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ABSTRACT: Cystic fibrosis (CF) is an inherited disorder that affects about one out of every 3,000
newborns and causes a loss of transport channel activity in the cystic fibrosis transmembrane
conductance regulator (CFTR) protein. Up to date, no solved structure of CFTR and this due to the
difficulty of expressing, purifying and crystallizing of transmembrane proteins. In this study, structural
and functional properties of solved structure ABC transporters in comparison to human CFTR were
investigated using several Bioinformatics tools. Phylogenetic analysis showed that CFTR clusters with
McjD, PglK and Atm1 in one lineage and they might share the same genetic origin. Alignment results
revealed that NBD2 of CFTR contained several conserved amino acids (small fragments with no more
7 following residues) while NBD1 was the only completely shared domain. As a one-to-one protein
comparison, ABCB1 and Pgp (known as permeability glycoproteins) showed the closest biophysical
and biochemical properties to CFTR. These properties include secondary structures, sequence length,
isoelectric point, GRAVY index, coiled coils, longest disorder region and the number of
transmembrane helices. Based on model fitting analysis, outward facing Sav1866 and MsbA were fitted
with the highest correlation coefficients (0.49 and 0.47, respectfully). A homology model of CFTR was
built based on McjD, ABCBL1 and Sav1866. The model showed a significant similarity to ABCBL.
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1.INTRODUCTION

ABC transporters are a superfamily of proteins that can be found in all organisms. In humans, there are
48 ABC transporters [13] and many of them involved in 13 genetic diseases such as cystic fibrosis,
Sitosterolemia, adrenoleukodystrophy, and Pseudoxanthoma elasticum [40]. Structurally, ABC
transporters consist of four main domains, NBD1 and 2 (nucleotide-binding domain) and TMD1 and 2
(transmembrane domain). In addition to these four domains, CFTR has an extra regulatory domain (R-
domain) [35]. Up to date, the only human ABC transporter with known crystal structure is ABCB10.
Most of ABC transporters in pdb (protein data bank) came from bacterial origin. CFTR is an ion channel
that is encoded by the CFTR gene. Mutations in this transmembrane protein cause CF disease [9]. Many
organs in the human body are affected by CF, but the lungs are considered as a more serious medical
condition threatening life [31]. After 25 years of discovering the CFTR gene by Rommens [32], still
there is no cure for CF. However, some trial drugs have confirmed they are effective at treating some
mutations and the basic defect in the disease [39]; [43], [44]. A 3D model of the unknown protein
structure (query) can be built based on known-structure protein (template). Common structural and
functional features and the correct alignment between the query and template is the basis for creating a
reliable 3D model. Homology modelling of protein structure is a field of structural proteomics that
provide details about protein in atomic level with an accuracy comparable to that of low-resolution
structures [34]. It is known that 3D structure of proteins from the same family is more conserved
compared to their primary structure (sequences) [24]. Thus, a sequence similarity can be a good
indication that two proteins with analogous sequence identity are much likely to have homologous
structure.Several three-dimensional models of full-length CFTR (or separated domains) have been built
using ABC transporters as templates [4]; [19]; [7]; [28]; [12]; [30]; [11]; [2]. All these models and
others built based on transports that function as pumps which move ions against their concentration
gradients. CFTR functions as an ion channel which moves ions down their concentration gradients.
This difference in function between pumps and ion channels is one of some limitations regarding
homology modelling of CFTR. In addition, low sequence identity of CFTR compared to ABC
transporters templates (<30%) is another limitation. Beside this, the absence of R-domain in all the
homology templates affects the reliability of the final 3D model structure. Despite all these limitations,
homology modelling is still able to give valuable information about the structure and function of
proteins [11]. The first aim of this study was to collect structural and functional information about the
10 solved structure of ABC transporters (Table 1).Comparing these data to CFTR in order to find the

similarities and differences. This might help to figure out the optimal conditions for enhancing CFTR
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crystallization. The second aim was to find the best model that can be fitted into a 3D density map of

CFTR generated by electron crystallography. Finally, building a 3D model of CFTR based on the

previous mentioned Bioinformatics analysis.

Protein Organism Genbank no. | Pdb no. AA
CFTR Homo sapiens P13569 | --------- 1480
SAV1866 Staphylococcus aureus Q99T13 20NdJ 578
MsbA Salmonella typhimurium P63359 3B60 582
Mc;D FEscherichia coli QIX2WO0 4PLO 580
ABCB10 Homo sapiens QINRKS6 4AYX 738
Atml Saccharomyces cerevisiae P40416 4MYC 690
TM287-TM288 Thermotoga maritima 3QF4_A 4Q4A 587
PCAT1 Ruminiclostridium thermocellum 4RY2_A 4RY2 730
PglK Campylobacter jejuni 5C78_A 5C78 564

Pgp Caenorhabditis elegans P34712 4F4C 1321
ABCB1 (Pgp in mouse) Mus musculus NP_035206 3G5U 1276

Table 1: ABC transporters involved in this study
2. MATERIALS AND METHODS
Templates Selection
The SWISS-MODEL server [5], used to search for templates matching CFTR sequence (PubMed
accession code: P13569). A total of 8362 templates was found to match the target sequence. This list
was filtered by a heuristic down to 50. A one template per protein was selected manually to avoid
repetition. The total number of templates was 10 (Table 1).
Phylogenetic Analysis
MEGA 7 software version 7.0.14 [22] used for Phylogenetic Analysis. 11 amino acid sequences (Table
1) were aligned by Clustal W, version 1.7 [41] using the recommended amino acids settings (multiple
alignment gap opening penalty 3 and multiple alignment gap extension penalty 1.8). The aligned
sequences were saved as the mas format for next step analysis. Before generating a phylogenetic tree
using the maximum-likelihood method, the best substitution model was computed. The LG+G+1 was
the best. Several parameters were changed in the preferences dialog in Phylogeny menu as follows: For
Model/Method, LG model was selected. For Phylogeny test, a bootstrap method with 200 replications
was selected. For Rates among Sites, the gamma distributed with Invariants Sites (G+1) was selected.
For gap/Missing Data treatment, the Partial Deletion was selected. The phylogenetic tree was

constructed based on these parameters.
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Alignment and conserved residues

PRALINE multiple sequence alignment, an online tool [36] used for determining conserved regions.
Aligned sequences (ClustaL, FASTA format) submitted to Gblocks 0.91b server [10] to predict the
shared conserved domains among the 11 transporters. NCBI's conserved domain database [26] used to
search for conserved domains.

Secondary Structure Predication

The secondary structure content of the solved-structure proteins obtained from the PDB (Protein Data
Bank, http://www.rcsb.org/pdb/home/home.do). An online tool, SPIDER2 [18], used to predict CFTR

secondary structure.

Assessment for crystallization

XtalPred is an online tool for prediction of protein crystallizability used to predict biochemical and
biophysical features that may affect protein crystallization [38]. Another online tool, PDPredictor [3]
used to create heat maps of isoelectric point (PI) and grand average hydropathy (GRAVY) of CFTR.
FoldIndex, an online tool used to predict disordered regions of CFTR [29].

3D map of CFTR

The three-dimensional density map of CFTR (PDB code: 4A82, 9.0 A resolution) generated by electron
crystallography [33] used as a template for model fitting. Map-Model fitting performed by Chimera
software. All the 10 transporters models (tablel) were fitted into CFTR map in order to find out the
best homology for CFTR. Two molecules (chain A and B) were fitted into the map by hand and then
position optimized using the Fit-in-Map tool. Simulated map, resolution 9 (restricted to the same
resolution as the experimental map) used to obtain the correlation index.

Homology Modeling

Modeller 9.17 software [47] used to build a 3D model of CFTR based on ABC transporter templates
(ABCBL1, Sav1866 and McjD). 5 scripts were modified in order to run homology modelling commands
(an example of input and output files is provided with Supplementary Material). 5 models of CFTR
were built. The model with the lowest value of the DOPE (Discrete Optimized Protein Energy) was
selected. Further evaluation of model quality performed using RAMPAGE server (Ramachandran Plot
Analysis) [25]. The created model and ABCB1 were analyzed by Pairwise Alignment tool, which is
available at FATCAT server (flexible structure alignment by chaining aligned fragment pairs allowing
twists) [48].
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3. RESULTS AND DISCUSSION

Phylogenetic Analysis

A phylogenetic tree (Figure 1) was generated based on the maximum-likelihood method for the 11
ABC transporters (as shown in Table 1). The result shows that two main branches were created. CFTR
clusters with McjD, PgIK and Atml in one lineage. The other lineage consists of TM287-TM288,
SAV1866, MsbA, ABCB10, Pgp and ABCB1. Constructing the phylogenetic tree into these two
branches gives a possibility that the two groups of proteins are closely related and paralogous. Pcatl

clustered into a separate group, indicating no close sequence relationship.
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Figure 1: Molecular Phylogenetic analysis by Maximum Likelihood Method.
The evolutionary history was inferred by using the Maximum Likelihood method based on the
Le_Gascuel [23] The bootstrap consensus tree inferred from 200 replicates is taken to represent the
evolutionary history of the taxa analyzed [15]. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (200 replicates) are shown next to the branches [15]. Initial
tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the
topology with superior log likelihood value. A discrete Gamma distribution was used to model
evolutionary rate differences among sites (5 categories (+G, parameter = 1.7384)). The rate variation
model allowed for some sites to be evolutionarily invariable ([+1], 2.4990% sites). The analysis
involved 11 amino acid sequences. All positions with less than 95% site coverage were eliminated.

That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any

© 2016 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2016 Sept- Oct RILBPCS 2(3) Page No.116


http://www.rjlbpcs.com/

Al-Zahrani & Ateeq RIJLBPCS 2016 www.rjlbpcs.com Life Science Informatics Publications
position. There were a total of 436 positions in the final dataset. Evolutionary analyses were conducted

in MEGAT [22].

Alignment and Conserved regions

Alignment was performed by PRALINE multiple sequence alignment server. The results showed
several conserved regions (Figure 2). Most conserved amino acids were in NBD2 of CFTR. Pairwise
sequence alignment comparison (Table S1, Supplementary Material) revealed several conserved
regions. The longest conserved region contained 7 residues as follows: CFTR-McjD (GSGKSTL),
CFTR-ABCB10 (KILLLDE) and CFTR-Pgp (KILLLDE). ABCB10 and Pgp showed the highest
Sequence identities. Gblocks 0.91b server used to predict the shared conserved domains among the 11
transporters. Figure S1 shows shared conserved domain as separate portions of ATP-binding cassette
domain 1 of the cystic fibrosis transmembrane regulator. NCBI's conserved domain database used to

search for conserved domains. Results are presented in Table S2.
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Figure 2: Alignment of the 11 transmembrane proteins. Consistency is from 1 (low
conserved) to 9 (high conserved). * indicated identical amino acids.
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Secondary Structure Content

Based on the secondary structure elements for the 11 transports, three groups were created as shown in
Table S3. CFTR, Pgp and ABCBI1 formed a group of ~54% helical and ~9% beta sheet. MsbA, McjD,
ABCBI10 and TM287-TM288 consist of ~63% helical and ~10% beta sheet. CFTR, Pgp and ABCB1
have a higher number of helices and strands compared to the other two groups. This comparison also
shows an inverse relationship between the percentage of secondary structure and the number of helices
and strands. Lower percentages of the secondary structures gave a higher number of alpha helices and
beta sheets. This indicates that the blue group (CFTR, Pgp and ABCB1) has more irregular secondary
structural elements (random coil).

Instability index

ProtParam, online tool [17] used to compute the stability of proteins. The entire 11 transporters were
predicted to be more stable with values less than 40 except of CFTR and MsbA with Instability index
of 43.80 and 46.28, respectively. However, MsbA fused to a 23-residue fusion leader containing an N-
terminal 10 histidine tag to enhance expression and purification [46].

Crystallizability of CFTR

XtalPred server used to predict several biochemical and biophysical features that can affect
crystallizability of protein. Table S4 summarizes calculation and prediction of the 11 transporters
features. ABCB1 and Pgp showed the closest features to CFTR including sequence length, iso-electric
point, GRAVY index, coiled coils, longest disorder region and the number of transmembrane helices.
XtalPred also provides prediction of relative crystallization probability, by two methods, crystallization
class by Expert Pool (EP) and Random Forest Classifier (RF). All the 11 transporters were predicted
as very difficult to be crystallized with few exceptions as shown in Table S4. PDPredictor tool used to
create heat maps of pl and GRAVY of CFTR in order to identify crystalizable truncations. Figure 3
shows a wide range of pl values between 3.35 and 12.7. Most of the protein was natural (Figure 3, 1)
with acidic regions, particularly in R-domain and C-terminus (dark blue color). The variation in
GRAVY was between —2.8 and 3.1 with no obvious hydrophobic regions. The MCSG Z-score (the pl-
GRAVY combination) reveals a possible crystallization in some regions (green color), and a difficult
crystallization in other areas (dark blue) including parts of N-terminus, MSD1, NBD1, R-domain,
MSD2, NBD2 and C-terminus. Further investigation was performed using a FoldIndex server in order
to predict disordered regions of CFTR. The result (Figure S2) showed 11 disordered Regions, the
longest was 50 residues, 268 residues in total. This result shows a good match with the MCSG Z-score

in Graph 3, Figure S2. Dark blue regions, which indicate the locations of poor crystallizability.
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Figure 3: Three heat maps of crystallizability of full-length human CFTR. The pi
(1), the GRAVY (2), and the MCSG Z-score (3). Graph 3 shows CFTR domains
(dashed boxes). N is the start, C is the end of the protein.
Three-dimensional map of CFTR

Atomic models of the 10 ABC transporters were fitted into the three-dimensional density map of CFTR.
Outward facing Sav1866 and MsbA gave the highest correlation coefficients with 0.49 and 0.47,
respectfully (Figure 4, A). In contrast, ABCB1 and Pgp with an inward facing were not able to be fitted
into the map. This was due to the wide-open state of NBDs, which does not match the closed state of
NBDs in the CFTR density map (Figure 4, B). However, Pgp model fitted very well into a 3D density
map of CFTR with a greater separation of domain generated by single particle analysis [2].

Figure 4: Fitted models in the three dimensional density map of CFTR. A, Save1866 model (blue,
top) and MsbA (blue, bottom) fitted into the CFTR map (yellow). B shows the expected location of
NBds (red dashed box) and the expected location of R-domain (red dashed circle).
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Overview of CFTR model
A homology model of CFTR was built using Modeller 9.17 based on three ABC transporters templates

that showed the best closer similarity to CFTR as revealed by the previous analysis (McjD by
phylogeny analysis, ABCB1 by biophysical and biochemical properties analysis and Sav1866 by model
fitting analysis). The CFTR model (Figure 5) revealed a significant similarity to ABCB1 (the best
aligned template selected by Modeller run). The quality of the model evaluated by RAMPAGE server,
which identified 83.2 % of residues (1230 aa) in the favored regions, 11.6 % of residues (171 aa) in
the allowed regions and 5.2 % of residues (77 aa) in the outlier regions of the Ramachandran plot. The
analysis of the Ramachandran plot suggested that the model is of very good quality. The FATCAT
results for comparing CFTR model (query) and ABCB1 (best aligned template) showed that the two
structures are significantly similar with P value < .001. The two structures alignment has 1163
equivalent positions with an RMSD (Root-mean-square deviation of atomic positions) of 2.51, with 3
twists. The best model was created using this order: ABCBL (tseql, best aligned template), Mcjd (tseg2,
template2) and Sav1866 (tseq3, template3). New models run using Mcjd or Sav1866 as the best aligned
template yielded no reasonable model. This might be a result of their short sequence length and the
presence of lots of gaps in the alignment step. Solved structures NBD1 and 2 of CFTR were compared
to the NBDs of CFTR model (Figure 6). The FATCAT results for comparing human NBD1 (pdb:
1XMJ) and NBD1 of CFTR model indicated that the two structures are significantly similar with P
value of 2.93e-09. The two structures alignment has 182 equivalent positions with an RMSD of 2.65,
without twists. Similar results were obtained for NBD2 (pdb: 3GD7) and NBD2 of CFTR model with
P value of 5.55e-16 and 192 equivalent positions with an RMSD of 2.62, without twists.

Figure 5: Superimposed model of CFTR (orange color) over ABCB1 template (light blue color).
The CFTR model shows some structural position shifts in TMDs and NBDs with several disordered
regions.
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Figure 6: Secondary Structure content in NBDS of CFTR Model and Solved Structures of human NBDs.
1, human NBD1 (pdb: 1XMJ). 2, NBD1 of CFTR model. 3, human NBD2 (pdb: 3GD7). 4, NBD2 of CFTR
model. The pdf files of the four structures were modified by deleting the atomic coordinates of amino acids
except (391-670 aa) for NBD1 and (1202-1400 aa) for NBD2. Chimera software used to color the Secondary
Structure in the four structures (1-4). STRIDE server [16] used to determine the secondary structure per residue.

DISCCUSION

Several phylogeny studies were applied to the 48 human ABC transports and divided them into seven
distinct subfamilies A-G [22]; [14]; [45]. In this work, McjD (ABC-B subfamily) clustered with CFTR
(ABC-C subfamily) in one group. However, a shared genetic origin of two genes, does not necessarily
lead to common physiological functions. In 2002, Martinoia et al [27] found that ABC transporters in
plants showed related structures with no related functions. On the other hand, apart from function, [11]
suggested that the McjD atomic model could represent an open state of CFTR, even better than Sav1866
model. The analysis of biophysical and biochemical properties of the 11 ABC transporters suggested
that P-glycoproteins (ABCB1 and Pgp) are the best homology for CFTR. ABCB1 and Pgp are members
of the MDR/TAP subfamily (also known as multidrug resistance protein), which have a bifunctional
role as pump and CI" channel [42]. CFTR functions as CI" channel and shares this activity with P-

glycoproteins. Despite the similar functionality between CFTR and MDR, there was no chance to test
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structurer comparison using fitted models as mentioned before. A similar issue was reported by [33].

PDPredictor tool and FoldIndex server results revealed that the The N- and C-termini of CFTR were
disordered with lower possibility of crystallization. This flexibility of the two ends of CFTR was
experimentally confirmed by NMR (Nuclear magnetic resonance spectroscopy) [20]; [1]; [6]. PI and
GRAVY are considered as the most important biophysical properties affecting the success of protein
crystallization [8]. For this reason, PDPredictor tool used to create heat maps of pi and GRAVY of
CFTR in order to identify crystalizable truncations. It was reported that protein with medium
hydrophobicity and high acidity, increase the probability of successful crystallization [37]. Based on
this study and others, it is possible to design truncation constructs of CFTR for expression and
crystallization experiments avoiding the difficulty of full-length crystallization. Results in Figure3 can
be a good starting point for designing these truncations. Model fitting showed that Save1866 yielded
better fits comparing to other ABC transporters in this study. Several other studies [33]; [30]; [11] used
Sav1866 as a fitting model for CFTR and that are compatible with the results of this work. Most of
homology models of CFTR, which were published previously, have been based on SAV1866 and
MsbA [12]. ABCB1 (and Pgp) in this study showed closest biophysical and biochemical similarity to
CFTR over the other transporters. Furthermore, CFTR, ABCBL1 and Pgp share approximately the same
sequence length, making the produced model more reliable compared to the other templates of
transporters.

4.CONCLUSION
Three parameters were examined in order to build 3D homology model of CFTR. These parameters

were phylogenetic analysis, biophysical and biochemical properties comparison and fitting molecular
models in an EM (electron microscopy) map. Three best CFTR homologues were predicted by the
previous mentioned parameters and used to build a 3D model of CFTR. Biophysical and biochemical
properties comparison suggested ABCB1 as the closest homology for CFTR. This was approved by
molecular modelling which produced a 3D homology model with a significant similarity to CFTR.
Furthermore, the study suggested possible crystallizable truncation constructs that can be added to the
solved structure domains of CFTR (NBD1, NBD2 and R-domain).
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Aligned Proteins | 1aa | 2aa | 3aa | 4aa | baa | 6aa | 7aa | Sequence Identities
CFTR-SAV1866 59 9 4 0 1 0 0 100
CFTR-MsbA 66 16 2 0 1 0 0 113
CFTR-McjD 55 14 2 0 0 0 1 102
CFTR-ABCBI1 135 28 5 1 1 1 0 229
CFTR-ABCB10 57 14 2 1 1 1 117
CFTR-Atm1 74 18 0 0 0 1 0 118
CFTR-TM287— 47 22 3 0 0 1 0 120

TM288

CFTR-PCAT1 72 19 3 2 0 0 129
CFTR-PglK 44 14 2 0 1 0 0 89
CFTR-Pgp 126 22 8 1 1 0 1 216

Table S1: Pairwise sequence alignment comparison shows identical amino acids.

Xaa shows the number of amino acids in the conserved region. CFTR-ABCB1 and Pgp recorded the
highest sequence identities. Pairwise alignment was performed by PRALINE.
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protein Accession Domain Description Interval E-Value
cd03291 ATP-binding cassette domain 1 389-670 0e+00
cd03289 ATP-binding cassette domain 2 1208-1480 0e+00
CFTR pfam14396 regulator domain 639-850 1.54e-137
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 83-350 7.07e-41
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 862-1147 3.72e-49
cd03251 ATP-binding cassette domain 340-573 3.04e-137
Sav1866 pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 12-294 4.35e-39
cd03251 ATP-binding cassette domain 342-576 2.61e-149
MsbA
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 27-298 2.32e-54
cd03228 ATP-binding cassette domain 345-554 7.83e-56
McjD cl00549 ABC transporter transmembrane region, a unit of six transmembrane 48-300 2.64e-04
cd03249 ATP-binding cassette domain 1 389-625 2.71e-151
ABCB1 cd03249 ATP-binding cassette domain 2 1031-1270 1.09e-151
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 50-341 3.14e-72
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 711-987 1.50e-62
cl02554 The PWWP domain, named for a conserved Pro-Trp-Trp-Pro motif 1-26 6.86e-03
ABCB10 cd03249 ATP-binding cassette domain 493-733 5.27e-142
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 171-441 1.17e-48
cd03253 ATP-binding cassette domain 436-674 1.42e-147
Atm1 pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 111-389 4.08e-39
cl21455 P-loop containing Nucleoside Triphosphate Hydrolases 340-566 3.80e-90
TM287-TM288
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 23-296 2.56e-41
cd02418 A sub-family of peptidase family C39 13-146 2.48e-58
PCAT1 cl21455 P-loop containing Nucleoside Triphosphate Hydrolases 489-721 5.80e-106
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 172-442 7.56e-40
cl21455 P-loop containing Nucleoside Triphosphate Hydrolases 353-563 4.75e-77
PglK cl00549 ABC transporter transmembrane region, a unit of six transmembrane 16-250 5.51e-07
cd03249 ATP-binding cassette domain 1 416-653 3.34e-146
cd03249 ATP-binding cassette domain 2 1077-1316 3.83e-148
Pgp pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 77-369 7.50e-56
pfam00664 ABC transporter transmembrane region, a unit of six transmembrane 754-1031 8.43e-50

Table S2: Conserved domains located into the 11 transporters.
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Protein % helical % beta sheet No. of No. of
helices strands
CFTR 54 9 67 35
1 Pgp 54 9 50 30
ABCB1 55 7 43 24
MsbA 63 10 24 14
2 McjD 62 10 20 14
ABCB10 62 10 22 14
TM287— 62 10 25 14
TM288
SAV1866 63 9 32 12
3 Atm1 59 10 29 14
PCAT1 57 10 28 23
PglK 61 6 19 12

Table S3: Secondary structure content of the 11 ABC transporters. (1) Indicates a group of
proteins sharing a similar secondary stature content (including CFTR). (2) Indicates a group
categorized according to its secondary structure similarities. (3) Boxes indicate the rest of the

transports that have a different secondary structure percentage.
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Target id EP- RF-
class class

TM287-TM288 5 11
ABCB1 5 11
Pcatl 5 11

Pgp 5 11
McjD 5 11
Pglk 5 5
MsbA 5 11
ABCB10 5 11
Sav1866 5 6
Atml 5 10
CFTR 5 11

Length Gravy

587
1276
730
1321
580
564
582
738
578
690
1480
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index

0
0
0
0
0
0
0
0
0

0.
0.

.22
.03
.20
.04
.22
.21
.14
L11
.20

005
02

Instability Isoelectric
index (II) point (pI)
25.25 9.07
31.65 8.94
24.81 8.79
31.64 7.99
36.65 8.09
30.66 9.26
46.31 8.32
38.19 9.87
30.68 6.72
28.84 9.62
43.83 8.91

Coiled
coils

21
21
45
21

21
21
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Longest
disorder
region
19
65
18
81
20
19
19
86
18
50
73

Percentage of
coil structure

24
27
27
29
24
22
23
34
24
29
31

Transmembrane

helices

(TM)

Table S4: Biochemical and biophysical features that may affect crystallizability of the 11 transporters.

Yellow highlighted numbers indicate the closest values to CFTR. The analysis was performed by XtalPred server.
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Figure S1: A portion of alignment results reveals conserved domain among the 11 transporters. Thick dark blue color indicates
a conserved domain, which is mostly located in the NBD1 region of CFTR.
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Figure S2:
Disordered regions of CFTR. Upper graph shows the locations of folded and unfolded regions f CFTR sequence.
Bottom graph shows the Fold Index for CFTR. Unfold ability 0.236 (Charge: 0.013, Phobic: 0.503).
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