Co-Evolving Residues in Membrane Proteins

Supplementary Material
	Protein description
	CAMPS code
	PDB code
	TMSpred
	TMSexp
	L
	SC

	Na+ neurotransmitter symporter (snf family)
	aae_gi_2984293
	2A65 | A
	11
	12
	249
	Yes

	Probable ammonium transporter
	eco_gi_1786656
	1XQE | A
	10
	11
	253
	Yes

	AcrB bacterial multidrug efflux transporter
	eco_gi_1786667
	1IWG | A
	12
	12
	262
	Yes

	Succinate dehydrogenase cytochrome B-556 subunit
	eco_gi_1786940
	1NEK | C
	4
	3
	77
	Yes

	Succinate dehydrogenase hydrophobic membrane anchor protein
	eco_gi_1786941
	1NEK | D
	3
	3
	71
	Yes

	Aquaporin Z
	eco_gi_1787101
	1RC2 | A
	6
	6 (8)1
	135
	Yes

	Nitrate reductase A γ subunit
	eco_gi_1787480
	1Q16 | C
	5
	5
	105
	Yes

	Formate dehydrogenase N
	eco_gi_1787750
	1KQF | C
	5
	4
	108
	Yes

	Vitamin B12 transport system permease protein
	eco_gi_1788004
	1L7V | A
	7
	10
	172
	Yes

	Glycerol-3-phosphate transporter
	eco_gi_1788573
	1PW4 | A
	13
	12
	262
	No

	Mechanosensitive channel protein
	eco_gi_1789291
	1MXM | A
	3
	3
	79
	No

	ATP synthase subunit A
	eco_gi_1790176
	1C17 | M
	6 (5)2
	4
	128
	Yes

	Preprotein translocase secY subunit 
	mja_gi_2826286
	1RHZ | A
	10
	10
	228
	Yes

	Fumarate reductase cytochrome B subunit
	wsu_gi_34557228
	1QLA | C
	5
	5
	117
	Yes

	TMSpred: number of predicted TMS

TMSexp: number of TMS experimentally determined from the PDB structure (as obtained from http://pdbtm.enzim.hu/)
L: length of the TMS alignment
SC: indicates whether the used cluster was a SC-cluster (yes) or further re-clustering was required (no)
1 this protein contains two membrane loops which were not considered for the prediction of interacting helices

2 this protein contains six TMS in the CAMPS database of which only five are covered by the PDB structure


Supplementary Table 1
Representative protein structures used for the prediction of co-evolving residues

	PDB code
	McBASC - Miyata
	McBASC - McLachlan
	OMES-KASS
	OMES-FODOR
	CORRMUT
	CAPS
	MI
	SCA
	ELSC

	2A65 | A
	64.0
	50.0
	40.0
	36.0
	35.0
	-
	20.0
	16.0
	30.0

	1XQE | A
	45.1
	41.2
	35.3
	31.4
	25.0
	46.4
	11.8
	33.3
	35.3

	1IWG | A
	44.0
	38.0
	42.0
	54.0
	40.7
	55.6
	6.0
	30.0
	34.0

	1NEK | C
	46.7
	53.3
	66.7
	66.7
	75.0
	-
	26.7
	46.7
	53.3

	1NEK | D
	57.1
	71.4
	35.7
	14.3
	14.3
	-
	0.0
	14.3
	28.6

	1RC2 | A
	59.3
	51.9
	48.2
	40.7
	25.0
	40.0
	14.8
	48.1
	51.9

	1Q16 | C
	57.1
	52.4
	28.6
	61.9
	33.3
	-
	38.1
	33.3
	42.9

	1KQF | C
	45.5
	13.6
	54.5
	31.8
	0.0
	-
	18.2
	18.2
	22.7

	1L7V | A
	67.6
	58.8
	70.6
	58.8
	-
	0.0
	14.7
	26.5
	55.9

	1PW4 | A
	44.2
	38.5
	25.0
	15.4
	34.6
	-
	7.7
	11.5
	25.0

	1MXM | A
	6.3
	0.0
	31.3
	6.3
	50.0
	-
	62.5
	12.5
	25.0

	1C17 | M
	76.2
	61.9
	81.0
	61.9
	33.3
	-
	33.3
	38.1
	81.0

	1RHZ | A
	41.3
	37.0
	41.3
	32.6
	40.0
	31.6
	19.6
	26.1
	28.3

	1QLA | C
	26.1
	21.7
	21.7
	34.8
	52.2
	-
	39.1
	30.4
	30.4


Supplementary Table 2     Prediction accuracies (|δ|=4) for individual proteins and individual prediction algorithms describing the fraction of detected correlated mutations lying within one helical turn of a helix-helix contact.
	Method 
	Proteins
	Acc [%]
	p-value
	Xd
	Acc
(|δ| = 4) [%]
	p-value

	McBASC-Miyata
	14
	6
	1.50E-08
	5.59
	45
	8.52E-25

	McBASC-McLachlan
	14
	7
	2.28E-10
	4.96
	38
	1.51E-13

	OMES-KASS
	14
	7
	3.85E-09
	4.88
	39
	6.75E-15

	OMES-FODOR
	14
	6
	7.11E-07
	4.03
	35
	2.42E-09

	CORRMUT
	13
	7
	7.09E-06
	4.39
	35
	5.55E-05

	CAPS
	5
	7
	7.74E-04
	4.44
	43
	2.70E-06

	MI
	14
	3
	0.031
	-1.82
	17
	0.996

	SCA
	14
	1
	0.81
	0.48
	25
	0.087

	ELSC
	14
	6
	2.04E-07
	3.24
	32
	3.52E-06

	CONSENSUS-14
	14
	8
	3.46E-34
	8.49
	50
	1.73E-91

	CONSENSUS-R-5
	14
	8
	1.44E-31
	6.69
	48
	3.08E-74

	Acc: prediction accuracy for correlations with participating residues on separate transmembrane helices

p-value: significance of the observed prediction accuracy according to a hypergeometric distribution 

Xd: harmonic average for correlations with participating residues on separate transmembrane helices

Acc(|δ| = 4):  percentage of correlations within |δ| residues of a helix-helix contact in the native structure


Supplementary Table 3     Contact prediction accuracies based on Cβ-Cβ distances and a contact threshold of 8 Ǻ for different prediction algorithms applied to 14 membrane proteins with transmembrane segments predicted by TMHMM2.0. 
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Supplementary Figure 1
Distances of correlated pairs (grey) obtained with different prediction algorithms compared to all possible pairs of residues (black).   
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Supplementary Figure 2   Contact maps of the transmembrane helices of the AcrB bacterial multidrug efflux transporter. (A) All correlations detected with the prediction methods McBASC-Miyata, McBASC-McLachlan, OMES-KASS and CAPS. (B) Reduction of false positive predictions using the consensus approach CONSENSUS-R-5 where all correlations lying on helix pairs with less than 5 correlations in total are removed (B). Observed helix-helix contacts are shown in black, correctly predicted helix-helix contacts are shown in blue, all other detected co-evolving residue pairs are shown in orange.





















