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In the current study, we implement an algorithm to analytically derive a novel propensity scale
for the Transmembrane Beta barrel (TMB) residues to be exposed to the lipid bilayer. Since
it is very difficult to experimentally determine their 3D structures and given the fact that they
perform several important functions in the cell proteome ofboth gram-negative bacteria and
eukaryotes, it is imperative to developin silico methods for the modeling of their 3D structure.
The algorithm previously described by us for TransmembraneAlpha helical proteins takes into
account the evolutionary conservation and frequency profile to derive a positional score for a
given Transmembrane residue. The scale, based on ridge regression, is derived such that the
positional score for a given residue is maximally correlated with its relative solvent-accessible
surface area (rSASA) value. A leave-one-out test with knownstructures demonstrates the
correlation coefficient between the observed and predictedrSASA values to be around 0.52.
Analysis of scales derived for both the interface and the hydrophobic core of the TMBs
provides interesting insights into structural aspects of TMB residues.
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1 Introduction

TMBs, composed of antiparallel Transmembrane beta strandsand connected by soluble
loop regions are inserted into the outer membrane (OM) of gram-negative bacteria, mi-
tochondria and chloroplasts, where they perform a variety of functions, including passive
transport of ions and small hydrophilic molecules, membrane anchoring and a role in bac-
terial pathogenicity1–4. The lipid-facing surfaces of the barrels are composed of hydropho-
bic residues and the residues facing the interior of the barrel are mostly polar residues5 to
facilitate transfer of small solute molecules. Accurate structure prediction of TMBs still
remains a challenge, as Transmembrane protein structure can not be easily studied using
X-ray crystallographic and NMR methods. As of now, no propensity scale exists that can
account for the propensities of TMB residues to be exposed tothe lipid bilayer. In this
study, we implement an algorithm previously established byus7 for deriving a propensity
scale for Transmembrane Alpha helical residues to formulate two propensity scales for the
Beta barrel residues to be exposed to the lipid bilayer at thehydrophobic core and at the
interface region, respectively. Briefly, the algorithm tries to maximize the correlation co-
efficient between the observed and the predicted rSASA values for a given residue. The
rSASA value of a residue describes the extent to which that particular residue is exposed
to the lipid bilayer. Previously, it has been observed that polar residues tend to be buried
inside and hence are less exposed to the bilayer in the hydrophobic core region5. The same
is not true for residues at the interfaces, where the distinction between the exposure pat-
terns is influenced by the changing nature of the lipid environment. It is also known that
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the more conserved a residue is, the more it is structurally and/or functionally important
for the protein. Consequently, the frequency profile of the 20 naturally occurring amino
acids and their positional conservation Index is used as theinput vector.

2 Materials and Methods

A non redundant data set of known TMB structures was compiledprimarily based on the
list provided by Tusnadyet al.6. The final dataset comprises of 25 protein chains with 2305
and 1195 TM residues in the hydrophobic core and interface region, respectively. The hy-
drophobic region was derived from the OPM database10. The classification of each residue
as being buried or exposed to the lipid bilayer was based on its rSASA value. As previ-
ously described by us7, the SASA values were calculated with the VOLBL program suite
employing a probe radius of 2.2̊A. To prevent the residues lining the internal cavity of the
protein from being classified as exposed, capping with dummyresidues was performed for
both the interfaces and the hydrophobic core. SASA values were normalized to generate
rSASA values by considering the SASA values for each amino acid X in the context of
the tri-peptide G-X-G. The positional frequency for a givenresidue was calculated using
AL2CO program suite. The complexity parameter for ridge regression was found by em-
ploying 10 fold cross validation. Calculations performed using R yielded 0.691 and 0.301
as complexity parameters for hydrophobic and interface regions, 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

CYS 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 Beta-Barrel proteins. HMOB = Hydrophobic MO Beta, IMOB
= Interface MO Beta, MO = MO scale for transmembrane alpha helical proteins. The standard deviation of
individual propensity values with leave-one-out test was found to be less than 0.008 in all cases.

As can be seen in Table 1, the propensity values for TMB residues to be exposed to the
bilayer are smaller in magnitude than their counterparts inTransmembrane Alpha helices.
This could be due to the less hydrophobic exterior of TMBs, which is necessary for their
translocation via the inner membrane8. The affinity for hydrophobic residues to be exposed
to the hydrophobic environment of the lipid bilayer is in concert with the experimental
results4.
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0.00a (0.44)b 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 77.4

+CI CC(0.52) 69.9 76.3 78.3 78.7 79.1 79.7
0.00a (0.49)b 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 77.1
+CI CC(0.49) 77.2 78.3 77.7 78.0 78.8 78.7

Table 2. Performance comparison of the derived scales at different rSASA values in the hydrophobic core region.
Entries reflect the accuracy of prediction, which improves with the inclusion of conservation index as an input
parameter. a = Threshold rSASA, b = fraction of exposed residues, CC =Absolute magnitude of Correlation co-
efficient between the observed rSASA and the computed positional score, ACC = Accuracy of correct prediction
in percentage, CI = Conservation index.

3.2 Performance Comparison of Propensity Scales

A leave one out test was conducted to measure the performanceof the propensity scales.
The performance of the particular scale was assessed by analyzing the correlation between
positional score and the observed rSASA values and by the corresponding prediction ac-
curacy. A support vector machine in R was used to implement the test. As depicted in
Table 2, the choice of the cutoff value for the rSASA value is amajor factor when it comes
to predicting the burial status. In the current study, this cutoff was objectively chosen
based on the SVM. The table also shows that inclusion of conservation indices as an input
parameter enhances the performance of the derived scales. The overall weak correlation
between the observed rSASA and the computed positional score suggests that the lipid
protein interaction might not be the only factor involved inprotein insertion and folding
mechanism8.

3.3 Comparative Analysis and Correlation with Other Scales

Scale (Reference) HMOB IMOB
Hydrophobicity KD (Kyte et al., 1982) 0.68 0.46

EIS (Eisenberget al., 1984) 0.63 0.61
GES (Engelmanet al., 1986) 0.54 0.51
WW (Wimbley et al., 1996) 0.56 -
Hessa (Hessaet al., 2005) -0.58 -0.52

Size Bulkiness (Zimmermanet al., 1968) 0.53 0.74
Packing Partial specific volume (Cohnet al., 1943) 0.60 0.59
Others KPROT (Pilpelet al., 1999) 0.61 0.30

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

As shown in Table 3, one method to discover the other factors involved in TMB fold-
ing could be to find other scales that strongly correlate withthe scales derived here. As
expected, the hydrophobicity scales show a weak correlation with the propensity scales
derived here, which can be atributed to the less hydrophobicexterior of TMBs.
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4 Conclusion

The current study successfully implements the MO algorithmfor Transmembrane Beta
barrel proteins. The propensity scales for both the hydrophobic core and the interface
region are presented. The derived scales confirm the less hydrophobic exterior of the TMBs
and are weakly correlated with hydrophobicity scales. A further analysis of the scale in
terms of principal components, distance of the residue fromthe lipid bilayer core and
more advanced statistical methods need to be employed to fully understand the insertion
and the folding mechanism of the TMBs in an analytical way. Development of a reliable
predictor for the burial status of TMBs can be used to impose additional constraints on
starting template models while performingab initio structure prediction9. Further analysis
of TMB residue propensities might provide important insights into the evolution of the
mitochondrial OM and the development of its protein biogenesis system8.
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