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irio. Results of LC-MS/MS spectrometry revealed that S. irio ubiquitin (Siu) shares
around 77% sequence identity with already reported ubiquitin proteins from
Triticum aestivum, Avena sativa, Arabidopsis thaliana and others. Siu revealed a
molecular weight of 17 kDa on non-reduced SDS-PAGE while a reduced band of
approximately 9 kDa in the presence of [-mercaptoethanol. A pl of 9.2 was
calculated by isoelectric focusing measurement. Circular Dichroism (CD)
spectroscopic studies showed that the secondary structure of Siu comprised of about
6.5% a-helix, 39.3% B-sheet, 0.7% turn, 53.5% random coil which indicates that it is
mostly B-sheeted. Similarly, a hydrodynamic radius (Ru) of 2.44 nm was calculated
by Dynamic Light Scattering (DLS) for monodispersive Siu which further infers the
presence of a dimeric status of 9 kDa native protein in solution. Multiple sequence
alignment of 20 different ubiquitin sequences revealed that ubiquitin sequence is
well conserved in nature with very few amino acid differences, e.g. R42K, Q49D,
and Q62D. Homology modeling of Siu (11-28, and 42-76) residues suggested
overall conserved secondary and tertiary conformation and other structural motifs.
This report describes the purification, characterization and structural analysis of an
ubiquitin protein from seeds of S. irio.

INTRODUCTION

Ubiquitin is a globular and small protein present in all

role in the response to stress. In all eukaryotic cells,
Ubiquitin functions to modify proteins through a post-
translational regulatory mechanism (Haglund and

eukaryotic cells. The amino acid sequence of this
protein is extremely well conserved from protozoan to
vertebrates (Hochstrasser, 2000). Ubiquitin comprises
of 76 amino acid residues and has a molecular mass of
about 8.5 kDa (Thrower et al., 2000). The ubiquitinated
proteins are well known for their degradation by 26S
proteasome, one case being that more than four Ubs
consists of a multi-Ub chain via lysine (K) 48 residues
(Pickart, 2004). Genetic and molecular data in plants
suggested that the Ub/26S pathway plays an important
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Dikic, 2005). The last four C-terminal amino acids
(LRGG) extending from the compact structure, are
responsible for its function (Mukhopadhyay and
Riezman, 2007). Ubiquitin in the form of a signal
molecule is covalently attached to a substrate protein
which leads to many different outcomes. This
attachment of ubiquitin to target proteins is responsible
for the development of an isopeptide linkage between
the C-terminal glycine and the epsilon amino group of
lysine in the target proteins (Peng et al.,, 2003).
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Additionally, this covalent conjugation of substrate
proteins with ubiquitin (Ub) has developed as a
powerful mechanism that controls the stability, function
or localization of multiple proteins (Pickart, 2001).
Similarly, other types of ubiquitination such as non-
canonical ubiquitination and mono ubiquitination, are
applied in many other cellular functions, including
DNA damage repair, endocytosis, signal transduction
and endosomal sorting (Jurado et al., 2008). Other than
these important functions, ubiquitins are also involved
in antigen process, apoptosis, immune response and
inflammation ribosome biogenesis (Kurosu et al.,
2007). Ubiquitination of target proteins needs the
stepwise action of further three enzymes e.g., Ub-
activating enzyme (E1), Ub-conjugating enzyme (E2)
and Ub-ligase (E3) (Love et al., 2005).

Brassicaceae (Cruciferae) is an economically important
plant family with wide spectrum agronomic traits
(Aguilar and Wendland, 2003). London rocket
(Sisymbrium irio) locally known as khub kalana in
Pakistan is an annual herb and belongs to the family
Brassicaceae (Cruciferae). It is grown in different parts
of the Indo-Pak subcontinent and in the Middle East. S.
irio is a minor oil crop; widely used as culinary and for
medicines as remedies for different diseases e.g.,
inflammation, rheumatoid antipyretic, analgesic and
antioxidant (Vohora et al., 1980). In the present study,
S. irio ubiquitin (Siu) was analyzed thoroughly and a
comprehensive molecular characterization is presented
here.

MATERIALS AND METHODS

Plant material

Seeds of S. irio (Voucher number: BZBOT00110734)
were taken from the Botanical garden, Bahauddin
Zakariya University Multan, Pakistan.

Extraction and purification of ubiquitin

Seeds (5 g) of S. irio were finely grinded by pestle and
mortar to a powder form and was homogenized in 50
ml citrate buffer (100 mM, pH 3.0) containing 1 mM of
phenylmethylsulfonyl floride (PMSF) as protease
inhibitor. The mixture was stirred continuously for five
hours at 25°C. After stirring, the sample was
centrifuged (Ogawa 6470, Japan) at 17,000 x g for 45
minutes and the pellet was discarded. The supernatant
was filtered through Whatman filter paper (pore size 8
pm; EW-06648-46) to remove any particulate matter.
The clear crude extract (50 ml) was concentrated to 10
ml using a concentrator with a 3 kDa cut off membrane
(AMICON) and was applied onto a Hi-Load 16/60
Superdex 200 pg column using citrate buffer containing
150 mM NaCl. The protein was eluted with the same
citrate buffer at a flow rate of 1.0 ml/min. Absorbance
of the eluent was recorded at 280 nm. The fractions
with maximum protein contents were combined and
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analyzed by SDS-PAGE. 0.01% NaNs; was added to
avoid any microbial growth. All the protein
quantifications for the crude extract or the purified
ubiquitin were calculated by applying a Nanodrop
2000c (Thermo Scientific, peqLab, Germany). 2 pl of
protein solution were applied to the sensor while
extraction buffer was used as blank. Absorbance was
converted to corresponding quantifications by the help
of Lambert and Beer equation as given below:
A280=¢*b*c

Gel electrophoresis (SDS-PAGE)

The common procedure (Laemmli, 1970) was adopted
for the preparation of the one dimensional 15% gels (E-
VS10-SYS, omniPAGE mini-System, Germany) to
visualize the protein samples. The gel was stained with
either coomassie brilliant blue R-250 dye (Sigma
Aldrich, CBBR-250) for visualizing the protein bands
and molecular weight determination by using protein
marker (Thermo Scientific; Catalogue # 22610).

Mass spectrometric analysis and protein identification
Gel bands stained with colloidal Coomassie dye were
cut out and reduced with DTT (10 mM, 56°C, 30 min.).
The protein was digested with trypsin (5 ng/ul;
sequencing grade trypsin, Promega, USA) in 50 mM
NH;HCO; at 37°C for 16h. After digestion, the gel
pieces were extracted in 50% acetonitrile/5% formic
acid solution, the combined extracts were lyophilized in
a vacuum concentrator and re-dissolved in 20 pl of
0.1% formic acid.

LC-MS/MS data were recorded by injecting the protein
samples on a nano liquid chromatographic system
(Dionex UltiMate 3000) coupled via electrospray-
ionization (ESI) to an orbitrap mass spectrometer
(Orbitrap Fusion, Thermo Scientific, Germany). Mass
spectrometric data was recorded in positive ion mode.
LC-MS/MS measurement was carried out in data
dependent acquisition mode (DDA). MS/MS spectra
were measured in the ion trap of the instrument.
LC-MS raw data were processed with software
Proteome Discoverer 2.0 (Thermo Scientific,
Germany). For ubiquitin identification, MS/MS spectra
were screened with Sequest HT against the Arabidopsis
and the plant Uniprot data base (www.uniprot.org:
downloaded November 10, 2015) and a contaminant
database (298 entries). The searches were performed
using the following parameters: precursor mass
tolerancee 10 ppm, fragment mass tolerance 0.2 Da,
two missed cleavages allowed, carbamidomethylation
of cysteine residues as fixed modification, oxidation of
methionine residues as a variable modification.
Identifications were validated manually.

Isoelectric focusing (IEF)

IEF was performed on 17 cm long and 0.5 mm gel
thickness strip (pH 3-10, Sigma). Purified ubiquitin
(505 pg) was loaded on a horizontal gel maintained at
28°C in dehydration buffer containing (8 M urea, 2%
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CHAPS, 50 mM dithiothreitol (DTT), 0.2% Bio-Lyte
ampholytes and 0.001% bromophenol blue) overnight.
The pl markers (Sigma, USA) ranging from 3 to 10 pH
were used to estimate the isoelectric pH of the proteins.
Isoelectric focusing was performed in an IEF focusing
cell (Bio-Rad). After IEF, the proteins were stained by
coomassie brilliant blue.

Circular dichroism (CD) analysis

CD experiment was performed to determine the
secondary structure of ubiquitin on CD6 dichrograph
(Jobin Yvon, Longjumeau, France). Purified ubiquitin
(0.2 mg/ml) was prepared in 100 mM citrate buffer, pH
3.0. The CD spectrum of ubiquitin was recorded in the
far-UV-range between 195-260 nm at 25°C ina 1 mm
path length quartz cell. The percentage of secondary
structure of ubiquitin was determined by using Spectra
Manager™ software (Jasco).

Dynamic light scattering (DLS) measurements
Dynamic light scattering (DLS) measurement was used
to determine the size distribution profile of particles in
solution. When the laser light passes through the
solution, light scatters from the solution corresponding
to the diffusion coefficient of particles by equating
through the Stokes-Einstein equation (Brown, 1993).
Analysis of the autocorrelation function in terms of
particle size distribution was computed which tells
about a monodisperse sample which should give a
single exponential decay. A 15 ul sample of Siu protein
was pipette out in a cuvette and dynamic light
scattering (DLS) signals of the purified protein was
recorded using a SpectroLight 300 (Xtal Concept) over
a suitable period of time.

In-Silico analysis of Siu

The obtained peptide fragments were submitted to
Quick 2D (Alva et al., 2016) server for the prediction of
secondary structural elements. Each individual peptide
was identified by LC-MS/MS and their possible
combinations were searched using BLAST (Altschul et
al., 1997) in the UniProtKB/Swiss-Prot database for
their recognition. For multiple sequence alignment of
amino acid sequences that are identical with our
provided arranged sequence, a search was also
performed applying BLAST in the UniProtKB/Swiss-
Prot database and PDB as well for homology
modelling. Non-redundant sequences from 20 different
species were subsequently aligned using ClustalW by
keeping the default parameters fixed (Thompson et al.,
1994). The crystal structure of an ubiquitin from single
cell fungi Saccharomyces cerevisiae (Sc-Ub,, PDB-ID:
4NNJ_D) (Schafer et al., 2014) was found as the best
template by providing 90% sequence identity, 56%
similarity and an expect value of 1le-24. The aligned
sequences of Siu and Sc-Ub, were subjected to model
building in Swiss-Model server (Biasini et al., 2014,
Arnold et al., 2006). Models were built based on the
target-template alignment using ProMod3 (Benkert et
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al., 2011). Coordinates which were conserved between
template and target are copied from the template to the
model. Fragment library was used to remodel insertions
and deletions and side chains were then rebuilt. In the
end, the conformation of the resulting structure was
regularized by using a force field. The quality of the
model was assessed by drawing Ramachandran plot
using Procheck (http://services.mbi.ucla.edu/Procheck/)
(Laskowski et al., 2001). Figure 5A-B containing
structural details were rendered using Chimera
(Pettersen et al., 2004).

RESULTS

Protein purification, identification and amino acid
sequencing

Ubiquitin protein, isolated from seeds of S. irio, was
purified by subjecting to size-exclusion chromato-
graphy in 100 mM citrate and 150 mM NaCl buffer, pH
3.0 to obtain the purified protein fractions. Fig. 1A
shows the presence of three protein bands appeared at
pH 3.0 while two distinct peaks obtained in the
chromatogram as displayed in Fig. 1B. Pure protein
fractions showing high absorbance at 280 nm were
stored at 4°C. One dimensional SDS-PAGE was
performed under both reducing (with p-merca-
ptoethanol) and non-reducing conditions to investigate
the molecular weight and number of protein bands in S.
irio extract as demonstrated in Fig. 1C. The results of
SDS-PAGE showed that the purified protein has a
molecular weight of ~17 kDa under non-reducing
conditions (lane L1) and about 9 kDa under reducing
conditions (lane L2). These results suggest the possibility
of the presence of a dimer of the purified protein in
solution. The purified protein was digested with trypsin
and resulting peptides were subjected to LC-MS/MS mass
spectrometry. Five peptides i.e. KTITLEVE SS (10),
DTIDNVKAK (9), LIFAGKDL (8), EDGRT LADYN
(10) and IDKESTLHLVLRLR (12) were identified in the
protein of interest from the S. irio seeds which on BLAST
search confirmed the ubiquitin identity as exemplified in
Table 1. IEF showed single band on the IEF gel revealing
the basic pl of 9.2 as illustrated in Fig. 1D.

CD spectroscopy

Fresh samples were dialyzed at a low salt concentration
buffer and secondary structure was determined by using
CD spectroscopy. The shape of the averaged spectrum
is typical for proteins containing a-helix and B-sheet
structure (Manavalan and Johnson, 1983) possessing
two distinct minima at 195 nm and 260 nm. Fig. 2A
shows the CD spectrum resulting in a calculated content
of about 6.5% a-helix, 39.3% B-sheet, 0.7% turn,
53.5% random coil. The root-mean-square (RMS)
values between the fitted curves (Reed and Kinzel,
1984) and the ubiquitin data was found as 5.11%.
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Fig. 1: Extraction, purification and isoelectric focusing of ubiqitin. (A) SDS-PAGE analysis of S. irio crude extract at pH
3.0in lane L, (B) Size-exclusion chromatogram obtained from Superdex 200 column, (C) SDS-PAGE analysis of S.
irio purified protein, comprising lane M for molecular weight standard, lane L1 for non-reducing condition and
lane L2 for reducing condition. (D) Isoelectric focusing (IEF) of purified S. irio ubiquitin showing single band on
strip with the alkaline pl of 9.2.
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Fig. 2: Circular dichroism and dynamic light scattering of Ubiquitin. (A) Far-UV CD spectrum, (B) DLS and (C) the

hydrodynamic radius (Rw) of ubiquitin purified from S.irio seeds.
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Daucus carota @ !KIQDKEGIPPDQQF LIF T TLHLVLRLRGEHSS 78
Deschampsia antarctica : 2KIQDKEGIPPDQQF LIF. T TLHLVLRLEGES 77
Oryza sativa : iKIQDKEGIPPDQCFLIF T TLHLVLRLRGESS 17
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Fig. 3: Multiple sequence alignment of ubiquitin proteins from different species present in UniprotKB database. Black
background showed overall conserved regions and grey background also revealed conserved regions but not
obtained through LC-MS/MS in Siu sequence, - represents gaps whereas * indicates exactly identical residues.
Red boxes show conserved changes while green boxes represent non-conserved changes.
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Table 1: Sequence similarity of identified peptide fragments obtained from LC-MS/MS

Protein name, organism & UniProtKB/Swiss-Prot ID: (Amino acid

Peptide fragments % Identity E-value numbering)

KTITLEVESS 90 4x108 polyubiquitin, Arabidopsis thaliana, Q39256.1 (89-98)
DTIDNVKAK 100 2.0x 102  polyubiquitin, Arabidopsis thaliana, Q39256.1 (99-107)
LIFAGKDL 88 8.4 polyubiquitin, Caenorhabditis elegans, POCG71.1 (119-126)
EDGRTLADYN 100 7.0x10*  polyubiquitin, Arabidopsis thaliana, Q39256.1 (129-138)
IDKESTLHLVLRLR 93 3.0x10%  polyubiquitin, Caenorhabditis elegans, POCG71.1 (137-150)
KTITLEVESS

DTIDNVKAK

LIFAGKDL 77 1.0x 10  Ubiquitin, Triticum aestivum or bread wheat, P69326.2 (11-74)
EDGRTLADYN

IDKESTLHLVLRLR
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Fig. 4: Ramachandran plot of the modeled Siu structure
indicating no amino acids in the disallowed region
as an indication of good quality model.

DLS measurements

The Siu protein sample was subjected to DLS
measurements after centrifugation, in order to remove
unordered aggregates. Fig. 2B shows the DLS results of
Siu protein revealing the monodispersive nature in
solution, inferred from their single line signal with the
hydrodynamic radius (Ry) of 2.44 (Fig. 2C). Although
ubiquitins have also been reported as 9 kDa in native
conformation as well, however, Siu appeared in dimeric
form of 17 kDa under non-reduced conditions of SDS-
PAGE. This Ry value of 244 provided further
confirmation of the dimeric status of globular shape Siu
in solution form.
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In-Silico analysis of Siu

Fig. 3 demonstrates the multiple sequence alignment of
S. irio ubiquitin (Siu) amino acid sequence with other
homologues ubiquitin  sequences present in the
UniProtKB database. The analysis showed that the
identified 51 amino acid sequence of Siu possess 77%
identity with other ubiquitin sequences obtained from
different  species; e.g., Camelus dromedaries,
Caenorhabditis elegans, Acanthamoeba castellanii,
Trypanosoma  cruzi, Cryptococcus neoformans,
Schizosaccharomyces pombe, Saccharomyces
cerevisiae, Neurospora crassa, Coprinellus
congregates, Chlamydomonas reinhardtii, Daucus
carota, Deschampsia antarctica, Oryza sativa,
Nicotiana sylvestris, Arabidopsis thaliana, Helianthus
annuus, Brassica rapa, Triticum aestivum, Avena sativa
and Hordeum vulgare. Minor changes were observed in
Siu sequence at positions 42, 49 and 62. Structure and
sequence of ubiquitin was recently reviewed in the
literature which revealed that despite of few
conservative changes; ubiquitin sequence is almost
invariant from yeast to man (Aguilar et al., 2003).
Presence of alanine residues in place of serine at
positions 28 and 57 were considered as conservative
changes because it was also observed in other
sequences. However, replacement of R42 by K42, Q49
and Q62 by D49 and D62, respectively are non-
conserved changes and might be consider as the unique
features of Siu. The arranged amino acid sequence (1-
51) of Siu was perfectly aligned with the amino acids
(1-76) of Saccharomyces cerevisiae ubiquitin (Sc-Ub,
PDB-ID: 4NNJ_D). The alignment induces two gaps in
the Siu sequence corresponding to the amino acids # 1-
10, and 29-41 of Sc-Ub,.

A homology model of Siu with amino acids (11-28 and
42-76) was successfully generated by using the crystal
structure information of Sc-Ub, (PDB-ID: 4NNJ_D).
The quality of the model was checked by Procheck
online tool which gave a Ramachandran plot for the
modeled Siu as displayed in Fig. 4. Out of 51 modeled
residues, Ramachandran plot showed 95.7% in the most
favored region, 2.1% in allowed region, 2.1% in
generously allowed and 0% in disallowed region.
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B C-Terminal

Fig. 5: Structural features of ubiquitin from Sisymbrium irio. (A) human erythrocytic ubiquitin (PDB-I1D: 1UBQ) and (B)
S. irio ubiquitin (Siu). Structural motifs include F4 patch yellow, TEK box orchid, 136 patch salmon, and 144 patch

cyan in colors.

Therefore, the modeled Siu structure is good enough for
further analysis. The crystal structure of human
erythrocytic ubiquitin (heu) has been explained in detail
and its structural features can be compared with the
modeled Siu (Vijay-Kumar et al., 1987). In general,
ubiquitin structure is compact in nature and only last six
C-terminal residues (71-76) are unordered. Fig. 5A
displays the crystal structure of heu showing all of its
structural features. According to the human erythrocytic
ubiquitin  numbering (PDB-ID: 1UBQ), ubiquitin
structure comprised of five B-strands holding residues
1-7, 11-17, 40-45, 48-50, and 65-72 (Fig. 5A, orange
sheets). Furthermore, one a-helix comprising of
residues 23-34 and one 3-10 helix consisting 56-59
residues (Fig. 5A, sea green and light blue helices). The
most important feature of ubiquitin is its seven lysines
(K6, K11, K27, K29, K33, K48 and K63) which cover
all surfaces of ubiquitin and point into distinct
directions (Fig. 5A, brown ball & sticks). K6 and K11
are located in the most important region and may lead
towards conformational changes upon association with
ubiquitin binding domains (UBDs) (Fig. 5A). As K27 is
buried, linkage assembly through this residue would
require localized changes in ubiquitin conformation
(Geng et al., 2012). A hydrophobic surface comprising
Q2, F4, and T12 (F4 patch, Fig. 5A, yellow surface) is
obliged for cell division in yeast (Saccharomyces
cerevisiae) (Sloper-Mould et al., 2001). This F4 patch
interacts with the UBAN domain (Rahighi et al., 2009)
and the ubiquitin-specific protease (USP) domain of
deubiquitinating enzyme (DUBs) (Hu et al., 2002). In
higher eukaryotes, a 3D motif that includes T12, T14,
E34, K6, and K11 (TEK-box, Fig. 5A, orchid surface),
is necessitate for mitotic degradation (Jin et al., 2008).
A hydrophobic surface, centered on 136, L71 and L73
(136 patch, Fig. 5A, salmon surface) can facilitates
interactions between ubiquitin  molecules. It is
recognized by HECTE3s (Kamadurai et al., 2009),
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DUBs (Hu et al., 2002) and ubiquitin binding domains
(UBDs) (Reyes-Turcu et al., 2006). Ubiquitin consists
of hydrophobic surface, comprising of 144, L8, V70,
and H68 (144 patch, Fig. 5A, cyan surface) which is
bound by the most UBDs, rendering it vital for cell
division (Dikic et al., 2009; Sloper-Mould et al., 2001).
Further, the B1/B2 loop containing L8 shows flexibility
that is essential for recognition by ubiquitin-binding
proteins (Lange et al., 2008). The modeled structure of
Siu is explained in comparison with heu crystal
structure as displayed in Fig. 5B. Due to incomplete
sequence, the modeled Siu has missing 1 strand, lower
part of a-helix (al) and complete 3-10 helix (n1) (Fig.
5B).

DISCUSSION

Here we are describing the identification, purification
and secondary conformation of an ubiquitin protein
from seeds of S. irio. Isolated ubiquitin from S. irio has
a molecular mass of around 17 kDa as visualized on
SDS-PAGE (Fig. 1C, lane L1). Ubiquitins in plants
exist either as monoubiquitins or polyubiquitins. Most
of the ubiquitins have molecular masses in the range of
8.5 kDa and show similarities in their amino acid
sequences. Isoelectric pH (pl) of isolated ubiquitin by
isoelectric focusing experiment was found as 9.2 which
are very near to the theoretical pl of reported ubiquitins.
The amino acid sequence of S. irio ubiquitin was
obtained by LC-MS/MS which provided five peptide
fragments. Table 1 demonstrated the sequence
similarity of identified peptide fragments obtained from
LC-MS/MS analyzed by BLAST. Sequence similarity
search in UniProtkKB for individual peptides provided
more than 88 % sequence identity with Arabidopsis
thaliana polyubiquitin (Uniprot ID: Q39256.1) and
Caenorhabditis elegans (Uniprot ID: POCG71.1).
However, when these five peptide fragments were
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arranged according to the sequence numbering obtained
from the previously identified ubiquitin proteins, it
provides a combination of 57 amino acids sequence.
The combined sequence showed 77% identity with
Triticum aestivum (Uniprot ID: P69326.2) and Avena
sativa (Uniprot ID: P69310.1).

CD spectroscopy data of Siu indicated the presence of
both a-helix and B-sheet secondary structural elements
in the native fold but mostly it comprised of B-sheet and
random coils. The secondary structure estimation for
the whole protein Siu by CD spectroscopy and the
secondary structure prediction by Quick 2D for the
obtained sequence of Siu matches well with each other.
It also indicates secondary structure conservation within
the reported ubiquitins with more content of B-sheet
structure over a-helix. The obtained Siu sequence was
submitted to Quick 2D for the prediction of secondary
structural elements which showed [-sheet conformation
for amino acid sequence 2TITLEV?, 2°LIF? and
BTLHLVLR®. However, the peptide fragment
2TIDNVKAK? formed o-helix structure. Secondary
structural elements of Siu revealed that B2 contains
residues 12-17, al expresses 22-28 residues, B3 holds
43-46 amino acids, f4 comprises 48-49 residues, n2
encloses 56-60 amino acids, B5 constitutes 63-69 amino
acids. Different structural motifs like F4 patch, TEK
box, 136 patch and 144 patch are also available and
conserved in Siu (Fig. 5B).

DLS showed hydrodynamic radius 2.44 with 17 kDa
size of Siu protein was compared with the standard
hydrodynamic radius of globular proteins (Erickson,
2009) which might infers the existence of an open
conformation of either M1- or K63-linked diubiquitin
dimer in solution. Structural characterization of
different diubiquitin molecules revealed that different
linkages between monomers result in different chain
conformations; i.e., compact and open. In the common
model for K48-linked diubiquitin, the monomer chains
interact through their 144 patches, and two such
diubiquitins pack strongly in tetraubiquitin molecule
(Tenno et al., 2004; Eddins et al., 2007). These types of
association through K48-linked chains mostly adopt
compact conformations. Similar to K48 linkages, K6-
and Kll-linked diubiquitin  adopts  compact
conformations (Matsumoto et al., 2010; Bremm et al.,
2010; Virdee et al., 2010) while M1- and K63-linked
diubiquitin - mostly exhibits open conformations
(Komander et al., 2009; Weeks et al., 2009; Datta et al.,
2009).

In order to analyze the conserved features of the
ubiquitin sequence, a multiple sequence alignment of
the combined peptide sequence of S. irio sequence and
other homologous ubiquitins is performed (Fig. 2).
Multiple sequence alignment suggested that ubiquitin
proteins contain overall conserved sequences with very
few non-conserved amino acids. Siu sequence is also
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found well conserved among different ubiquitins with
conserved changes of A28 and A57 while non-
conserved changes K42, D49, and D62. A homology
model of the obtained sequence of Siu was constructed
and compared with human ubiquitin for different
structural features. Due to incomplete sequence, the
modeled Siu has missing Bl strand, lower part of a-
helix (al) and complete 3-10 helix (nl) while other
structural features are well conserved. The presence of
seven lysines is the most unique feature of ubiquitins as
already have been described and these lysines are very
actively involved in a variety of their functions. In
compliance to this, it is very interesting to note the
mutation at position 42 where arginine has been
replaced with another lysine, so altogether there has
been the presence of eight lysines in the fragmented
primary sequence of Siu. The presence of extra lysine
has really made the things interesting to know its role in
the interaction of Siu with other molecules. The
presence of more lysine/s in gap areas of Siu primary
sequence may also be possible. Similarly, the
replacement of two glutamines with negatively charged
aspartates is also point of consideration as it might
result in conformational change of Siu and ultimately
the corresponding function. These unique and typical
changes really are tempting towards the detailed
analysis of Siu molecular structure and also the
interaction mechanisms with other molecules. These
mutations may also be taken as an evidence of variation
among very conserve ubiquitin sequence and quite
possible that the discovery of more ubiquitins from
different organisms lead towards the sequence variety
and ultimate function diversity of these important
proteins. Hence, the crystallization attempts of this
protein are underway to solve the native three
dimensional structure of this important protein.
Conclusions

A 17 kDa ubiquitin was identified, characterized and
purified by LC-MS/MS and size-exclusion
chromatography from the seeds of S. irio. It shares
around 77% sequence identity with ubiquitin proteins
from Triticum aestivum, Avena sativa, Arabidopsis
thaliana and others. Secondary structure of Siu
consisted of about 6.5% a-helix, 39.3% B-sheet, 0.7%
turn, 53.5% random coil which indicates that it is rich
in B-sheet. Result of Multiple sequence alignment of 20
different ubiquitin sequences showed that ubiquitin
sequence is well conserved in nature with very few and
unique amino acids mutations (R42 by K42, Q49 and
Q62 by D49 and D62, respectively). Homology
modeling of Siu (11-28 and 42-76) residues suggested
the overall conserved secondary and tertiary structure
and other structural motifs.
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