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Abstract: The proteins of an Antarctic bacterium Pseudomonas syringae Lz4W, identified earlier by different membrane protein
preparation methods, were combined together and the redundant identities removed. In total, 1479 proteins including 148 outer membrane
proteins from this bacterium were predicted by the algorithm PSORTDb3.0. A detailed analysis on their subcellular localization was
undertaken which was determined using TMHMM, TMB-hunt and BOMP. A comparison of PSORTb predicted outer membrane proteins
with BOMP, revealed that most of the proteins predicted by the former, contained B-barrels in the outer membranes. A comparative
analysis of PSORTb, TMHMM and TMB-hunt reveals that most of the outer membranes proteins of this bacterium could be identified
using this approach. Thus, by using a combination of biochemical and different bioinformatics algorithms, the membrane proteins of
P syringae are analyzed. In particular, PSORTDb results are compared and supported by other algorithms, to improve the strength of OM
proteins prediction. Several proteins, having an important role in cold adaptation of the organism, could also be identified.
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Introduction

In proteomics, large numbers of proteins are identified
by tryptic digestion of proteins followed by a LC-MS/
MS analysis."* Pre fractionation and/or separation
of proteins by 1D SDS PAGE in combination with
LC-MS/MS helps in detecting the low abundant
proteins for their identification. All gram-negative
bacteria contain a complex outer membrane (OM),
which envelopes the cell from outside. The space
between the outer membrane and the cytoplasmic
membrane (CM) is called periplasmic space, which
contain loose network of peptidoglycan chains. Each
of the subcellular components contains unique set of
proteins. The subcellular localization (SCL) of the
proteins is an important indicator of their function in
the cell.

The proteins of the Antarctic bacterium Pseudomo-
nas syringae were fractionated using different
methodologies and the proteins were identified
using conventional methods. The membrane proteins
of this bacterium were prepared using several
techniques viz, enrichment and purification of outer
membrane proteins (OMPs), solubilization of these
proteins, their identification and characterization.>¢
Each of these experimental steps is beset with dif-
ficulties mainly because of the intractable nature
of the hydrophobic membrane proteins in the inner
and outer membrane.”® Our earlier studies revealed
that sucrose density gradient method provides better
option for the preparation of OM proteins from the
Antarctic bacterium P. syringae.®

Studies on the mechanism of cold adaptation
using psychrotrophic bacteria revealed that changes
in the structures of membranes and the membrane
components play an important role.'®'® The possible
role of membrane proteins of the Antarctic bacterium
P. syringae in sensing the environmental temperature
was studied in our laboratory.'”'® Preparation of
membrane proteins without co-purification of non-
membrane proteins is an uphill task and several
approaches are being developed to enrich the
membrane proteins.®®

The Antarctic bacterium P. syringae is being used
as a model organism to study cold adaptation in our
laboratory. The membrane proteins were prepared
using different protocols such as sucrose density
gradient, Triton X-100 solubilization method, and
carbonate extraction method. The proteins were

separated on 1D and 2D gels, digested with trypsin
and then identified using LC-MS/MS and MALDI
TOF/TOF analysis. The proteins identified from the
mass spectra of the tryptic peptides obtained from
LC-MS/MS were identified using SEQUEST, where
as the protein digests obtained from 2D gel spots
were analyzed by MALDI TOF/TOF and identified
using MASCOT. As the genome sequence of this
bacterium is not known, the genome sequences of
other Pseudomonas sp. already available at NCBI
were used to identify the proteins.>

It is possible to predict proteomes and protein
localizations in silico based on the genomic infor-
mation using different algorithms developed for this
purpose. As the experimental protocols have their
own limitations, particularly in case of membrane
proteins, different algorithms were also used to
identify the subcellular localizations.

In the present study, the biochemical and bioinfor-
matic approaches were suitably combined to delineate
the subcellular localization of the membrane proteins.
The functional significance of some proteins identified
in this study is also discussed.

Methods

Preparation of membrane proteins

The membrane proteins of the Antarctic bacterium
P syringae were prepared using Triton X-100 solu-
bilization as described earlier’ (Jagannadham 2008),
carbonate extraction procedure® (Molloy et al 2000)
and sucrose density gradient method as described
carlier®! (Gotoh et al 1994; Jagannadham et al 2011).

Sub cellular localization using PSORTDb

All the membrane proteins of P. syringae 1.z4W
obtained using different protocols were listed
together. The protein redundancy was removed based
on the protein name, accession number and sequence
identity.>¢ In all, a total of 1479 proteins were
identified. The sub cellular localization of these
proteins was predicted using the PSORTb version.
3.0.2 program (http://www.psort.org) by choosing
gram-negative long format (tabdelimited). The
output displays the final predictions and associated
scores as described earlier.”? The cytosolic proteins
were clearly predicted with good scores (8.96—10 on
a scale of 10). The transmembrane o-helix predictor
module HMMTOP>?* used in the earlier version
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2.0% for the prediction is replaced with S-TMHMM
in the latest version 3.0 to improve the prediction
of helices.”> The predictions made for each protein
are shown in the Supplemental Table 1. The protein
sequences were submitted in the FASTA format for
all the predictions.

Predicting B-barrels of OMP’s

The B-barrel outer membrane predictor (BOMP)
calculates and predicts the polypeptide sequences
of the gram-negative bacterium for this structural
motif. The B-barrel of the integral membrane proteins
from the outer membrane proteins of P. syringae Lz4AW
have been predicted using the program BOMP as
described earlier.*® Using this algorithm the sequence
predicted for the B-barrel proteins are given scores
from 5 to 1. The values obtained for each protein are
shown in the Supplemental Table 1. The probability of
the protein submitted for prediction being a -barrel
protein increase with increase in the number. This pro-
gram combines two methods, one for identifying the
C-terminal pattern typical of many integral [B-barrel
proteins®’ (Struyve et al 1991), and the other a filtering
mechanism to remove the false positives based on
sequence stretches that contain amino acids typical of
transmembrane [3-strands*® (Wimley 2002). This pro-
gram also has a provision to verify subcellular local-
ization. The proteins that do not contain these domains
will be omitted in the computation.

TMB-Hunt

TMB-Hunt discriminates between [-barrel trans
membrane (bbtm) domains and non-bbtm containing
proteins based on their amino acid composition as
described by Garrow® et al 2005. The membrane
proteins of P, syringae Lz4W prepared using different
methods were analyzed using this program. The
scores for predicting bbtm domains show positive
values and non-bbtm proteins show negative values
ranging from 1 to —1. Proteins containing bbtm and
exhibiting values from 0.2 to 1 are only included in
the present predictions.

Predicting trans-membrane helices

The trans-membrane topology of the membrane
proteins can be predicted using TMHMM program
described by Sonnhammer® et al 1998. This algorithm
can discriminate between soluble and membrane

proteins with high specificity and sensitivity. The
membrane proteins of P. syringae L.z4W were analyzed
using this algorithm, the numbers of trans-membrane
helices present in each protein are predicted and
shown in Supplemental Table 1.

Results and Discussion

Several membrane protein preparation methods also
co-purify proteins from other subcellular locations
of bacteria. Hence it is important to localize these
proteins using other bioinformatics approaches. This
study aims at predicting the subcellular localization
of the proteins prepared and identified using different
membrane protein preparation methods from an
Antarctic bacterium P. syringae Lz4W. Integral
membrane proteins from the cytoplasmic membrane
and the outer membrane differ in their secondary
structure content and amino acid composition.
The cytoplasmic membrane proteins are mainly
composed of hydrophobic o-helices, whereas outer
membrane proteins are mainly composed of B-barrel
motifs.>’ ™ Several algorithms are available to predict
the subcellular localization of the proteins based on
the physico-chemical and conformational properties.
Even though several efficient algorithms are available
to predict subcellular localizations of proteins in
Gram-negative bacteria, no single algorithm is
capable of predicting localizations of all proteins very
efficiently. Hence different algorithms have been used
to predict the subcellular localizations of the proteins
of P. syringae Lz4W. All the predictions made for
subcellular localizations, and further prediction of
o-helices and B-barrels to distinguish CM and OM
proteins respectively using various algorithms are
shown in the Supplementary Table 1 against each
protein.

The subcellular localization of the proteins
identified from P. syringae Lz4W have been predicted
using PSORTDb V.3.0.2 as shown in Figure 1. It is
clear from these results that out of total 1479 proteins,
148 proteins are from OM and 152 are from CM as
predicted by the algorithm (Supplemental Table 1).
The location of 65 proteins could not be predicted,
whereas 32 proteins predicted unknown localization,
contain multiple localization sites. In addition there
are 28 cytoplasmic proteins with multiple localization
sites. It could also be possible that some these proteins
are also part of membrane proteins.
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Figure 1. The sub cellular localization of the proteins in P. syringae
Lz4W, predicted by PSORTb.V.3. The number of proteins predicted in
each subcellular location, OM-outer membrane, CM-cytoplasmic mem-
brane, E-extracellular, P-periplasmic, C-cytosol, C(M)-cytoplasmic with
multiple localization sites, U-unknown, U(M)-unknown location with mul-
tiple localization sites, is shown.

The results of subcellular localization of different
Pseudomonas sp is available at the PSORTb web
site. According to these predictions Pseudomonas
aeruginosa PA7 contains the highest number of 177
OM proteins, whereas the Pseudomonas syringae pv.
phaseolocola 1448A has the lowest number 103 OM
proteins. For the other entire Pseudomonas sp, the OM
proteins lie in between 103 to 177. From this analysis
it is not farfetched to assume that the OM proteins
of the other Pseudomonas sp lie in this range. Using
the same algorithm the SCL of P. syringae Lz4W

predicted 148 OM proteins. Therefore, a comparison
for the predictions of the SCL of proteins from the
Pseudomonas sp was made with the SCL proteins of
P. syringae 1L.zAW, which revealed that almost all the
outer membrane proteins of P. syringae L.z4W were
identified (Table 1). Even though PSORTD continues
to be the most precise subcellular localization predictor
of its kind till date, even the new improved version
does not discriminate between integral B-barrel pro-
teins and OM lipoproteins (Gardy et al 2005, Yu et al
2010). Therefore, other prediction algorithms such as
BOMP and TMB-hunt were also adopted to predict
the integral membrane proteins.

Using BOMP algorithm 62 proteins were predicted
to contain [-barrel motifs. Comparison of these
results with PSORTb showed that most of these
proteins were OM proteins (Fig. 2). BOMP predicted
two proteins containing one and two bbtms, where
as PSORTD predicted one of them as extracellular
protein and the other hypothetical protein was pre-
dicted to be from an unknown localization site. Hence
these results were compared with TMB-hunt. These
two proteins were also predicted by TMB-hunt as
integral membrane proteins with scores of 0.62 and
0.73 (see Supplemental. Table 1). From these results,
it is clear that these OM proteins were predicted by
different bioinformatics programs. Earlier studies
established that some membrane protein preparation
methods are better over others;* it is increasingly
becoming clear that different methods should be
combined to identify the membrane proteome.

Table 1. Comparison of the subcellular localization of proteins from different Pseudomonas sp. using PSORTb.

S. No Localization Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas
aeruginosa aeruginosa entomophila fluorescens fluorescens
PA7 PAO1 L48 Pf-5 Pf0-1
1 Cytoplasmic 2698 2593 2288 2637 2508
2 Cytoplasmic 1336 1276 1179 1487 1356
membrane
3 Extracellular 55 69 51 62 73
4 Outer membrane 177 172 140 171 130
5 Periplasmic 167 170 158 214 184
6 Unknown 1698 1140 1180 1421 1332
7 Unknown 155 146 138 146 139
(multiple
localizations
sites)
8 Total 6286 5566 5134 6138 5722
16 Proteomics Insights 2011:4


http://www.la-press.com

\ 3

Proteins of Pseudomonas syringe Lz4W

BOMP

PSORTb v.3.0

Figure 2. Venn diagram depicting the overlapping and uniquely predicted
OM proteins using BOMP and PSORTb in P. syringae Lz4W. The
commonly predicted proteins which strongly support their presence in
OM were shown in the dark portion.

The program of TMB- Hunt predicted 153 proteins
containing bbtm. From these 108 proteins were also
predicted as OM proteins as revealed by PSORTb
(Fig. 3). A major advantage with TMB-Hunt is that
it does not rely on B-strand detection. Thus it will be
invaluable in complementing other physicochemical
and homology based methods. Thus, it also helps in
validating the scope of predicting the OM proteins.
In addition, both programs BOMP and TMB-Hunt
predict the presence of P-barrel transmembrane
domains. A comparison of TMB-Hunt and BOMP
revealed that 50 proteins were predicted by both the
programs. Twelve proteins were uniquely predicted
by BOMP, whereas 103 protein were uniquely
predicted by TMB-Hunt (Supplemental Table 1).

PSORTb v.3.0 TMB-hunt

TMHMM V.2.0

Figure 3. Venn diagram depicting the overlapping and uniquely predicted
membrane proteins of P. syringae Lz4W. Using these methods 148 proteins
predicted by PSORTb, 153 proteins by TMB-hunt.108 proteins predicted
by PSORTb contain bbtm by TMB-Hunt, strongly supporting their location
in OM. The CM proteins are uniquely predicted by TMHMM.

TMB-Hunt cannot discriminate between beta strands
of bbtm proteins and some globular proteins. Hence,
TMB-Hunt and BOMP are used as additional tools
to verify and support PSORTb OM predictions.
Thus using these different algorithms it is seen
that PSORTD predicted OM proteins efficiently from
P syringae L.z4W.

Transmembrane helices were also predicted using
the hidden Markov model (TMHMM) as described
earlier.** This program can predict the transmembranes
helices upto an accuracy of about 98%.*> Comparative

Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas

mendocinaymp  putida F1 putida KT2440 syringaepv. syringaepv. syringae Lz4w
phaseolicola 1448A tomato str. DC3000

2131 2377 2402 2185 2343 1001

1075 1226 1213 1149 1186 152 + 28*

47 42 53 71 73 8

121 150 148 103 124 148

127 163 154 161 165 45

941 1163 1252 1198 1463 65

152 129 128 118 121 32

4594 5250 5350 4985 5475 1479

Note: *Cytoplasmic protein with multiple localization sites.
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results of different programs used for the prediction
of a-helices and B-barrels along with the subcellular
localization for the membrane proteins of P. syringae
were shown in Figure 3. From these results 153
proteins could be identified as membrane proteins
containing transmembrane B-barrels and 104 proteins
contain helices. In the present study, it is observed
that some of the OM proteins predicted by PSORTb
generally contain one transmembrane helix, whereas
the cytoplasmic membrane proteins contain two and
more than two transmembrane domains.

Several heat shock proteins and chaperones were
identified from the membrane fraction prepared
from P syringae Lz4W (supplemental Tablel).
The role of chaperones in cold adaptation has been
evidenced earlier.’® Aspartate amino transferase, a
protein detected in the membrane fraction in the pres-
ent study has been shown to play a role in bacterial
cryotolerance.’” Several other proteins shown to be
involved in cold adaptation of bacteria*® have also
been identified in this study.

In conclusion, it appears that preparation of
membrane proteins using our protocols is adequate
for enriching outer membrane proteins. Using
a combination of biochemical methods for the
preparation of membrane proteins and bioinformatics
algorithms, the membrane proteins of the gram-
negative bacteria could be localized. These studies
also call for expanding the scope of bioinformatics
algorithms for predicting subcellular locations in
bacterial cells. Some proteins shown to be playing an
important role in cold adaptation were also identified.
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