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7 LBIESY OB R ET G
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C. elegans (R H) 14.100 5,778 30.1
D. melanogaster (>3 <37/\1) 6.305 2,835 20.1
S. cerevisiae (B £2) 4289 1,303 20.7
E. coli (KiZ=) 1,709 898 20.9
H. influenzae (1> ZILITUHHE) 4100 323 18.9
B. subutilis (A& =) 480 987 24.1
M. genitalium (Y4375 X) 850 97 20.2
B. burgdorferi (T4 LfRIRIEE) 1052 244 28.7
C. pneumoniae (V35327) 894 292 27.8
C. trachomatis (F>3—<JRR{K) 1522 219 24.5
A. aeolicus (FBHIFEAMEHE) 3169 315 20.7
Synechocystis sp. (7> 5£8) 1715 818 25.8
M. jannashchii (A2 4 FE T #l &) 1,869 324 18.9
M. thermoautotrophicum (A2 EH#llE) 2 407 407 21.8
A. fulgidus (iR =Tl =) 492 20.4

Krogh et al. (2001) J. Mol. Biol., 305, 567-580
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134 bacterial M. musculus C. elegans A. thaliana
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E. cuniculi S. cerevisiae S. pombe P. falciparum
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Sensory Rhodopsin Cytochrome c oxidase Photosynthetic

(PDB: 1F88) (PDB: 1H68) (PDB: 10CC) reaction center
(PDB: 1PRC)

A FRIL. EEA

g

[ 4

Bacteriorhodopsin Aquaporin Potassium channel ABC transporter Porin
(PDB: 1C3W) (PDB: 1J4N) (PDB: 1BL8) (PDB: 1L7V) (PDB: 1PRN)
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Prediction method (reference)

Feature (urL)

KKD (lein et al., 1985)
SOSUI (Hirokawa et al., 1998)

TSEG (Kihara et al., 1998)

hydrophobicity-based; discriminant function

hydrophobicity- and amphiphilicity-based,
length of sequence
(http://sosui.proteome.bio.tuat.ac.jp/cgi-bin/sosui.cgi?/sosui_submit.html)
Mahalanobis distance with the average
hydrophobicity and periodicity of hydrophobicity

(http://mvww.genome.ad.jp/SIT/tsegdir/tseg_exe.html)

PRED-TMR2 (pPasquier and Hamodrakas, 199@rtificial NN

TMHMM 2.0 (Krogh et al., 2001)
PRED-CLASS (Pasquier et al., 2001)

DAS-TMfilter (cserzs et al., 2002; 2004)

(http://biophysics.biol.uoa.gr/PRED-TMR2/input.html)

HMM

(http://www.cbs.dtu.dk/services/ TMHMM-2.0/)

cascading artificial NN
(http://02.biol.uoa.gr/PRED-CLASS/input.html)

comparison between transmembrane segments

in a library of documented proteins
(http:/mww.enzim.hu/DAS/DAS.html)
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TMHMM

http://www.cbs.dtu.dk/services/ TMHMM-2.0/
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PRED-TMR2 (Pasquier and Hamodrakas, 1999)

Table I. Propensity values and corresponding input used in the neural IYTRIWAA I KMTS Analyzed sequence
network for the 20 amino acid residue types that belong o tmansmembrane
segments, calculated from the entire SWISS-PROT database 0401 03 03 03 - -~ - 03 04 00 L4 05  Comresponding input values
Residue P, NN input Input Layer
Phenylalanine F 2,235 1.000
Isoleucine 1 2.083 0.929
Leucine L 1.845 0.817 Hidden Layer
Tryptophan W 1.790 0.791
Valine v 1.756 0.775
Methionine M 1.502 0.655 J000Ceceeee Ouutput Layer
Alanine A 1.383 0.599 ) , o
Cysteine C 1.202 0514 Fig. 1. Schematic architecture of the neural network. Amino acids of the
Glycine G 1.158 0,404 input sequence are converied to unique input values corresponding to the
Tyrosine Y 1.075 0.455 propensity for each amino acid to be located inside a transmembrane region
Threonine T 0.879 0.362 (see Table I). Output of the network consists of values between 0 and 1.
Serine g 0.806 0.328 Values above 0.9 (shown in black on the figure) indicate a detection of a
Proline P 0597 0.230 potential transmembrane segment.
Histidine H 0.395 0.135
Asparagine N 0.389 0.132 r“nnrﬁnﬂ ANTHANG o ERTLRE hey “P:m ;:-;n "':"' a7 =
4 - l-"-l .I"l i | Hl-nu DR A DO T O = D Thit: T @ B a-
Glutamine Q 0.273 0.078 . g -
Aspartic acid D 0.153 0021 PREL PRED-TMR2: Prediction of Transmembrane regions in proteins
Glutamie acid E 0.131 0.011 g E Sequen Sequence:
Arginine R 0.124 0.007 , .
[dysin': K D_IGE ﬂmm ;I:IiH.?I!-I:- JIARETHRD] .J:Iﬂl1l.l ;I:H.'II.TII- LIRETERE LI DARETENE
Bt 232: ¥ ok Tﬁﬁﬁ'&mﬁnﬂ:ﬁm%%ﬂfﬂw

A propensity for each residue to be in a transmembrane region was | anwof| Hemaofl 9120 8 430 LEFIRVTIVCIGRON
Calculated us'ng the fOfmU|a Tk Tyoe il :‘:::t fpradiciad tfanssasbrase replces are Isdicdted l& Blue)

F-m I plain & n plain g S

P = ! [” ] m. i::: L h Batail of predicied irspssssbrans ssgmants
. | . F‘ . ! I E}:ﬁj iy Basibir T pradibbel Lt id sopmstar 0

where P; is the propensity value (transmembrane potential) of . v
residue type i and F™ and F; are the frequencies of the ith type of Wasber |
residue in transmembrane segments and in the entire SWISS- ' -
PROT database respectively. Values above 1 indicate a preference e e
for a residue to be in the lipid-associated structure of a Altard Altery }

transmembrane protein, whereas propensities below 1 characterize
unfavorable transmembrane residues.
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PRED-CLASS (Pasquier et al, 2001)

Sliding window

INPUT SEQUENCE A A. . TA.
{Length = N residues) = 172

Create Input Vector for NN1
(30 transmembrane propensities)

| wiboen
| LAYER

3 | outpuT
NN1l LAYER

FALSE

5 _J
N INPUT
LAYER
ImDDEN
LAYER
|

| OUTRUT
NN2 LAYER

e ey —_—_ "

LAYER

| HIDDEN

I LAYER
QUTPUT
LAYER

r \ i L |

EMIXED GLOBULAR FIBROUS ME.\'lBRANEj

Fig. 1. PRED-CLASS architeciure: individual component NNs and
their layered structure. The input type for each subsystem, network
connectivities, information flow, and decision scheme for the output layer

of each NN are indicated.

TABLE II. System Performance on a Test Set of 387 Protein Sequences
Predicted
™ FIBR GLOB MIX  Total observed SEL (%)

Observed
T™ 139 0 8 0 147 94.5
FIBR 1 72 0 0 73 98.6
GLOB 0 1 54 0 55 98.2
MIX 3 3 0 106 112 94.6
Total predicted 143 76 62 106 387
SENS (%) 97.2 94.7 871 100.0
(2 ERial PRED-CLASS: Clennihistion ol protnm inhs oo of four pouilile daeassi
[ = =1 &} & emp o7 neal uod griPRED-CLASS vt T S 0
Ann PRED-CLASS: Clikuiliation of protiin gl R
FHE' . & || ¥ mrmp / J0d Deelwnd g opeDen FPRED-CLASS /PRED "'.:A-:i
i o P“E [},.. H'rt.u = p:fi?.ffi_:.l:.l:ll..::::ﬁ::l..:: D:Tﬂ:r':r1l intes oo ol Tour Stk :f..m.n

Name of g SEQUENCE

. i lals PRED-CLASS Claaatcaress aof piotein segeentei
Type ile, o FHE' - - % g AT Do e G D -e U RUED- CEATS S PRED (L AR
yee

n plain fexd - s "
| v Cleniiiod PArmes PRED-CLASS: Classification of protein sequences

gtk Seame of i Sequence: C17_HUMAN_secretory

Type (Le, of

in plain et

| ey Classified in the GLOBULAR protein class.

Cllstaslic Fian —_—r:

il Fia
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Method TP FP FN
TMHMM2.0 812 65 38
TMHMM1.0 818 63 45

TMHMM-Retain 811 70 38
MEMSATL1.5 772 110 78
Eisenberg 809 72 163
KKD 719 164 72
KD5 773 139 125
TMAP 675 191 82
DAS 829 38 243
HMMTOP 639 243 65
SOSUI 686 192 137
KD9 494 391 25
TMpred 525 357 80
ALOM 2 429 545 17
PHD 564 319 207
Toppred 2 468 417 123

Total
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, 1)

Prediction method (reference)

Feature (urL)

KKD (Kiein et al., 1985)
ALOM 2 (Nakai and Kanehisa, 1992)

TMpred (Hofmann and Stoffel, 1993)

Kyte and Doolittle hydropathy scale; discriminant function

filtering hydrophobic scale; discriminant function
(http://psort.nibb.ac.jp/form.html)

statistical preferences of transmembrane segment
(http://www.ch.embnet.org/software/ TMPRED_form.html)

TopPred Il (ciaros and von Heiine, 19945ES hydropathy scale; positive-inside rule

HTP (Fariselii et al., 1996)
PHDhtm (Rost et al., 1996)

DAS (Cserzo et al., 1997)
TMAP (Persson and Argos, 1997)
SOSUI (Hirokawa et al., 1998)

TSEG (Kihara et al., 1998)

(http://bioweb.pasteur.fr/seqanal/interfaces/toppred.html)

artificial NN

artificial NN; homology search
(http://maple.bioc.columbia.edu/predictprotein/submit_def.html#top)

dense alignment surface; RReM scoring matrix
(http://Iwww.sbc.su.se/~miklos/DAS/)

multiple alignment-based
(http://mwww.mbb.ki.se/tmap/index.html)

Kyte and Doolittle hydropathy- and amphiphilicity-based
(http://sosui.proteome.bio.tuat.ac.jp/sosui_submit.html)

Mahalanobis distance with the average hydrophobicity
and the periodicity of hydrophobicity

(http://www.genome.ad.jp/SIT/tsegdir/tseg_exe.html)
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, (2)

Prediction method (reference)

Feature

MEMSAT 2 (Jones, 1998)
PRED-TMR (pasquier et al., 1999)
TMHMM 2.0 (Krogh et al., 2001)

TM Finder (Deber et al., 2001)

MPEX (3ayasinghe et al., 2001)
HMMTOP 2.0 (Tusnady and Simon, 2001)

DAS-TMfilter (cserzs et al., 2002; 2004)

THUMBUP (Zhou and Zhou, 2003)

ENSEMBLE (Mmartelii et al., 2003)

dynamic-programming-based
(http://bioinf.cs.ucl.ac.uk/psiform.html)

propensity of optimized hydropathy
(http://02.db.uoa.gr/PRED-TMR/input.html)

HMM

(http://www.cbs.dtu.dk/services/TMHMM-2.0/)

combination of hydrophobicity and
nonpolar phase helical propensity scales
(http://www.bioinformatics-canada.org/TM/login.html)

Wimley-White hydropathy scale

(http://blanco.biomol.uci.edu/mpex)

HMM

(http://mww.enzim.hu/hmmtop/html/submit.html)

comparison between transmembrane segments

in a library of documented proteins
(http:/Mmww.enzim.hu/DAS/DAS.html)

mean burial propensity and HMM
(http://Iwww.smbs.buffalo.edu/phys_bio/service.htm)

combination of cascading artificial NN and HMM
(http://wvww.biocomp.unibo.it)
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(Ikeda et al., 2002; 2003)

C 1,074 articles ) Prediction accuracy (%)
experimentally-determined #TMS #TMS&position N-tail location TM topology
v data only Prokaryote

TMPDB (302 entries) KKD 60.1 55.1 - -
TMpred 56.5 50.7 61.6 36.2
o-helical TM proteins TopPred Il 56.5 47.1 73.9 38.4

v < 30% sequence similarities DAS 41.3 34.8 - -
TMAP 52.9 457 57.2 29.0
TMPDB_alpha_ MEMSAT 1.8 69.6 65.2 84.1 56.5

non-redundant (231 entries) SOSsuUI 65.2 59.4 - -
PRED-TMR2 52.9 50.0 76.8 44.2
TMHMM 2.0 65.2 60.9 73.9 53.6
HMMTOP 2.0 69.6 63.8 79.7 56.5

" B Prokaryote (H N-in; CJN-out) Eukaryote
B Eukaryote (H N-in; [JN-out)

KKD 54.8 49.5 - -
" “?E‘;IL:?E TMpred 59.1 53.8 64.5 35.5
£ ' - TopPred Il 51.6 48.4 65.6 36.6

- DAS 31.2 29.0 - -
i TMAP 59.1 52.7 47.3 26.9
MEMSAT 1.8 57.0 54.8 63.4 39.8

l.? 345678 910112131415 1617 1819 2021 22 23 24 SOSUI 57.0 53.8 R R
Number of TMSs PRED-TMR2 55.9 50.5 58.1 33.3
TMHMM 2.0 59.1 58.1 75.3 46.2
HMMTOP 2.0 68.8 64.5 72.0 51.6

. Ikeda, M., Arai, M., Lao, D. M. and Shimizu, T. (2002) Transmembrane topology prediction methods:
a re-assessment and improvement by a consensus method using a dataset of experimentally-
characterized transmembrane topologies. In Silico Biol., 2 (1), 19-33.
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— ConPred Il (nttp://bioinfo.si.hirosaki-u.ac.jp/~ConPred2/) —
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DAS KKD TopPred Il TopPred II
MEMSAT 2 DAS MEMSAT 2 MEMSAT 2
SOSuUI SOSUI OrienTM HMMTOP 2.0
TMHMM 2.0 TMHMM 2.0 TMHMM 2.0

HMMTOP 2.0 HMMTOP 2.0 HMMTOP 2.0

Prediction of N-tail location
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¥

Prokaryote
or
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Consensus Consensus
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¥ L

#TMS&position

N-tail location

v

TM topology

aenp ConPred Il

N« » | & ][ + ] @np://bioinfo.sihirosaki-u.ac.jp/~ConPred2

Con®Pred I1

A Consensus Prediction Methoed for Obtaining Transmembrane Topology Models with
High-Reliability

Menu Submission

Your e-mail address:

Submission

YOTE: Availahle only ic uses
Abbut ConPred 11 (NOTE: Available only for academic uses.)

. Select a super-kingdom of your sequence(s):
Sample sequences

3 Prokaryote &) Eukaryote

Acknowledgements . o .
Paste your sequence(s) in Raw (only for the case of one sequence) or FASTA format

Rificives (30-1999 residues and less than 100 sequences):

Contact us

OR upload a local file:

Last modified: e :
| Choose File | no file selected

February 2, 2004

Option:
"1 Use DetecSig for signal peptide prediction
[Signal peptide regions should be removed in advance before submitting
the sequences to the TM topology prediction, since the hydrophobic core
of signal peptides is predicted as the first TMS in most cases.)

" Submit \ -)_-Clear_\

The prediction methods used in ConPred I1 are KK, Thipred, TopPred [ DAS,
IMAP, MEMSAT 1.8, SOSUL TMHMM 2.0 and HMMTOP 2.0,

. Ikeda et al. (2002) In Silico Biol., 2 (1), 19-33; lkeda et al. (2003) Nucleic Acids Res., 31 (1), 406-4009.
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(Maoller et al., 2001)

TMHMM-Retrain 69% 54%
TMHMM 2.0 (Krogh et al., 2001) 68% A47%
TMHMM 1.0 (Sonnhammer et al., 1998) 67% 48%
HMMTOP (Tusnady and Simon, 1998) 55% 45%
MEMSAT 1.5 (Jones et al., 1994) 53% 41%
KKD (Klein et al., 1995) 45% n/a
TMAP (Persson and Argos, 1997) 43% 11%
Eisenberg (Eisenberg et al., 1982) 38% n/a
DAS (Cserzo et al., 1997) 37% n/a
TMpred (Hofmann and Stoffel, 1993) 37% 6%
SOSUI (Hirokawa et al., 1998) 36% n/a
KD5 (Kyte and Doolittle, 1982) 32% n/a
KD9 26% n/a
PHDhtm (Rost et al., 1996) 26% 18%
TopPred Il (Claros and von Heijne, 1994) 26% 12%
ALOM 2 (Nakai and Kanehisa, 1992) 7% n/a

: Mdller, S., Croning, M. D. and Apweiler, R. (2001) Evaluation of methods for the prediction of
membrane spanning regions. Bioinformatics, 17 (7), 646-653.
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(Jayasinghe et al., 2001)

Table 1. General characteristics of the MPtopo database Table 2. Prediction accuracy of various algorithms
using MPtopo

MPtopo subset

No. of transmembrane helices®
3D helix 1D _helix 3D other

No. of proteins® 41 33 1 MPtopo subset Algorithm Niredicted N correct Q (%)°
No. of total residues 8960 15018 4171 3D_helix (Ny,oun = 150)
Average sequence length® 218 395 379 PHDhtm 152 146 97
No. of residues in TM segments 4186 5426 1671 HMM 154 145 95
No. of total TM segments 150 242 142 TopPred Il 162 148 95
Average TM segment length” 285 22+4 12+3 TMAP* 139 136 96
TM segment length range® 17-43 9—-46 4-20 1D_helix (N, ., = 242)
PHDhtm 250 228 93
* Includes protein subunits. HMM 264 240 95
P Given as the number of residues. TopPred 11 259 224 89
TMAP 241 221 92

* Nicnown Npredicteds Neomect ar€, respectively, number of experimentally
known helices, total number of predicted, and number predicted correctly.
N_orrect 18 defined as predicted helices that exhibited at least a 50% overlap
with known transmembrane helices.

® Prediction accuracy Q was determined as described in Tusnddy and Si-

mon (1998).

N,

caorrect NCDFFECI

N N,

known pred

Q=100

: Jayasinghe, S., Hristova, K. and White, S. (2001)
MPtopo: A database of membrane protein topology. Protein Sci., 10 (2), 455-458.
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Prediction method (reference)

Feature (urL)

KKD (lein et al., 1985)
SOSUI (Hirokawa et al., 1998)

TSEG (Kihara et al., 1998)

hydrophobicity-based; discriminant function

hydrophobicity- and amphiphilicity-based,
length of sequence
(http://sosui.proteome.bio.tuat.ac.jp/cgi-bin/sosui.cgi?/sosui_submit.html)
Mahalanobis distance with the average
hydrophobicity and periodicity of hydrophobicity

(http://mvww.genome.ad.jp/SIT/tsegdir/tseg_exe.html)

PRED-TMR2 (pPasquier and Hamodrakas, 199@rtificial NN

TMHMM 2.0 (Krogh et al., 2001)
PRED-CLASS (Pasquier et al., 2001)

DAS-TMfilter (cserzs et al., 2002; 2004)

(http://biophysics.biol.uoa.gr/PRED-TMR2/input.html)

HMM

(http://www.cbs.dtu.dk/services/ TMHMM-2.0/)

cascading artificial NN
(http://02.biol.uoa.gr/PRED-CLASS/input.html)

comparison between transmembrane segments

in a library of documented proteins
(http:/mww.enzim.hu/DAS/DAS.html)
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TMHMM

http://www.cbs.dtu.dk/services/ TMHMM-2.0/
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PRED-TMR2 (Pasquier and Hamodrakas, 1999)

Table I. Propensity values and corresponding input used in the neural IYTRIWAA I KMTS Analyzed sequence
network for the 20 amino acid residue types that belong o tmansmembrane
segments, calculated from the entire SWISS-PROT database 0401 03 03 03 - -~ - 03 04 00 L4 05  Comresponding input values
Residue P, NN input Input Layer
Phenylalanine F 2,235 1.000
Isoleucine 1 2.083 0.929
Leucine L 1.845 0.817 Hidden Layer
Tryptophan W 1.790 0.791
Valine v 1.756 0.775
Methionine M 1.502 0.655 J000Ceceeee Ouutput Layer
Alanine A 1.383 0.599 ) , o
Cysteine C 1.202 0514 Fig. 1. Schematic architecture of the neural network. Amino acids of the
Glycine G 1.158 0,404 input sequence are converied to unique input values corresponding to the
Tyrosine Y 1.075 0.455 propensity for each amino acid to be located inside a transmembrane region
Threonine T 0.879 0.362 (see Table I). Output of the network consists of values between 0 and 1.
Serine g 0.806 0.328 Values above 0.9 (shown in black on the figure) indicate a detection of a
Proline P 0597 0.230 potential transmembrane segment.
Histidine H 0.395 0.135
Asparagine N 0.389 0.132 r“nnrﬁnﬂ ANTHANG o ERTLRE hey “P:m ;:-;n "':"' a7 =
4 - l-"-l .I"l i | Hl-nu DR A DO T O = D Thit: T @ B a-
Glutamine Q 0.273 0.078 . g -
Aspartic acid D 0.153 0021 PREL PRED-TMR2: Prediction of Transmembrane regions in proteins
Glutamie acid E 0.131 0.011 g E Sequen Sequence:
Arginine R 0.124 0.007 , .
[dysin': K D_IGE ﬂmm ;I:IiH.?I!-I:- JIARETHRD] .J:Iﬂl1l.l ;I:H.'II.TII- LIRETERE LI DARETENE
Bt 232: ¥ ok Tﬁﬁﬁ'&mﬁnﬂ:ﬁm%%ﬂfﬂw

A propensity for each residue to be in a transmembrane region was | anwof| Hemaofl 9120 8 430 LEFIRVTIVCIGRON
Calculated us'ng the fOfmU|a Tk Tyoe il :‘:::t fpradiciad tfanssasbrase replces are Isdicdted l& Blue)

F-m I plain & n plain g S

P = ! [” ] m. i::: L h Batail of predicied irspssssbrans ssgmants
. | . F‘ . ! I E}:ﬁj iy Basibir T pradibbel Lt id sopmstar 0

where P; is the propensity value (transmembrane potential) of . v
residue type i and F™ and F; are the frequencies of the ith type of Wasber |
residue in transmembrane segments and in the entire SWISS- ' -
PROT database respectively. Values above 1 indicate a preference e e
for a residue to be in the lipid-associated structure of a Altard Altery }

transmembrane protein, whereas propensities below 1 characterize
unfavorable transmembrane residues.
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PRED-CLASS (Pasquier et al, 2001)

Sliding window

INPUT SEQUENCE A A. . TA.
{Length = N residues) = 172

Create Input Vector for NN1
(30 transmembrane propensities)

| wiboen
| LAYER

3 | outpuT
NN1l LAYER

FALSE

5 _J
N INPUT
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ImDDEN
LAYER
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e ey —_—_ "
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I LAYER
QUTPUT
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r \ i L |

EMIXED GLOBULAR FIBROUS ME.\'lBRANEj

Fig. 1. PRED-CLASS architeciure: individual component NNs and
their layered structure. The input type for each subsystem, network
connectivities, information flow, and decision scheme for the output layer

of each NN are indicated.

TABLE II. System Performance on a Test Set of 387 Protein Sequences
Predicted
™ FIBR GLOB MIX  Total observed SEL (%)

Observed
T™ 139 0 8 0 147 94.5
FIBR 1 72 0 0 73 98.6
GLOB 0 1 54 0 55 98.2
MIX 3 3 0 106 112 94.6
Total predicted 143 76 62 106 387
SENS (%) 97.2 94.7 871 100.0
(2 ERial PRED-CLASS: Clennihistion ol protnm inhs oo of four pouilile daeassi
[ = =1 &} & emp o7 neal uod griPRED-CLASS vt T S 0
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Method TP FP FN
TMHMM2.0 812 65 38
TMHMM1.0 818 63 45

TMHMM-Retain 811 70 38
MEMSATL1.5 772 110 78
Eisenberg 809 72 163
KKD 719 164 72
KD5 773 139 125
TMAP 675 191 82
DAS 829 38 243
HMMTOP 639 243 65
SOSUI 686 192 137
KD9 494 391 25
TMpred 525 357 80
ALOM 2 429 545 17
PHD 564 319 207
Toppred 2 468 417 123

Total
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, 1)

Prediction method (reference)

Feature (urL)

KKD (Kiein et al., 1985)
ALOM 2 (Nakai and Kanehisa, 1992)

TMpred (Hofmann and Stoffel, 1993)

Kyte and Doolittle hydropathy scale; discriminant function

filtering hydrophobic scale; discriminant function
(http://psort.nibb.ac.jp/form.html)

statistical preferences of transmembrane segment
(http://www.ch.embnet.org/software/ TMPRED_form.html)

TopPred Il (ciaros and von Heiine, 19945ES hydropathy scale; positive-inside rule

HTP (Fariselii et al., 1996)
PHDhtm (Rost et al., 1996)

DAS (Cserzo et al., 1997)
TMAP (Persson and Argos, 1997)
SOSUI (Hirokawa et al., 1998)

TSEG (Kihara et al., 1998)

(http://bioweb.pasteur.fr/seqanal/interfaces/toppred.html)

artificial NN

artificial NN; homology search
(http://maple.bioc.columbia.edu/predictprotein/submit_def.html#top)

dense alignment surface; RReM scoring matrix
(http://Iwww.sbc.su.se/~miklos/DAS/)

multiple alignment-based
(http://mwww.mbb.ki.se/tmap/index.html)

Kyte and Doolittle hydropathy- and amphiphilicity-based
(http://sosui.proteome.bio.tuat.ac.jp/sosui_submit.html)

Mahalanobis distance with the average hydrophobicity
and the periodicity of hydrophobicity

(http://www.genome.ad.jp/SIT/tsegdir/tseg_exe.html)
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, (2)

Prediction method (reference)

Feature

MEMSAT 2 (Jones, 1998)
PRED-TMR (pasquier et al., 1999)
TMHMM 2.0 (Krogh et al., 2001)

TM Finder (Deber et al., 2001)

MPEX (3ayasinghe et al., 2001)
HMMTOP 2.0 (Tusnady and Simon, 2001)

DAS-TMfilter (cserzs et al., 2002; 2004)

THUMBUP (Zhou and Zhou, 2003)

ENSEMBLE (Mmartelii et al., 2003)

dynamic-programming-based
(http://bioinf.cs.ucl.ac.uk/psiform.html)

propensity of optimized hydropathy
(http://02.db.uoa.gr/PRED-TMR/input.html)

HMM

(http://www.cbs.dtu.dk/services/TMHMM-2.0/)

combination of hydrophobicity and
nonpolar phase helical propensity scales
(http://www.bioinformatics-canada.org/TM/login.html)

Wimley-White hydropathy scale

(http://blanco.biomol.uci.edu/mpex)

HMM

(http://mww.enzim.hu/hmmtop/html/submit.html)

comparison between transmembrane segments

in a library of documented proteins
(http:/Mmww.enzim.hu/DAS/DAS.html)

mean burial propensity and HMM
(http://Iwww.smbs.buffalo.edu/phys_bio/service.htm)

combination of cascading artificial NN and HMM
(http://wvww.biocomp.unibo.it)
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(Ikeda et al., 2002; 2003)

C 1,074 articles ) Prediction accuracy (%)
experimentally-determined #TMS #TMS&position N-tail location TM topology
v data only Prokaryote

TMPDB (302 entries) KKD 60.1 55.1 - -
TMpred 56.5 50.7 61.6 36.2
o-helical TM proteins TopPred Il 56.5 47.1 73.9 38.4

v < 30% sequence similarities DAS 41.3 34.8 - -
TMAP 52.9 457 57.2 29.0
TMPDB_alpha_ MEMSAT 1.8 69.6 65.2 84.1 56.5

non-redundant (231 entries) SOSsuUI 65.2 59.4 - -
PRED-TMR2 52.9 50.0 76.8 44.2
TMHMM 2.0 65.2 60.9 73.9 53.6
HMMTOP 2.0 69.6 63.8 79.7 56.5

" B Prokaryote (H N-in; CJN-out) Eukaryote
B Eukaryote (H N-in; [JN-out)

KKD 54.8 49.5 - -
" “?E‘;IL:?E TMpred 59.1 53.8 64.5 35.5
£ ' - TopPred Il 51.6 48.4 65.6 36.6

- DAS 31.2 29.0 - -
i TMAP 59.1 52.7 47.3 26.9
MEMSAT 1.8 57.0 54.8 63.4 39.8

l.? 345678 910112131415 1617 1819 2021 22 23 24 SOSUI 57.0 53.8 R R
Number of TMSs PRED-TMR2 55.9 50.5 58.1 33.3
TMHMM 2.0 59.1 58.1 75.3 46.2
HMMTOP 2.0 68.8 64.5 72.0 51.6

. Ikeda, M., Arai, M., Lao, D. M. and Shimizu, T. (2002) Transmembrane topology prediction methods:
a re-assessment and improvement by a consensus method using a dataset of experimentally-
characterized transmembrane topologies. In Silico Biol., 2 (1), 19-33.



(§BR§ GBS o Acnst s Sciencs cnc achnology

Computational Biclogy Research Center

— ConPred Il (nttp://bioinfo.si.hirosaki-u.ac.jp/~ConPred2/) —

(a}) Scanning

BEANTIG SHlurTe oW

(B} Magority voting

wndcw bor wolmg
e

] > .
mathod A | L] method A
# ] L B n
B — . c | ]
| d
et g
CONSANEs — OB IES
(e} Pradiction (d) Scanning
masked segrments |"i o
method & method A . |
B | | B 1
i |
r————— - C o |
A ¥ e svpasding -
CONSENEUS — | | COMSE5LUS | | -

prechoied segrent

Prediction of #TMS&position

«<p
v

Prokaryote
or
Eukaryote

Consensus criterion :  11aa Consensus criterion :

DAS KKD TopPred Il TopPred II
MEMSAT 2 DAS MEMSAT 2 MEMSAT 2
SOSuUI SOSUI OrienTM HMMTOP 2.0
TMHMM 2.0 TMHMM 2.0 TMHMM 2.0

HMMTOP 2.0 HMMTOP 2.0 HMMTOP 2.0

Prediction of N-tail location

=
¥

Prokaryote
or
Eukaryote

Consensus Consensus

1laa

¥ L

#TMS&position

N-tail location

v

TM topology

aenp ConPred Il

N« » | & ][ + ] @np://bioinfo.sihirosaki-u.ac.jp/~ConPred2

Con®Pred I1

A Consensus Prediction Methoed for Obtaining Transmembrane Topology Models with
High-Reliability

Menu Submission

Your e-mail address:

Submission

YOTE: Availahle only ic uses
Abbut ConPred 11 (NOTE: Available only for academic uses.)

. Select a super-kingdom of your sequence(s):
Sample sequences

3 Prokaryote &) Eukaryote

Acknowledgements . o .
Paste your sequence(s) in Raw (only for the case of one sequence) or FASTA format

Rificives (30-1999 residues and less than 100 sequences):

Contact us

OR upload a local file:

Last modified: e :
| Choose File | no file selected

February 2, 2004

Option:
"1 Use DetecSig for signal peptide prediction
[Signal peptide regions should be removed in advance before submitting
the sequences to the TM topology prediction, since the hydrophobic core
of signal peptides is predicted as the first TMS in most cases.)

" Submit \ -)_-Clear_\

The prediction methods used in ConPred I1 are KK, Thipred, TopPred [ DAS,
IMAP, MEMSAT 1.8, SOSUL TMHMM 2.0 and HMMTOP 2.0,

. Ikeda et al. (2002) In Silico Biol., 2 (1), 19-33; lkeda et al. (2003) Nucleic Acids Res., 31 (1), 406-4009.
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(Maoller et al., 2001)

TMHMM-Retrain 69% 54%
TMHMM 2.0 (Krogh et al., 2001) 68% A47%
TMHMM 1.0 (Sonnhammer et al., 1998) 67% 48%
HMMTOP (Tusnady and Simon, 1998) 55% 45%
MEMSAT 1.5 (Jones et al., 1994) 53% 41%
KKD (Klein et al., 1995) 45% n/a
TMAP (Persson and Argos, 1997) 43% 11%
Eisenberg (Eisenberg et al., 1982) 38% n/a
DAS (Cserzo et al., 1997) 37% n/a
TMpred (Hofmann and Stoffel, 1993) 37% 6%
SOSUI (Hirokawa et al., 1998) 36% n/a
KD5 (Kyte and Doolittle, 1982) 32% n/a
KD9 26% n/a
PHDhtm (Rost et al., 1996) 26% 18%
TopPred Il (Claros and von Heijne, 1994) 26% 12%
ALOM 2 (Nakai and Kanehisa, 1992) 7% n/a

: Mdller, S., Croning, M. D. and Apweiler, R. (2001) Evaluation of methods for the prediction of
membrane spanning regions. Bioinformatics, 17 (7), 646-653.
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(Jayasinghe et al., 2001)

Table 1. General characteristics of the MPtopo database Table 2. Prediction accuracy of various algorithms
using MPtopo

MPtopo subset

No. of transmembrane helices®
3D helix 1D _helix 3D other

No. of proteins® 41 33 1 MPtopo subset Algorithm Niredicted N correct Q (%)°
No. of total residues 8960 15018 4171 3D_helix (Ny,oun = 150)
Average sequence length® 218 395 379 PHDhtm 152 146 97
No. of residues in TM segments 4186 5426 1671 HMM 154 145 95
No. of total TM segments 150 242 142 TopPred Il 162 148 95
Average TM segment length” 285 22+4 12+3 TMAP* 139 136 96
TM segment length range® 17-43 9—-46 4-20 1D_helix (N, ., = 242)
PHDhtm 250 228 93
* Includes protein subunits. HMM 264 240 95
P Given as the number of residues. TopPred 11 259 224 89
TMAP 241 221 92

* Nicnown Npredicteds Neomect ar€, respectively, number of experimentally
known helices, total number of predicted, and number predicted correctly.
N_orrect 18 defined as predicted helices that exhibited at least a 50% overlap
with known transmembrane helices.

® Prediction accuracy Q was determined as described in Tusnddy and Si-

mon (1998).

N,

caorrect NCDFFECI

N N,

known pred

Q=100

: Jayasinghe, S., Hristova, K. and White, S. (2001)
MPtopo: A database of membrane protein topology. Protein Sci., 10 (2), 455-458.
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