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Abstract:

Conventional medicine is always incomplete without pharmaceuticals and novel biologics and the drug
design and discovery always relies on the selective binding of the drug molecule to its target. To design a
drug towards a receptor, one needs to know the structure of the receptor. Structurally proteins are very
unique in nature and exist as secretory and transmembrane type. Transmembrane proteins are those which
are embedded within the lipid bilayers and serve as best drug targets. Inorder, to design a novel drug towards
any proteins which alter the biochemical pathway, we need to identify whether it is transmembrane or
secretory and if transmembrane is it soluble or not. To identify these prerequisite parameters, we identified
some transmembrane prediction tools and evaluated taking an aminoacid sequence as example. We found

TMpred was found to be more reliable in terms of data acquisition and result output.
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Introduction: Transmembrane helices prediction among the integral membrane proteins is now considered
to be a vital component of bioinformatics. Many methods as of date are more successful in predicting the
individual transmembrane helices and also the complete topology of the desired protein (Von Heijne, 1999).
These prediction methods are more applicable in genome analysis and are used in extracting the global
strategy of protein evolution. Two decades back the prediction methods are based solely on the
hydrophobicity analysis only. But now the recent analysis methods depends on the abundance of positively
charged residues in the sequences (Almén MS, 2009). These two signals (charge and hyrophobicity)
enhances the prediction methods more effectively. Transmembrane proteins are those proteins which are
located within the lipid layers of the cells. Structurally they are made up of transmembrane spanning
regions which pass by the lipid layers(Michalik, Marcin; 2017). Each protein is assigned with a specific
function and there are multiple families of these proteins. These are classified into main forms called
channels and carriers. Channels are those which form a constant pore like stricture across the plasma
membrane and aids in diffusion of molecules at a faster pase. On the other hand carriers are those which bind
to the solutes which passes across the membrane to undergo a conformational change. They are also called
as transporters of pumps (Bracey MH, 2002). The lipid molecules which are predominant components of

bilayer are hydrophobic in nature and as such the portion of the transmembrane protein which is placed

IJRAR19H1186 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 238


http://www.ijrar.org/

© 2019 IJRAR March 2019, Volume 6, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

within the bilayer have residues which are nonpolar (Murzin AG, 1994). And these residues form a coil,

or helix, which is hydrophobic in nature and very stable.

Transmembrane proteins are made of three regions or domains namely the domain in the bilayer, the domain
outside the cell, and the domain inside the cell. Even though a cell membrane seems to be fluid like the
transmembrane proteins orientation does not change as these proteins are very large in size nullifying the
orientation rate. These transmembrane (TM) proteins play vital role in the functioning of cells. Some of the
functions are communication via signalling, controlling the exchange of materials across the membrane.
There are a second class of proteins called secretory proteins which aids in export from the cell. These are
sorted by a small peptide sequence which drives them to the correct destination (Carpenter, E. P; 2008).
These proteins are transported via vesicles or protein conducting transmembrane channels. Some of the
proteins are non secretory in nature and stay inside the cell only due to non availability of compatible
transported protein. As such they are involved in cellular metabolic activities like growth and survival of the

individual cells.

Most of the drugs which are made towards many diseases target the membrane proteins by altering the
cellular signalling (Rabiner,L. 1989). Most of the newly designed technologies in the drug therapeutics
always try to target these TM regions and often call them as druggable regions. Finding suitable drug targets
especially TM proteins is very crucial at the time, which aids in designing novel therapeutics against many
infectious and metabolic disorders. Novel approaches in biomedical research and development are usually
very slow due to the lack of knowledge on whether the protein is TM or secretory in nature. That is it is very
difficult to differentiate the druggable and undruggable targets. In the recent days defying the homology
relationships among the sequences is very much essential for research. By this the orthologs sequences can
be analysed and is very useful for computational biology and annotation of genomes. This not only identifies
the drug targets but also identifies the phylogenetic evolution of proteins within the infectious organisms
(Ka" Il,L., 2005).

In the current review, we tried to survey the different methods of TM protein prediction servers and their
evaluation in terms of biological understanding and technological capacity which will be useful for the
pharmacotherapy. Different TM prediction servers like TMHMM, SignalP, Phobius, TMpred and SOSUI are
described and evaluated basing on their output.

Methods:

Many software platforms were designed in the recent years to predict the TM protein structures. In this
review some important tools were briefly described along with their output mode of evaluation. Histidine
kinase of the competence regulon, ComD [Streptococcus mutans; NCBI Reference Sequence: NP_722221.1]

was used in the evaluation process.
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>NP_722221.1 histidine kinase of the competence regulon, ComD [Streptococcus mutans
UA159]MNEALMILSNGLLTYLTVLFLLFLFSKVSNVTLSKKELTLFSISNFLIMIAVTVNVNLFYPAEPLYFIALSIYLNRQN
SLSLNIFYGLLPVASSDLFRRAIIFFILDGTQGIVGSSIITTYMIEFAGIALSYLFLSVFNVDIGRLKDSLTKMKVKKRLIPMNI
TMLLYYLLIQVLYVIESYNVIPTLKFRKFVVIVYLILFLILISFLSQYTKQKVQNEIMAQKEAQIRNITQYSQQIESLYKDIRS
FRHDYLNILTSLRLGIENKDLASIEKIYHQILEKTGHQLQDTRYNIGHLANIQNDAVKGILSAKILEAQNKKIAVNVEVSSK
IQLPEMELLDFITILSILCDNAIEAAFESLNPEIQLAFFKKNGSIVFIIQNSTKEKQIDVSKIFKENYSTKGSNRGIGLAKVNHI
LEHYPKTSLQTSNHHHLFKQLLIIK

TMHMM: it is a novel method used for predicting the transmembrane helices which is based on a hidden
Markov model. This was developed by Anders Krogh and Erik Sonnhammer. This software predicts all the
membrane proteins in a large collection of most of the sequenced genomes and also provides a statistics of
the frequency of proteins with their topology variations (A. Krogh, 2001). The major advantage of this
server is it is based on the Hidden Markov Model (HMM) as such it aids in modelling the helix length. In
contrast many of the methods designed earlier are based on setting both the upper and lower limits for the

length of a membrane helix. The query sequence was restricted to about 8000 amino acids only.

From the output it was found that the desired protein was a TM protein. If the whole sequence was labelled
as inside or outside, then it signifies it contains no membrane helices. The prediction also shows the most
probable location and orientation of transmembrane helices in the sequence. The predicted number of
TMHMM were found to be 6. The graphical report can be seen in the diagram below.
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Figure 1: Result output of the TMHMM server. Left: Image showing the number of predicted TMHs. Right:
Graphic report showing the TM helices. Red colour depicts the TM status.

SignalP: this server predicts not only the presence but also the location of cleavage sites within the signal
peptides. It identifies the cleavage sites from different organisms including prokaryotes and eukaryotes.
SignalP is based on neural network—based method which discriminates the signal peptides from the
transmembrane regions. It is based on a deep convolutional neural network. In order to predict potential
signal peptides of proteins, the D-score from the SignalP output is used for discrimination of signal peptide
versus non-signal peptide (Henricson,A., 2005). This score has been shown to be the most accurate [Klee
and Ellis, 2005] in an evaluation study of signal peptide predictors. In this it filters the sequences and
restricts the user to select between the eukaryota and prokaryota to make the output in an effective manner. It

means it allows a customized organism run which is absent in other cases. The precise prediction is given
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whether the desired protein is a signal peptide or others. Since the selected protein is a TM in nature, the
output in this case is not recognized, as it predicts the signal peptides in highlight. The maximum number of

proteins to be queried is about 5000.
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Figure 2: Result output from SignalP server. Image showing the probability or likeliness to be TM or signal

peptide. Graphic output predicting that the protein is others (orange line) which means TM in nature.

Phobius: this server combines both the transmembrane topology and signal peptide predictions. It provides
easy and accurate method to predict the signal peptides and transmembrane topology (Ka™ Il,L., 2004). It
also aids in making an optimal choice between the transmembrane segments and signal peptides, and also
allows for constrained and homology-enriched predictions (Lao,D.M., 2002). This server stands ahead of
others by predicting the TM as well as whether they are cytoplasmic or non cytoplamsic. Even signal peptide
if any can also be predicted from the output. The desired protein was found to be TM in nature from the
graphic representation below. This adds more beneficial than TMHMM. Even position of the aminoacid is

also given by this server.

Phobius posterior prokabilities for NP_722221.1

1
|
Prediction of NP_722221.1 ﬂ
0.8
D NP_722221.1 _
FT  TOPO_DOM 1 5 NOW CYTOPLASMIC. E
FT  TRANSMEM 3 26 % os
FT  TOPO_DOM 27 37 CYTOPLASHIC. g
FT  TRANSHMEN 38 61 T
FT  TOPO_DOM 62 66 NOW CYTOPLASMIC. k4
FT  TRANSHMEN 67 98 g ™
FT  TOPO_DOM 91 96 CYTOPLASHIC. 2
FT  TRANSHMEM 97 114 g
FT  TOPO_DOM 115 119 NON CYTOPLASMIC. oz |
FT  TRANSMEM 128 148
FT  TOPO_DOM 141 168 CYTOPLASHIC.
FT  TRANSMEM 161 188
FT  TOPO_DOM 181 191 NON CYTOPLASMIC. g
FT  TRANSMEM 192 218
FT  TOPO_DOM 211 441 CYTOPLASHIC.

Figure 3: Result output from Phobius server. Image showing the probability or likeliness of a protein to be
cytoplasmic or non cytoplasmic. Graphic output predicting that the protein is others (orange line) which

means TM in nature.
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When using the TMHMM and SignalP platforms, there is a minor overlap between these two predictions.
When applied to about five complete proteomes, it was found about 30-65% of all predicted signal peptides
and 25-35% of all predicted transmembrane topologies overlap which impairs about 5-10% of predictions
(Klee,E.W. 2005). Hence biologists use Phobius which combines transmembrane topology and signal
peptide predictions. This method was found to make an optimal choice between transmembrane segments
and signal peptides. Even most of the conventional topology predictors predict signal peptides as
transmembrane segments but the results vary a lot from the actual. The problem was resolved by removing
proteins with transmembrane segments when predicting signal peptides. But however, the number of errors
due to cross predictions seems to be same for the two kinds of predictors and moreover the gain was as high
as the loss by such methods. But with the aid of Phobius, a better discrimination was made which forced the
predictor to chose between the two types of features (Krogh,A., 2001). And false classifications of signal
peptides were reduced from 26 to 4% from TMHMM’s (4) and false classifications of transmembrane
helices were reduced from SignalP 2.0’s (5) 19 to 8%.

TMpred: This server makes a prediction of the membrane-spanning regions and also their orientation
(Daley,D.O., 2005). It is based on the algorithm of TMbase, a database of naturally occurring
transmembrane proteins during where the predictions are made using a combination of several weight-
matrices for scoring (Nielsen,H., 1997). The result output is much consolidated predicting the possible
transmembrane helices along with scores above 500. The result also suggests the best model with topology
and best score. The graphic output also clearly depicts the orientation of the protein from inside outside and

inside outside.
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Figure 4: Result output from TMpred server. Image showing the probability or likeliness of a protein to be
cytoplasmic or non cytoplasmic. Graphic output predicting that the protein is others (orange line) which

means TM in nature.

SOSUI: SOSUI on the other hand constructs a system for predicting the membrane proteins by indexing the
amino acids. Amphiphilicity plots of most of the membrane proteins of known 3D structure indicates that
this type of plot is very useful in finding the end region of transmembrane helices (Hirokawa T., 1998). The
accuracy was found to be 99% and the corresponding value for the transmembrane helix prediction was
97%. The server accepts minimum 20amino acids and maximum to about 5000 amino acids. It predicts a
part of the secondary structure of the query proteins and also determines whether the protein of interest is a
soluble or a transmembrane protein (Mitaku S., 1999). The system SOSUI for the discrimination of
membrane proteins and soluble ones together with the prediction of transmembrane helices was developed,
in which the accuracy of the classification of proteins was 99% and the corresponding value for the
transmembrane helix prediction was 97% (Mitaku S., 2002). The output signified that the protein of query
was a soluble [protein and has no signal peptide. The number of TM proteins were found to be 6.

Conclusion:

Predicting the structure and functions of most of the integral membrane proteins seems to be easy only for
water-soluble globular proteins. But to understand extensively about various transmembrane proteins and
secretory proteins, it is very much necessary to identify them at structural level. Only then novel drugs can

be designed and they can be used as drug targets.

However, our knowledge of the membrane protein structural features are very limited owing to the low
resolution information which was available as of now. In the recent years many bioinformatics tools were
designed and used for predicting the transmembrane nature of the proteins. Such prediction not only aids in
finding the structure of the proteins but also whether they are cytoplasmic or not and soluble or not. Such
vast deciphering of the structures aid sin designing novel drugs towards them, which can be used to design
drugs. The current study we found out that all the 5 models were well used by the users and among them

TMpred was mostly used owing to its output features.
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