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Prediction of TM helices

Prediction: Total number of TM helices & their in/out orientation relative to the 
membrane

Early methods for prediction of TM helices used hydrophobicity analysis alone. 
Indeed some helices can be located from a hydrophobicity plot but others cannot

Another signal associated with TM helices is the abundance of positively 
charged residues in the cytoplasmic side of the membrane "the positive inside 
rule"

Most methods for predicting TM segments rely on those two signals

Several methods use a sliding window which is predicted as being part of a TM 
helix or not, either by a weight matrix or by a Neural Network



Helical membrane proteins follow a "grammar" in which cytoplasmic and non-
cytoplasmic loops have to alternate. The grammar constrains the possible 
topologies and thereby the possible TM helices. Therefore an integrated 
methodology taking into account the grammar is more promising.

TMHMM is an HMM-based methodology. One of the main advantages of an 
HMM is that is possible to model helix length. Furthermore it can capture 
hydrophobicity, charge bias and grammatical constraints into a single model.

Prediction of TM helices: an integrative 
approach



A. Each box corresponds to a submodel designed 
to model specific region of a membrane protein. 
There submodels contain several HMM states in 
order to model the length of the various regions.

B. The "globular" submodel, models the globular 
domains of the TM proteins and consist of one 
state and a transition to itself and to a loop state. 
To model the residues close to the membrane two 
submodels "cap" and "loop" are used. Loops of 
lengths up to 20 residues are modeled by the loop 
model whereas longer loops use the globular 
state. The 3 loop submodels are different; the cap 
submodel models the 5 first or last residues of the 
TM region.

C. The model for the core of the TM helices. 
It is an array of 25 identical states with the 
possibility of jumping from one of the states to 
many of the states downstream.

TMHMM: HMM architecture



The HMM parameters ('as', 'es') were estimated from a set of 160 proteins 
with known TM topology.

Prediction of TM helices is done by finding the most probable topology given 
the HMM. 

However there are many almost equally probable ways to place the their 
boundaries and there are regions in the sequence that show weak signs of 
being TM helices. 

Therefore the 3 probabilities that a given residue is a TM helix, is on the 
cytoplasmic side or on the periplasmic side, are also provided. This additional 
information can show where the prediction is certain.

There are several types of mis-prediction:
A. "false merge“
B. "false split“
C. "inverted topology"

Although the model is optimized for predicting the correct TM topology, it can 
also be used for discrimination of helical membrane proteins and other 
proteins:
1. The number of predicted TM helices
2. The expected number of residues in the TM helices
3. The expected number of TM helices

All 3 measures correlate
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TMHMM: Posterior Probabilities



The signal peptides that target a protein for export contain a hydrophobic region that 
can easily be mistaken for a TM region. 

TMHMM was tested on a set of signal peptides:

TMHMM: TM helix or Signal Peptide?



Porins are membrane spanning proteins in which membrane regions form a b-barrel. 

There is no prediction overlap with TM-helix proteins.

TMHMM: α-helix or β-barrel?



There is high incidence of 12TM proteins in bacteria and of 7TM is multi-cellular 
organisms. Furthermore multi-spanning proteins with intracellular N and C termini 
are strongly preferred. The only exception is C. elegans with 7TM proteins making 
Nout-Cin topology as common as Nin-Cin.

All Nin-Cin proteins have an even number of TM helices and can be thought of 
"helical hairpins" i.e. two TM helices connected by an external cytoplasmic loop.

Experimental studies have suggested that the helical hairpin may act as an 
independent "insertion unit" during membrane protein assembly and hence that 
topologies constructed from helical hairpin units may evolve more easily than other 
topologies.

From experimental studies the translocation of N-terminal tails across both the 
bacterial inner membrane and the ER membrane or eukaryotic cells places strong 
restrictions on the amino acid sequence of the tail, thus acting against the appearance 
of Nout topologies during evolution.

The Nin-Cin “rule”
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TMHMM



Exp number of AAs in TMHs: The expected 
number of amino acids intransmembrane helices. If 
this number is larger than 18 it is very likely to be a 
transmembrane protein (OR have a signal peptide).

Exp number, first 60 AAs: The expected number of 
amino acids in transmembrane helices in the first 
60 amino acids of the protein. If this number more 
than a few, you should be warned that a predicted 
transmembrane helix in the N-term could be a 
signal peptide.

Total prob of N-in: The total probability that the N-
term is on the cytoplasmic side of the membrane.



TM helices prediction errors



TMHMM: Species statistics of TMs
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TMHMM: Conclusions

20-30% of all genes in most genomes encode membrane proteins

Proteins with Nin-Cin topologies are strongly preferred in all examined organisms 
except C. elegans where the large number of 7 TM receptors increases the counts 
for Nout-Cin topologies.

TMHMM -> SP & SN >=99%


