6 8 5 C A B I O S APPLICATION NOTESVol. 10 no. 6 1994Pages 685-686TopPred II: an improved software for membrane protein structure predictionsManuel G.Claros1, Gunnar von Heijne2Integral membrane proteins have parts of their polypeptidebackbones embedded in a phospholipid bilayer. Thesehydrophobic, membrane-spanning domains are separated byhydrophilic segments exposed to the aqueous environmentand seem to fall into two basic modalities: a-helix bundleand anti-parallel §-barrel membrane domains. For the helixbundle proteins, two easily identifiable features appear to bethe major structural determinants: the long apolar stretchesthat form the transmembrane a-helices, and the biaseddistribution of charged residues in the polar regions, knownas the "positive-inside" rule (von Heijne, 1986). Recently,attempts to predict topologies of eukaryotic and prokaryoticintegral membrane proteins that form a-helical structures,have been reported (von Heijne, 1992; Sipos and vonHeijne, 1993). This work has indeed shown that thetopology of such proteins can be effectively deduced fromthe amino acid sequence. Thus, the aim of developingTopPred II is to compile all existing knowledge abouttopology in order to permit easy access to prediction ofmembrane protein topologies. TopPred II is an improved version of the precedingfreeware TOP-PRED (von Heijne, 1992). It is now a stand-alone application written in Symantec THINK Pascal toallow its operation on any Macintosh computer with a6.0.2 (or beyond) system, respecting the standard Applefile- and window-handling procedures, and making extensiveuse of the graphic abilities of Macintosh computers. Thecompiled program is very compact (~90 Kb) and all thedefault parameters, scales and texts have been built intoresources to allow easy access and ability for permanentmodifications by the user. Input sequence files are limitedto 2000 amino acids. Sequences can be handled one by oneor in groups of up to 20. Parameters and scales can beeasily modified through standard dialogs, which also enableone to re-establish the TopPred II default values.Calculation of the hydrophobicity profile, transmembranesegments and topologies (see below) can be requested. Allthe displayed results (texts as well as graphics) can beprinted out or saved in files that can be imported by otherprograms. The prediction of membrane protein structure beginswith the construction of a hydrophobicity profile (Figure1A) which serves to identify �certain� and �putative�transmembrane segments (Figure 1B). This isaccomplished using a trapezoid sliding window (a moredetailed description of the method is given in (von Heijne,1992)) which is more realistic than a simple rectangularwindow. Although several hydrophobicity scales areprovided with the program, the GES one (Engelman et al.,1986) is recommended. Transmembrane domains areconsidered as �certain� or �putative� according to the �UpperCutoff� and �Lower Cutoff� parameters. Once thetransmembrane segments have been identified, thetopologies (Figure 1C) are predicted differently foreukaryotic and prokaryotic proteins. For prokaryoticproteins, the number of positively charged residues(including the free N-terminal amino group) at inter-transmembrane segments of each structure is counted.Segments longer than the �Critical Length� parameter [60residues, (Andersson and von Heijne, 1993)] are notconsidered (von Heijne and Gavel, 1988), but the first N-terminal loop segment is always taken into accountregardless of its length (von Heijne, unpublished results).The best topology is then predicted by application of the�positive-inside� rule (von Heijne, 1986). In the case of eukaryotic proteins, three different criteriaare used to determine the topology (Sipos and von Heijne,1993). The first is, as for prokaryotic proteins, thedifference in positively charged residues between the twosides of the membrane. The second criterium considered isthe net charge difference (Arg, Lys, Glu, Asp) between the15 N-terminal and the 15 C-terminal residues flanking themost N-terminal transmembrane segment (Hartman et al.,1989). Finally, the overall amino acid composition ofloops longer than 60 residues is analysed by thecompositional distance method (Nakashima and Nishikawa,1992). The program also has an option in which theunfavorable free energy of membrane insertion of chargedresidues in the transmembrane segments can be reduced bymeans of the �Charge-pair Energy� parameter if they canform i,i+3 and i,i+4 charge-pairs. The topologies are constructed considering all the certainand transmembrane segments, but either including ofexcluding each of the putative ones. IN the present versionof TopPred II, the resulting structures are ranked according1 Ecole Normale Sup�rieure, Laboratoire de G�n�tique Mol�culaire,CNRS URA 1302, 46 rue d’Ulm, 75230 Paris Cedex 05, France, and 2Department of Biochemistry, Arrhenius Laboratory, StockholmUniversity, S-106 91 Stockholm, Sweden.� Oxford University Press

6 8 6 to their degree of bias in the distribution of positivelycharged residues. The rationale behind this ranking is thatthe correct structure should have a largest charge bias(Figure 1C), because any structure with an incorrect numberof segments would have one or more polar domainsmisplaced. It should be noted that the topology analysesmade by TopPred II have only been verified on proteinswhich are synthesised in the cytoplasm and inserted in theprokaryotic inner plasma membrane, or the eukaryoticendoplasmic reticulum. However, there is some evidencesuggesting that it might also be useful for proteinssynthesised in the mitochondrial matrix and inserted in themitochondrial inner membrane (Gavel and von Heijne,1992) or synthesised in the chloroplast stroma and insertedinto thylakoids (Gavel et al., 1991). TopPred II predicts protein topology quite well: thetopologies of 95% of the tested prokaryotic proteins, and83% of the tested eukaryotic proteins were correctlypredicted (von Heijne, 1992; Sipos and von Heijne, 1993).TopPred II can be freely obtained by anonymous FTP fromthe EMBL server (Fuchs, 1990), upon request to theauthors at claros@biologie.ens.fr or gvh@csb.ki.se, or ona floppy disk (enclose a formatted disk and a self-addressedenvelope).AcknowledgementsThe authors would like to acknowledge C.Jacq for permitting therealisation of a part of this work in his laboratory, and toE.Casademunt for the critical reading and revision of the manuscript.This work was supported by grants from the Swedish Medical ResearchCouncil and the Axelsson-Johnsson Foundation to GvH.ReferencesAndersson, H. and von Heijne, G. (1993). Sec dependent and secindependent assemply of E.coli inner membrane proteins: thetopological rules depend on chain length. EMBO J., 12, 683-691.Engelman, D.M., Steitz, T.A. and Goldman, A. (1986). Identifyingnonpolar transbilayer helices into amino acid sequences ofmembrane proteins. Annu. Rev. Biophys. Biophys. Chem., 1 5 ,321-353.Fuchs, R. (1990). Free molecular biological software available fromthe EMBL file server. Comput. Applic. Biosci., 6, 120-121.Gavel, Y., Steppuhn, J., Herrmann, R. and von Heijne, G. (1991). The�positive-inside� rule applies to thylakoid membrane proteins.FEBS Lett., 282, 41-46.Gavel, Y. and von Heijne, G. (1992). The distribution of chargedamino acids in mitochondrial inner-membrane proteins suggestsdifferent modes of membrane integration for nuclearly andmitochondrially encoded proteins. Eur. J. Biochem., 205, 1207-1215.Hartman, E., Rapoport, T.A. and Lodish, H.F. (1989). Predicting theorientation od eukaryotic membrane proteins. Proc. Natl. Acad.Sci. USA, 89, 5786-5790.Nakashima, H. and Nishikawa, K. (1992). The amino acidcomposition is different between the cytoplasmic and extracellularsides in membrane proteins. FEBS Lett., 303, 141-146.Sipos, L. and von Heijne, G. (1993). Predicting the topology ofeukaryotic membrane proteins. Eur. J. Biochem., 213, 1333-1340.von Heijne, G. (1986). The distribution of positively charged residuesin bacterial inner membrane proteins correlates with thetransmembrane topology. EMBO J., 5, 3021-3027.von Heijne, G. (1992). Membrane protein structure prediction.Hydrophobicity analysis and the positive-inside rule. J. Mol.Biol., 225, 487-494.von Heijne, G. and Gavel, Y. (1988). Topogenic signals in integralmembrane proteins. Eur. J. Biohem., 1 7 4 , 671-678.Manuel G. Claros and Gunnar von HeijneFig. 1. Example of TopPred II output results using the prokaryoticprotein ProW. A) Hydrophobicity profile obtained with defaultparameters. B) Candidate transmemebrane segments deduced from theprevious profile. C) The best topology among the two possible ones.This topology accurately agrees with the recent experimental resultsobtained for this protein: 7 transmembrane segments and the N-terminus in the periplasm (Withley, P., Zander, T., Ehrmann, M.,Haardt, M., Bremer, E., von Heijne, G., in preparation). ProW proteinalso illustrates one of the new characteristics of the current version ofTopPred: N-terminal tails appear to follow the �positive-inside� rule,irrespective of their length.ProW E. coliN> : Too long to be significativeKR Diff : Positive charge difference< : Too short to be significativeLl : Loop lengthKR : Number of Lys and Arg 1 2 3 4 5 7 8LL = 98KR = 4LL = 2KR = 0LL = 2KR = 0LL = 22KR = 4LL = 2KR = 0LL = 39KR = 3LL = 9KR = 2LL = 33KR = 8CKR Diff =-9OUTSIDE 1CproW :: ProW E. coliCandidate membrane-spanning segments:Certain 1 99- 119 2.0250Certain 2 122- 142 2.0240Certain 3 145- 165 2.4042Certain 4 188- 208 1.8844Certain 5 211- 231 1.2417Putative 6 248- 268 0.6021Certain 7 271- 291 2.2417Certain 8 301- 321 1.8156B0100200300-5-4-3-2-101234PutativeCertainProW E. coli<H>(GES)Full Window21Added Residues1Core Window11Critical Length60Charge-pair Energy0.0Amino Acid Position

AGraphic TopologyHydrophobicity ProfileResultsSave Data