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Sorting signals



Protein sorting in a eukaryotic cell
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The signal peptide

n-region: positively charged
h-region: hydrophobic

c-region: more polar, small residues in -1, -3
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ABSTRACT

A new method for identifying secretory signal sequences and for predicting
the site of cleavage between a signal sequence and the mature exported
protein 1is described. The predictive accuracy is estimated to be around
75-80% for both prokaryotic and eukaryotic proteins.
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Table 1 Amino acid counts for eukaryotic signal sequences

A new method for predicting signal sequence ¢ The average composition (last column) is from Ref.(10)
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Table 1 Amino acid counts for eukaryotic signal sequences
The average composition (last column) is from Ref.(10)
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A modern predictor: SignalP

I DTU Bioinformatics
Depar ent of Bio and Health Informat

Home
SignalP 4.1 Server

SignalP 4.1 server predicts the presence and location of signal peptide cleavage sites in amino acid sequences from different organisms: Gram-positive prokaryotes, Gram-negative prokaryotes, and eukaryotes. The method incorporates a
prediction of cleavage sites and a signal peptide/non-signal peptide prediction based on a combination of several artificial neural networks.

View the version history of this server. All the previous versions are available on line, for comparison and reference.

NEW (August 2017): A book chapter on SignalP 4.1 has been published:

Pri S y F with SignalP

Henrik Nielsen
In Kihara, D (ed): Protein Function Prediction (Methods in Molecular Biology vol. 1611) pp. 59-73, Springer 2017.
dol: 10.1007/978-1-4939-7015-5 6

SUBMISSION

Paste a single amino acid seq or I seq in FASTA format into the field below:

N

Submit a file in FASTA format directly from your local disk:
Choose File no file selected

Organism group (oxplain) D-cutoff values (cxplain) Graphics output (explain)
o) Eukatyolés ‘ * Default (optimized for correlation) No graphics
Gram-negative bacteria . : — « PNG (inline)
Gram-positive bacteria Sensitive (reproduce SignalP> 3.0's sensitivity) PNG (inline) and gps (as links)

User defined:
0.45  D-cutoff for SignalP-noTM networks

0.50  D-cutoff for SignalP-TM networks

Output format (cxplain) Method (explain) Positional limits (axplain)
@)Smndard »)lnpat sequences may include TM mgions Minimal predicted signal peptide length. Default: 10
Short (no graphics) Input sequences do not include TM regions
Long N-terminal truncation of input sequence (0 means no truncation).

Default: Truncat 10 & length of
All - SignalP-noTM and SignalP-TM output (no graphics) Uit Tinaste sequanca Jo & lenalh o 70

Submit Clear fields



A simple artificial neural network
(ANN)
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Artificial neural networks:
a summary

- a high-quality dataset (positive and negative examples)
- an ANN architecture (can be optimized)

- all internal parameters in the ANN are systematically
optimized during a training session

- evaluate the predictive performance using cross-validation



SignalP

SignalP-4.0 prediction (euk networks): ERP4d_HUMAN
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0 10 20 30 40 50 60 70
Position
# Measure Position Value Cutoff signal peptide?
max. C 30 0.427
max. Y 30 0.586
max. S 9 0.950
mean S 1-29 0.821
D 1-29

0.713 0.450 YES
Name=sp_Q9BS26_ERP44 HUMAN

SP='YES' Cleavage site between pos. 29 and 30: VTT-EI



The NnnP family of localization
predictors
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Membrane proteins



A simulated membrane




Only two basic architectures

helix bundle




A helix-bundle membrane protein

(A)

3D structure
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1M helices are typically 20-30
residues long

20

Number of Helices

10-15 15-20 20-25 25-30 30-35 35-40

Helix Length (Number of Residues)



Irp and lyr are enriched In the
ipId headgroup region




Loops connecting the T™M helices
tend to be short
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I he positive-inside rule

Bacterial inner membrane
in: 169% K+R out: 4% K+R

Fukaryotic plasma membrane
in: 1 /% K+R out: 796 K+R

Thylakoid membrane
in: 1 3% K+R out: 5% K+R

Mitochondrial inner membrane
In: 10% K+R out: 3% K+R




number of genomes

[ he positive-inside rule applies to
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lopology 1s controlled by
positively charged residues
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JTopology prediction
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The three most important
characteristics

periplasm
~20
hydrophobic
residues
cytoplasm

The positive-inside rule



The three most important
characteristics

hydrophobic
residues



Popular topology predictors

’hobius (HMM)

TMHMM (HMM)
HMMTOP (HMM)
Prodiv-TMHMM (MSA, HMM)

MEMSAT (MSA, dynamic programming)

TOPCONS (consensus method)

SCAMP (h-plot,
PHD (MSA, NN,
TopPred (h-plot,

kﬁe & Doolittle (h-

SOAP (h-plot)
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TopPred

N - construct all possible
ﬂ \/\ U\ . //\ topologies
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TMHAMM

tail inside loop

PR

out outside loop

inside the cell outside the cell
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Helix and loop models In
TMHMM

iX core
1 2 3 4 5 6 7 8 22 23 24 25




TOPCONS

TOPCONS

New query Consensus prediction of membrane protein topology and
signal peptides

Batch WSDL API

Please paste your amino acid sequences in FASTA format (max 100000 chars)
Download Allowed characters: "ABCDEFGHIKLMNPQRSTUVWYZX*", of which "BUZ*" will be converted to 'X'

(Sequences should be no shorter than 10 amino acids)
References

News

Server status

Example results

Old TOPCONS

Help Z

Alternatively, upload a text file in FASTA format upto 100 MB: Choose File no file selected
Your recent jobs:

Job name (optional):

Queued O
Running 0O . o
iR Email (recommended for batch submissions):
Finished 0
Failed 0

Force run (do not use cached results):

Submit Clear Generate example input

© Arne Elofsson
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How good are topology
predictors!

Discrimination membrane/soluble: sensitivity 9/%; specificity 95%

Topology: single sequence /0-75%; multi-sequence 80-85%



Experimental constraints help
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Experimental constraints help

percent correct

100 4 92 bacterial
proteins
90_ ............................................................
80~ ------- LA ---------------- C-terminus
: ; «— known
R S N Coterminus
not known
~45% ~75%
60 | | : | : |
0 20 40 60 80 100

coverage



Experimental constraints help

is only active
In the cytoplasm

PhoA Is only active
in the periplasm




Experimental constraints help

Normalized GFP

Normalized PhoA



Experimental constraints help

Number of proteins
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Exporting’ experimental
constraints using alignments

BLAST alignment

E. coli query @

hit 1

225/38 bacterial/eukaryotic genomes
158 k/'1 39 k predicted membrane proteins
51.000/15.000 assignments




Topology prediction for B-barrel
membrane proteins




PRED-TMBB2: An HMM method
for B-barrel membrane proteins

Periplasmic loop Transmembrane B-strand Extracellular loop
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D structure prediction by
co-evolving residues

Evolutionary Couplings
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3D structure prediction by
co-evolving residues

G-3-P transporter

1)Y, Cytochrome c oxidase
GLPT out :

subunit 11

NADH-quinone
oxidoreductase ’ ~ B X
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Don't forget...

SignalP & TargetP

Two architectures: helix bundle and B-barrel
Hydrophobic transmembrane &-helices
Alternating Hyf-X B-strands

The positive-inside rule

TopPred

TMHMM

TOPCONS

PRED-TMBB2

3D structure prediction by co-evolving residues
Experimental constraints help



