + + 94 | 80 | 59 | 87 F}i’(’)‘gr”le
s40NBDI)- | 79 | 79 | 83 | 88
1248(NBD2) | ©

?;‘géNB;;)z‘ 11 377 | 374 | 375 | 351
?‘3‘%1‘%;;)2‘1 1 149 | 136 | 137 | 119
?‘3‘3&%%)2') 1 277 | 282 | 285 | 27.3
?gg%ﬁ?fg' 2 ND | weak weak 46 | 102 | 70 | 101
?ggéNB}%)z_ 11 309 | 288 | 307 | 33.5
60%1‘%;;)2‘) 1 98 | 79 | 78 | 120
éél(l(gm)-; 3 N N N w1 | 2 | aa | 75 ng(i)zle
éé??l(gg]))') 8 + + + 75 | 62 | 62 | 78 F}f"ible
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962(ICL3)- Flexible
1261(NBD2) + + + + 40 | 64 | 49 6.7 Loop
966(ICL3)-

1341(NBD2) - - - - 240 | 251 | 250 | 245

ND: Not Determined

Red: Significantly contrasting with cross-linking data, i.e. model distance outside range of

measured cross-linking distances. As CFTR is an inherently dynamic structure which also

contains several flexible loop regions, multiple cross-linking distances may be possible in

several locations.

*MXM cross linker spacer size estimates taken from Loo and Clarke 2001'%; BMOe and

BMH cross linker spacer size estimates taken from Mense, et al 2006'"; Cu(Il)(o-

phenanthroline)” cross linker spacer size estimate taken from Stockner et al. 2009."

Table S3: Functional and accessibility data of TM6 residues

™/
ICL

Residue

Mutation

Functional Effect

Ref

T™6

1332

Inaccessible to covalent modification

T™M6

1333

less reactive to MTS reagents in the
open channel state

T™6

R334

MTSET reaction rate greater in
closed state

Reduced conductance; Covalent
modification reveals that positive
charge is critical; Reaction to MTS
reagents is not state dependent.

Reduced block of CI' conductance by
[Au(CN).]

No detectable CI” current

Reduced single channel conductance;
Reduced block of CI' conductance by
[Au(CN),]

10




W/Q/ 16
LH Reduced conductance
Less reactive to MTS reagents in the 14
C open channel state
Reactive to covalent modification 18
ST 19
™6 K335 No effect on SCN’ binding
A
Reduced single channel conductance 17
Reduced SCN binding; Modified
D/E anion selectivity; Increased 19
Ki»(IBMX)
C Slowly reactive, only to permeant 18
probe [Ag(Cn)]
T™M6 1336
A Reduced single channel conductance 17
. 14,
c Reactive only to permeant probes
[Ag(Cn),] and [Au(Cn),] 18
17
Reduced single channel conductance; ’
™6 F337 A Modified anion selectivity 20
S Modified anion selectivity 2
14,
C Accessible to covalent modification 18
Increased single channel
A conductance; Reduced block of CI” 17
™S T338 conductance by [Au(CN);]
Increased conductance, Modified 21
A/S . A
anion selectivity
VN Decreased (_:onductan_cc?; Modified 21
anion selectivity
A Minor changes in selectivity to larger 2
anions
T™M6 T339
C Slowly reactive, only to permeant 18
probe [Ag(Cn),]
T™6 1340 C Reactive only to permeant probe 18
[Ag(Cn).]
L s 14,
C Limited accessibility to covalent
modification 18
. . 22
Changed anion selectivity
T™M6 S341
A Reduced conductance »
23

Decreased block by DPC and NPPB

11



Abolished block by high
E concentrations of DPC; Abolished 22
anion selectivity more than any other
mutation tested
Slightly altered anion selectivity =
T
Slightly decreased block by DPC z
™S F342 C Reactive only to permeant probe 18
[Ag(Cn),]
T™M6 C343 Unreactive to covalent modification 18
Reactive only to permeant probes 18
T™M6 1344 C . _
[Ag(Cn),] and [Au(Cn),]
™S V345 C Reactive only to permeant probe 18
[Ag(Cn).]
T™M6 L346 C Unreactive to covalent modification 18
T™M6 R347 C Unreactive to covalent modification 18
Reactive only to permeant probes 18
T™M6 M348 C . _
[Ag(Cn),] and [Au(Cn),]
Reactive only to permeant probe 18
TM6 A349 C .
[Ag(Cn),]
T™M6 V350 C Unreactive to covalent modification 18
T™M6 T351 C Unreactive to covalent modification 18
T™M6 R352 A/Q Open state destabilized 5
Reactive only to permeant probe 18
T™M6 353 C .
Q [Ag(Cn)]

PL: Pore Lining

NPL: Non Pore Lining

Coordinates of the pre-MD CFTR model

Available at http://ibis.tau.ac.il/wiki/nir_bental/index.php/Trans-

membrane structure prediction
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