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Propensity Scale for Predicting Exposed Transmembrane
Beta Barrel Residues from Protein Sequence

Sikander Hayat, Yungki Park, and Volkhard Helms

Center for Bioinformatics, Saarland University, 66041 i®&izcken, Germany
E-mail: {s.hayat, volkhard.helm&@bioinformatik.uni-saarland.de

In the current study, we implement an algorithm to analjlioderive a novel propensity scale
for the Transmembrane Beta barrel (TMB) residues to be edasthe lipid bilayer. Since
it is very difficult to experimentally determine their 3D wttures and given the fact that they
perform several important functions in the cell proteoméath gram-negative bacteria and
eukaryotes, it is imperative to develapsilico methods for the modeling of their 3D structure.
The algorithm previously described by us for Transmemb#rpba helical proteins takes into
account the evolutionary conservation and frequency prédilderive a positional score for a
given Transmembrane residue. The scale, based on ridgessén, is derived such that the
positional score for a given residue is maximally correlatgth its relative solvent-accessible
surface area (rSASA) value. A leave-one-out test with knetvoctures demonstrates the
correlation coefficient between the observed and predic3&®EA values to be around 0.52.
Analysis of scales derived for both the interface and therdpladobic core of the TMBs
provides interesting insights into structural aspectsMBTresidues.

Keywords: ridge regression, TM Beta Barrel proteins, feauy profile, propensity scale

1 Introduction

TMBs, composed of antiparallel Transmembrane beta strandsconnected by soluble
loop regions are inserted into the outer membrane (OM) afhgmagative bacteria, mi-
tochondria and chloroplasts, where they perform a variefymctions, including passive
transport of ions and small hydrophilic molecules, membramchoring and a role in bac-
terial pathogenicity®. The lipid-facing surfaces of the barrels are composed dfdyho-
bic residues and the residues facing the interior of theshare mostly polar residugo
facilitate transfer of small solute molecules. Accuratedure prediction of TMBs still
remains a challenge, as Transmembrane protein structareatébe easily studied using
X-ray crystallographic and NMR methods. As of now, no pragignscale exists that can
account for the propensities of TMB residues to be exposedeadipid bilayer. In this
study, we implement an algorithm previously establishedi#yfor deriving a propensity
scale for Transmembrane Alpha helical residues to forrauvad propensity scales for the
Beta barrel residues to be exposed to the lipid bilayer ahytigophobic core and at the
interface region, respectively. Briefly, the algorithnesito maximize the correlation co-
efficient between the observed and the predicted rSASA sdhrea given residue. The
rSASA value of a residue describes the extent to which thaicpéar residue is exposed
to the lipid bilayer. Previously, it has been observed tlidapresidues tend to be buried
inside and hence are less exposed to the bilayer in the higdbipcore regioh The same
is not true for residues at the interfaces, where the disbndetween the exposure pat-
terns is influenced by the changing nature of the lipid emritent. It is also known that
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the more conserved a residue is, the more it is structurallyca functionally important
for the protein. Consequently, the frequency profile of tBendturally occurring amino
acids and their positional conservation Index is used amtheé vector.

2 Materials and Methods

A non redundant data set of known TMB structures was comypitadarily based on the
list provided by Tusnadgt al®. The final dataset comprises of 25 protein chains with 2305
and 1195 TM residues in the hydrophobic core and interfagiemerespectively. The hy-
drophobic region was derived from the OPM databsEhe classification of each residue
as being buried or exposed to the lipid bilayer was basedsorSASA value. As previ-
ously described by dsthe SASA values were calculated with the VOLBL programesuit
employing a probe radius of 28 To prevent the residues lining the internal cavity of the
protein from being classified as exposed, capping with dumesiglues was performed for
both the interfaces and the hydrophobic core. SASA valugs wermalized to generate
rSASA values by considering the SASA values for each amingd ¥dn the context of
the tri-peptide G-X-G. The positional frequency for a givesidue was calculated using
AL2CO program suite. The complexity parameter for ridgeesgion was found by em-
ploying 10 fold cross validation. Calculations performetihg R yielded 0.691 and 0.301
as complexity parameters for hydrophobic and interfacemnesg respectively.

3 Results and Discussion

3.1 Implementation of an Optimum Propensity Scale for TMBs

PHE MET TRP ILE VAL LEU ALA PRO ASP GLU
HMOB | 0.086 | -0.086 | 0.030 | 0.023 | 0.077 | 0.246 | 0.056 | 0.068 | -0.062 | -0.055
IMOB 0.096 | -0.040 | 0.094 | 0.044 | 0.019 | 0.100 | -0.017 | 0.030 | -0.057 | -0.059
MO -0.010 | -0.230 | -0.030 | 0.050 | 0.020 | 0.020 | -0.090 | -0.100 | -0.270 | -0.200
CYSs ASN GLN THR TYR SER GLY HIS ARG LYS
HMOB | 0.047 | -0.061 | -0.060 | -0.035 | -0.020 | -0.075 | -0.026 | -0.026 | -0.062 | -0.063
IMOB | -0.050 | -0.043 | -0.031 | -0.006 | 0.078 | -0.063 | -0.038 | 0.020 | -0.038 | -0.041
MO -0.160 | -0.230 | -0.220 | -0.180 | -0.150 | -0.190 | -0.180 | -0.240 | -0.210 | -0.100

Table 1. The propensity scales for transmembrane BeteBawoteins. HMOB = Hydrophobic MO Beta, IMOB
= Interface MO Beta, MO = MO scale for transmembrane alph&dleproteins. The standard deviation of
individual propensity values with leave-one-out test wasfl to be less than 0.008 in all cases.

As can be seen in Table 1, the propensity values for TMB residoibe exposed to the
bilayer are smaller in magnitude than their counterpari@@msmembrane Alpha helices.
This could be due to the less hydrophobic exterior of TMBsicWlis necessary for their
translocation via the inner membré&n&he affinity for hydrophobic residues to be exposed
to the hydrophobic environment of the lipid bilayer is in cent with the experimental
results.
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0.00° (0.44F | 0.01(0.37)] 0.02(0.35)] 0.03(0.34)| 0.04 (0.33)] 0.05 (0.33)
HMOB CC(0.51) 67.2 73.1 75.0 75.8 76.0 774
+CI CC(0.52) 69.9 76.3 78.3 78.7 79.1 79.7
0.00° (0.40F | 0.01(0.45)| 0.02(0.44) | 0.03 (0.42)| 0.04 (0.41)| 0.05 (0.39)
IMOB CC(0.48) 76.6 76.6 76.0 76.6 77.0 771
+CI CC(0.49) 77.2 78.3 77.7 78.0 78.8 78.7

Table 2. Performance comparison of the derived scalesfatefit rSASA values in the hydrophobic core region.
Entries reflect the accuracy of prediction, which improveththe inclusion of conservation index as an input
parameter. a = Threshold rSASA, b = fraction of exposed vesidCC =Absolute magnitude of Correlation co-
efficient between the observed rSASA and the computed ppaltscore, ACC = Accuracy of correct prediction
in percentage, Cl = Conservation index.

3.2 Performance Comparison of Propensity Scales

A leave one out test was conducted to measure the perfornoditice propensity scales.
The performance of the particular scale was assessed hyzarathe correlation between
positional score and the observed rSASA values and by thresmonding prediction ac-
curacy. A support vector machine in R was used to implementdhkt. As depicted in
Table 2, the choice of the cutoff value for the rSASA value isgor factor when it comes
to predicting the burial status. In the current study, thisoff was objectively chosen
based on the SVM. The table also shows that inclusion of ¢gaten indices as an input
parameter enhances the performance of the derived scaiesovErall weak correlation
between the observed rSASA and the computed positionat seargests that the lipid
protein interaction might not be the only factor involvedpirotein insertion and folding
mechanisrh

3.3 Comparative Analysis and Correlation with Other Scales

Scale (Reference) HMOB | IMOB
Hydrophobicity KD (Kyte et al., 1982) 0.68 0.46
EIS (Eisenbergt al.,, 1984) 0.63 0.61
GES (Engelmaret al,, 1986) 0.54 0.51

WW (Wimbley et al., 1996) 0.56 -
Hessa (Hessat al., 2005) -0.58 -0.52
Size Bulkiness (Zimmermaset al., 1968) 0.53 0.74
Packing Partial specific volume (Cohet al.,, 1943) 0.60 0.59
Others KPROT (Pilpelet al., 1999) 0.61 0.30

Table 3. Correlational analysis with other scales. The@nsjty scales derived here shows weak correlation with
other scales.

As shown in Table 3, one method to discover the other factm@ved in TMB fold-
ing could be to find other scales that strongly correlate withscales derived here. As
expected, the hydrophobicity scales show a weak correlatith the propensity scales
derived here, which can be atributed to the less hydropletiarior of TMBs.
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4 Conclusion

The current study successfully implements the MO algoriftbmTransmembrane Beta
barrel proteins. The propensity scales for both the hydsbhcore and the interface
region are presented. The derived scales confirm the lessjiyobic exterior of the TMBs
and are weakly correlated with hydrophobicity scales. AHer analysis of the scale in
terms of principal components, distance of the residue ftoenlipid bilayer core and
more advanced statistical methods need to be employedlyoufudierstand the insertion
and the folding mechanism of the TMBs in an analytical wayvé&epment of a reliable
predictor for the burial status of TMBs can be used to impaigt@mnal constraints on
starting template models while performiaf initio structure predictioh Further analysis
of TMB residue propensities might provide important ingggmto the evolution of the
mitochondrial OM and the development of its protein biogimeysterf.
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