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Halophiles-an introduction:

Halophiles are salt-loving organisms that inhabit hypersaline
environments. Halophiles are found in each of the three domains: Archaea,

Bacteria, and Eucarya (Oren, 2002a).

Among halophilic microorganisms are a variety of heterotrophic and
methanogenic archaea; photosynthetic, lithotrophic and heterotrophic bacteria;
and photosynthetic and heterotrophic eukaryotes. Halophiles are found
distributed all over the world in hyper saline environments, many in natural
hypersaline brines in arid, coastal and even deep sea locations as well as in
artificial salterns used to mine salts from the sea. Their novel characteristics
and capacity for large-scale culturing make halophiles potentially valuable for
biotechnology. Although salts are required for all life forms, halophiles are
distinguished by their requirement of hypersaline conditions for growth.
(DasSarma and Arora, 2001).

Categories of halophilic microorganisms (Kushner, 1985)

Category Salt concentration (M)
Range Optimum
Non-halophile 0-1.0 <0.2
Slight halophile 0.2-2.0 0.2-0.5
Moderate halophile 0.4-34 0.5-2.0
Borderline extreme halophile 1.4-4.0 2.0-3.0
Extreme halophile 2.0-5.2 >3.0
Halotolerant 0->1.0 <0.2
Haloversatile 0->3.0 0.2-0.5




Distribution of halophiles:

Halophiles and nonhalophilic relatives are often found together in the
phylogenetic tree, and many genera, families and orders have representatives
with greatly different salt requirement and tolerance. Within the small subunit
rRNA gene sequence-based tree of life we find three groups of prokaryotes that
are both phylogenetically and physiologically coherent and consist entirely or
almost entirely of halophiles. Within the Euryarchaeota we encounter the order
Halobacteriales with a single family, the Halobacteriaceae (Oren, 2006a). In
the  bacterial  kingdom, the family = Halomonadaceae  (class
Gammaproteobacteria, order Oceanospirillales) predominantly contains
halophiles (Arahal and Ventosa, 2006). Members of the Halobacteriaceae and
the Halomonadaceae are aerobic heterotrophs, some of which have a limited
potential for anaerobic growth. The third phylogenetically coherent group
contains the anaerobic fermentative bacteria of the order Halanaerobiales
(Firmicutes, families Halanaerobiaceae and Halobacteroidaceae) (Oren,
2006b).

Extremopbhiles, such as thermophilic or halophilic microorganisms, can
survive under conditions where most ‘“conventional” organisms cannot
(Madigan et al.,., 1999, Ventosa et al.,., 1998). Halophilic microorganisms
living in high-salt environments may be classified into extremely halophilic
archaea and moderately halophilic eubacteria (Kushner, 1985). Extremely
halophilic archaea, which are adapted to survive in environments with
extremely high concentrations of salt such as the Dead Sea, are unable to
survive and tend to lyse at salt concentrations below 2.5 M. Moderately
halophilic bacteria are defined as a group of microorganisms which show the
ability to grow over a wide range of salinities: optimally at 0.5~2.5 M, but
sometimes even up to close to saturated NaCl (Ventosa et al., 1998).
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The universal phylogenetic tree of life as based on small subunit rRNA gene
sequences, and the distribution of halophilic microorganisms within the tree.
Groups marked with boxes contain at least one halophilic representative (eg: the
Bacteroidetes, of which Salinibacter ruber is the sole halophilic member described to

date); others such as the Halobacteriale consist entirely of halophiles.

Kushner and Kamekura (1988) defined moderate halophiles as those
microorganisms that grow optimally at NaCl concentrations between 0.5 and
2.5 M. These bacteria have a specific requirement for Na* ions, which cannot
be replaced by other cations or nonionizable solutes. In hypersaline habitats
both heterotrophic and phototrophic moderately halophilic eubacteria have
been found. The first group is constituted by a large variety of bacteria,

including Gram-positive and Gram-negative species (Ventosa, 1988).

Halomonas:

The genus Halomonas includes straight or Gram negative rods that
require high NaCl for growth, motile or non-motile, catalase positive and
aerobic. They are highly versatile in terms of their ability to successfully grow
in a variety of temperature and pH conditions. This versatility led to
Halomonas species being used as a substitute for the utilization of the starch-
derived raw materials (Quillaguaman et al., 2005). Some of the fatty acids in



Halomonas species include C (18:1) omega7C, C (16:0) & C (19:0) cyclo
omega 8C. They are also traditionally extreme halophiles with full motile
capabilities because they are either polarly or laterally flagellated. Some
Halomonas species have been demonstrated to perform denitrification to gain

energy through the processing of nitrate to nitrogen.

The members of the genus Halomonas were usually found in water
sources with high salinity levels such as the Dead Sea and even the frigid
waters of Antarctica. They can also inhabit the deep sea sediment, deep sea
waters affected by hydrothermal plumes and hydrothermal vent fluids
(Okamoto et al., 2004).

Halomonas eurihalina (Volcaniella eurihalina):

Halomonas eurihalina is a moderate halophile belonging to the family
Halomonadaceae which belongs to y-class of Proteobacteria. Volcaniella,
named for B. Elazari-Volcani, the microbiologist who first described halophilic
microorganisms from the Dead Sea. It was proposed by Franzmann et al.,
(Franzmann et al., 1988) based on the results obtained with 16S rDNA
cataloguing technique to accommodate the moderately halophilic and marine

bacteria of the genera Halomonas and Deleya.

More recently, a study based on the comparison of 16S rDNA
sequences from several moderately halophilic bacteria concluded that
Volcaniella eurihalina should be reclassified as Halomonas eurihalina
(Mellado et al., 1995).

The organisms are nonmotile, Gram-negative short rods that are
oxidase negative; they are aerobic with a strictly respiratory type of
metabolism; they are moderate halophiles, optimal growth occurs at a total salt
concentration of 7.5% (wt/vol), and they exhibit a strongly euryhaline
character; and they have a specific requirement for Na ions (sodium can be



supplied as NaCl, Na,SO4, or NaBr). The minimum NaCl concentration
required is 1.5% (wt/vol). The guanine-plus-cytosine content of the DNA is
59.1 to 65.7 mol%. This organism was isolated from hypersaline habitats,
including saline soils and salt ponds, and from seawater (Quesada et al., 1990).

They show cream pigmentation. They are negative for acid production
from arabinose, glucose, lactose, trehalose and mannitol. These organisms
show hydrolysis of gelatin, esculin, tween80, DNA but not casein and starch.
They are positive for H,S production and phosphatase production. They show
nitrate reduction but not nitrite reduction. Organic osmotic solutes such as
glycine betaine, ectoine, glutamate are present within these bacteria.
Halomonas eurihalina F2-7 produces large amounts of an extracellular
polyanionic polysaccharide (Quesada et al., 1993). The polymer, consisting of
42% carbohydrates (mostly hexoses) and 15% protein, is a potent emulsifying
agent, exhibiting pseudoplastic behavior. It forms gels of high viscosity at acid
pH. In view of these properties, the polysaccharide (EPS V2-7) may find broad
applications in pharmaceuticals, in the food industry, and in biodegradation
processes (Calvo et al., 1995). Having a high content in sulfate groups, this
polysaccharide was shown to have remarkable in vitro immunomodulating
activity, enhancing the proliferative effect of human lymphocytes as a response
to the presence of the anti-CD3 monoclonal antibody in blood (Pérez et al.,
1997).

Adaptations to high and changing salt concentrations:

High osmolarity in hypersaline conditions can be deleterious to cells
since water is lost to the external medium until osmotic equilibrium is achieved
(Galinski, 1993). To be able to live at high salt concentrations, halophilic and
halotolerant microorganisms must maintain a cytoplasm that is osmotically
isotonic with the outside medium. Two different strategies have been used to
achieve this osmotic equilibrium. The first involves accumulation of molar

concentrations of KCI. This strategy requires adaptation of the intracellular



enzymatic machinery, as proteins should maintain their proper conformation
and activity at near-saturating salt concentrations. The proteome of such
organisms is highly acidic, and most proteins denature when suspended in low
salt. Such microorganisms generally cannot survive in low salt media. The
second strategy is to exclude salt from the cytoplasm and to synthesize and/or
accumulate organic ‘compatible’ solutes that do not interfere with enzymatic
activity. Few adaptations of the cells' proteome are needed and organisms
using the 'organic-solutes-in strategy' often adapt to a surprisingly broad salt
concentration range. Most halophilic bacteria, but also the halophilic

methanogenic archaea use such organic solutes (Oren, 2008).

Compatible solutes are polar, highly soluble molecules, most of them
being either uncharged or zwitterionic at physiological pH (Reed, 1986). They
belong to several categories: Polyols (glycerol, arabitol, mannitol, erythritol),
sugars (sucrose, trehalose) and heterosides (glucosylglycerol), Betaines
(trimethylammonium  compounds) and  thetines  (dimethylsulfonium
compounds), Amino acids (proline, glutamate, glutamine and derivatives),
Glutamine amide derivatives (No-carbamoylglutamine amide; Na-acetyl-
glutaminylglutamine amide), N-acetylated diamino acids (No-acetylornithine,
Ne-acetyllysine), Ectoines (ectoine, B-hydroxyectoine) (Oren, 2002b).

The 'high-salt-in strategy' is not limited to the Halobacteriaceae. The
Halanaerobiales (Firmicutes) also accumulate salt rather than organic solutes.

A third, phylogenetically unrelated organism accumulates KCI (Oren, 2008).

Biomolecule profile of halophiles:

Research into the physiology and biochemistry of the extreme
halophiles has revealed that their basic life processes are similar to those of
non-halophilic bacteria except for a salt requirement (Flannery, 1956; Brown,
1964, 1976; Larsen, 1967; Kushner, 1968, 1971; Lanyi, 1974).



Halophiles produce a large variety of stable and unique biomolecules
that may be useful for practical applications. Pigmented halophilic archaea and
micro-algae absorb light-energy in saltern ponds, thereby raising the water
temperature, increasing the rate of evaporation and hastening the deposition of
salt. Halophiles posses many hydrolytic enzymes such as DNases, lipases,
amylases, gelatinases and proteases capable of functioning under conditions
that lead to precipitation or denaturation of most proteins. Halophilic proteins
compete effectively with salts for hydration, a property that may result in
resistance to other low water activity such as in the presence of organic
solvents. Some of the commercial applications include use of beta carotene as
health food additive isolated from carotenoid rich Dunaliella strains (Ben-
Amotz and Avron, 1989) and use of ectoine from moderately halophilic
bacteria as enzyme protectant and as a moisturizer in the cosmetic industry
(Galinski and Louis, 1999).

Proteins of halobacteria are either resistant to high salt concentrations
or require salts for activity. As a group, they contain an excess ratio of acidic to
basic amino acids, a feature likely to be required for activity at high salinity.
This characteristic is shared with proteins from some halophilic bacteria.
Surface negative charges are thought to be important for solvation of halophilic
proteins, and to prevent the denaturation, aggregation and precipitation that
usually results when nonhalophilic proteins are exposed to high salt
concentrations. Halobacteria produce large quantities of red-orange
carotenoids. Carotenoids have been shown to be necessary for stimulating an
active photo repair system for repair of thymine dimers resulting from
ultraviolet radiation. The most abundant carotenoids are C-50 bacterioruberins,
although smaller amounts of biosynthetic intermediates such as 3-carotene and
lycopene are also present. Retinal is produced by oxidative cleavage of -
carotene, a step that requires molecular oxygen. Several retinal proteins, in
addition to bacteriorhodopsin, are also produced by halobacteria, including
halorhodopsin, which is an inwardly directed light-driven chloride pump, and
two sensory rhodopsins, which mediate the photo tactic response (swimming



towards green light and away from blue and ultraviolet light) (DasSarma and
Arora, 2001).

Perhaps a better illustration of the extent of biochemical adaptation to
high ionic concentrations is the protein synthesis system. Such a system is
composed of an organelle, the ribosome, and a multitude of enzymes, co-
factors, and RNA molecules. The effect of salts on the function of proteins is
important and also on protein-protein, protein-RNA, and RNA-RNA

interactions.

Ribosomes:

Ribosomes are cytoplasmic organelles composed of RNA and protein
and are sites of protein synthesis found in all living cells. Ribosomes were first
described as small particulate components of the cytoplasm by Palade (Palade,
1955). Upon isolation, they were shown to contain 60% ribosomal RNA
(rRNA) and 40% protein. Ribosomes from eubacteria, archaea and eukaryotes
morphologically and biochemically differ although they perform same function
(Lake et al., 1982, Lake, 1983). Ribosomes from eubacteria and archaea are of
70 S type and those from eukaryotes are of 80 S type. Ribosomes are also
found in the mitochondria and chloroplasts of eukaryotic cells. They are always
smaller than the 80 S cytoplasmic ribosomes, and are comparable to
prokaryotic ribosomes in both size and sensitivity to antibiotics, although the
sedimentation values vary somewhat in different phyla. The genetic code is the
same in all living organisms with some exceptions in case of some codons (eg:
mitochondria, Mycoplasma etc.) and it has been demonstrated that eukaryotic
ribosomes are able to translate bacterial mMRNAs correctly.

Eukaryotic ribosomes are much larger than prokaryotic ones and have
more number of proteins which are different from prokaryotes. Mitochondrial
and chloroplast ribosomes resemble those in bacteria. In summary, there is

little structural but considerably functional homology between prokaryotic and



eukaryotic ribosomes. Several studies on archaeal ribosomes particularly
ribosomes from thermophilic and methanogenic archaea indicated close
similarity of these archaeal ribosomal protein to eukaryotic ribosomal protein
(Hill et al., 1990). Cells devote considerable effort to the production of these
essential organelles. For example, an E. coli cell contains approximately
15,000 ribosomes, each one with a molecular weight of about three million
Daltons. Ribosomes therefore represent 25% of the total mass of these bacterial

cells.

Structure:

Ribosomes are tiny particles, about 200A° and are composed of both
proteins and RNA,; in fact it has approximately 37-62% RNA, and the rest are
made up of proteins. The ribosomal RNA (rRNA) in eukaryotes, is produced in
the nucleolus, a prominent globular structure in the nucleus. Thus, the proteins
are gene products of themselves, and one ribosome is made up of dozens of
genes. Eukaryotic ribosomes fall into two categories; those that are free in
cytoplasm and those that are bound to endoplasmic reticulum. The two kinds of
ribosomes play similar roles in translating mRNA to produce proteins. The
ribosomes in the cytoplasm synthesize non-secretory proteins, while the bound
ribosomes are involved in the synthesis of secretory proteins.

Lake’s view:

Ribosomes from organisms within eubacteria, archaeabacteria and
eukaryotic lineages, each have different three-dimensional structures. Sulfur
dependent archaeal ribosomes are structurally different from the ribosomes
found in eubacteria, eukaryotes and other archaea and constitute a fourth type
of ribosome structure (Lake et al., 1982, 1984).

All the four-ribosome types share a common structural core; in addition
all show their own independent structures (Lake et al., 1982, 1983). The top of



the small subunit is called head and the bottom is called the base. Platform
protrudes from the base to the right, which is separated from the head by the
Cleft.

Small subunits from archaea, sulfur dependent archaea and eukaryotes
contain a structure that resembles a duckbill, the archaeal bill. Only a small bill
is present in eubacterial ribosomes. It extends from the head of the subunit and
estimated to be of size with that of L7/L12 stalk of bacteria. This bill may have

a function in factor related steps, as it is located near factor binding sites.

Bacterial 50 S subunit shows a large projection in the center, known as
central protuberance. The long projections on the right and left are called stalk
and ridge respectively. The space between the ridge and the central
protuberance is called the valley. When the 30 S and 50 S subunits nestle
together, the 30 S platform extends into the valley of the 50 S subunit.

In prokaryotes, the 70 S ribosomes dissociate into large subunit i.e., 50
S and small subunit i.e., 30 S. The 50 S has two types of rRNA-a23Sandab
S. It also has 32 different proteins. It has a particle weight of 1.65x10° Da. On
the other hand; the 30 S contains a single 16 S rRNA plus, 21 different types of
proteins and has a particle weight of 0.9x10° Da. Eukaryotes have 80 S
ribosomes with 60 S and 40 S subunits. Most of the ribosomal proteins
(prokaryotic and eukaryotic) in both the subunits are basic proteins except a
few (examples: S1, S6, L7/L12) are acidic proteins (Subramanian, 1980).
Ribosomes from halophilic archaea contain more number of acidic proteins
(Bayley, 1966a), whereas methanogenic archaea also contain acidic proteins
but less acidic compared to halophiles. The ribosomes of sulfur dependent
bacteria contain more number of basic proteins. All the proteins can be
separated by 2D-gel electrophoresis into distinct spots.

The essentially complete atomic structures of an archaeal 50 S subunit
from Haloarcula marismortui at 2.4 A° resolution (Ban et al., 2000) and a
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bacterial 30 S subunit from Thermus thermophilus at 3.3 A° resolution
(Schluenzen et al., 2000) and at 3.05 A° (Wimberly et al., 2000) published in
2000 were the basis for the phasing and/or molecular interpretation of every
subsequent structure of the ribosome or its subunits. Such structures include
low-resolution structures of the Thermus thermophilus 70 S ribosome at 5.5 A°
resolution by crystallography (Yusupov et al., 2001) or cryoelectron
microscopy (Gao et al., 2003), the structure of a bacterial 50 S subunit at 3.1
AP resolution from Deinococcus radiodurans (Harms et al., 2001) and more
recent high-resolution structures of the 70 S ribosomes (Schuwirth et al., 2005;
Selmer et al., 2006;). Finally, mobile elements of the 50 S subunit such as the
L1 or L7/L12 stalks that are partly or completely disordered in most high-
resolution structures of the ribosome or the 50 S subunit have been solved in
isolation (Nikulin et al., 2003; Diaconu et al., 2005;). In addition to structural
studies, increasingly sophisticated biochemical methods such as single-
molecule studies will help to dissect the various steps of complicated
processes.

Halophilic ribosomes:

The basic structure and functioning of the halophilic protein synthesis
system closely resembles that of the non-halophiles (Bayley, 1976). The
complete ribosome is a 70 S particle consisting of a 50 S subunit and a 30 S
subunit (Bayley and Kushner, 1964). The 50 S subunit contains a23 Sand 5 S
RNA molecules and the 30 S subunit contains a 16 S molecule (Visentin et al.,
1972). The ribosome is composed of 60% RNA and 40% protein, and has a
Mg?*/phosphorous molar ratio of 0.3. The number of proteins in each subunit is
also the same as the non-halophile, E. coli, with 34 proteins in the 50 S subunit
and 21 proteins in the 30 S subunit (Storm and Visentin, 1973).

The difference between halophilic and non-halophilic ribosomes was

first shown by Bayley and Kushner’s (1964) demonstration that the halophilic
ribosomes required high (3-4 M) KCI concentrations to remain in the
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associated (monomer) form. In 2 M NaCl or KCI, the ribosomes of non-
halophiles lose not only their monomer association but also their structure. The
ribosomes of the extreme halophiles lost their structure when placed under
conditions which favor the stability of non-halophilic ribosomes (Bayley and
Kushner, 1964; Bayley, 1966a, 1966b; Visentin et al., 1972). Bayley and
Griffiths (1968a) showed that the entire system necessary for in vitro protein
synthesis required 3.8 M KCI, 1 M NacCl, 0.4 M NH,CI and 0.04 M MgCl; for
optimum incorporation of amino acids. A similar system from the non
halophile, E. coli, has an optimum salt concentration of 0.16 M KCI or NH4Cl
and 7-15mM MgCl; (Conway, 1964). The amino acyl synthetases of the
halophile require 3.8 M KCI for activity (Griffiths and Bayley, 1969).

Since the difference between the halophilic and non-halophilic protein
synthesizing system is not at the gross structural level, nor is it in the
mechanism in which the protein synthesis occurs (Bayley, 1976), the difference
probably occurs in the protein and RNA components of the system. The
ribosomal RNA (rRNA) of the halophilic ribosomes showed no unusual
properties. The C+G content is only slightly higher than that of the non-
halophile, E. coli (Visentin et al., 1972). However, distinct differences in the
ribosomal proteins of halophiles and non-halophiles were shown. Bayley and
Kushner (1964) observed that the ribosomal proteins released from the
ribosomes suspended in low K" concentrations were acidic. These proteins
could also be reassociated on the ribosomes by restoring the KCI concentration
(Bayley, 1966b). Bayley (1966a) investigated this further and found that most
of the ribosomal proteins were acidic, having isoelectric point around 3.9. The
base/acid amino acid ratio of total ribosomal proteins was 0.49, which is far
below that of E. coli ribosomal proteins (0.99). Visentin et al., (1972)
selectively removed the ribosomal proteins from H. cutirubrum ribosomes with
different salt washings and found that the more basic proteins were more
difficult to remove. The ribosomal proteins first removed by low K
presumably contain the external proteins, those on the surface, which encounter
the high ionic environment. This protein fraction is also the most acidic.
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However, Falkenberg et al., (1976) showed that the ribosomal proteins
from a moderate halophile are slightly more acidic than those of E. coli but
much less acidic than those from the extreme halophile, H. cutirubrum as
judged by their electrophoretic mobility on polyacrylamide gels and their
amino acid composition. The electrophoretic profile on polyacrylamide gels of
the ribosomes from moderate halophile is similar whether the cells are grown
in 0.5M NaCl or 4.25 M NacCl.

Storm and Visentin (1973) developed a procedure for the simultaneous
separation and identification of the halophilic ribosomal proteins. Using this
procedure, Storm et al., (1975) studied effects of ions on protein-RNA
interactions of the 50 S subunit. They postulated that the ribosomal proteins of
the extreme halophiles are significantly different from those of the non-
halophiles, but retain certain conserved portions that may be important for their
functions in protein synthesis and/or in the interaction with the rRNA. Studies
on the sequence homologies between purified H. cutirubrum ribosomal
proteins and equivalent ribosomal proteins from other species of bacteria have
been performed (Chow et al., 1972; Yaguchi et al., 1973; Visentin et al., 1974;
Oda et al., 1974; Duggleby et al., 1975).

Ribosomal subunit association:

The primary events of initiation of protein synthesis in prokaryotes are
the dissociation of the 70 S ribosomes into subunits and the formation of the
pre initiation complex with the 30 S ribosomal subunit, fMet tRNA and
mRNA. This 30 S initiation complex reassociates with 50 S subunit to yield
activated ribosomes. Repeated association and dissociation of the ribosomal
particles is essential in the living cell. In in vitro, variety of factors such as
monovalent and divalent cations, polyamines, antibiotics and nonionic
detergents affects the association of ribosomal subunits. The magnesium ion
dependent association reaction obeys a true equilibrium as shown by Zitomer
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and Flaks (1972) in case of E. coli ribosomes. Ribosomal subunit association
studies have established the role of ribosomal subunits in the initiation of
protein synthesis (Nomura et al., 1967; Guthrie et al., 1968; Ghosh and
Khorana et al., 1967; and several others).

However, an alternative pathway for translation initiation on leaderless
mRNAs with 70 S ribosomes has been put forwarded by Balakin et al.,
(1992a). They have shown that 70 S ribosomes form a translation initiation
complex at the 5° terminal start codon of leaderless A cIl mMRNA. Moll et al.,
(2004) have demonstrated the proficiency of dedicated 70 S ribosomes in in
vitro translation of leaderless mRNAs and also that a natural leaderless mMRNA
can be translated with cross linked 70 S wild-type ribosomes.

Goss and Harrigan (1986) in their studies have found that spermidine in
low concentrations reduces the aggregation of ribosomes. Spermidine is a
powerful promoter of subunit association (Gorisch et al., 1976). Polyamines
cannot be substituted entirely for Mg** (Weiss and Morris, 1970 and 1973).
Introduction of 1 mM spermidine results in three-fold fall of the need of Mg
for half association. In E. coli, initiation factor IF3, serves as an allosteric
effector to regulate the subunit equilibrium (Goss et al., 1980). Rabbit
reticulocyte initiation factor elF3 and wheat germ initiation factor elF6, both
have been reported to have ribosomal dissociation activity. The incubation of
ribosomal subunits with IF3 reduced the Mg?* induced association rate by a
factor of five. Ribosomal subunit association was studied using static
techniques such as ultra centrifugation (Noll and Noll, 1976) and light
scattering experiments (Zitomer and Flaks, 1972).

Role of polyamines:

The naturally occurring polyamines such as spermine, spermidine and

putrescine stabilize the secondary structure of RNA against thermal
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denaturation. Polyamines stimulate the polypeptide synthesis (Watanabe et al.,
1981; Igarashi et al., 1974, 1982).

Polyamines also stimulate the assembly of 30 S subunit (Echandi et al.,
1975; lgarashi et al., 1979) and increase the fidelity of protein synthesis (Ito
and Igarashi, 1986). Polyamines cause a structural change of relatively unstable
double stranded rRNA. Spermidine was found to stimulate Met-tRNA binding
to 40 S ribosomal subunits. Igarashi et al., (1982) have reported that
polypeptide synthetic activity of 30 S ribosomal subunits prepared in the
presence of spermidine was at least 4 times greater than that of subunits
prepared in its absence. Polyamines influence the various stages of protein
synthesis by influencing the secondary structures of mMRNA, tRNA and rRNA.
Some polyamines like putrescine even act as inhibitors of protein synthesis
(Cammarano et al., 1982; Friedman and Oshima, 1989).

Polyamines have a stimulatory effect and can increase the maximal rate
of protein synthesis with an optimal concentration of magnesium. Lowering of
optimum concentration of magnesium required, for in vitro protein synthesis
and aminoacylation in a cell free system of Bacillus, in the presence of
spermine has been reported by Takeda et al., (1969a and b). Friedman (1985)
demonstrated that addition of 3 mM spermine results in extensive association
of ribosomal subunits at lower magnesium concentrations and showed that
polypeptide-synthesizing activity was four fold more in the presence of 10 mM
Mg?* and 3 mM spermine than in the presence of only Mg (30 mM).

Effect of RNase A on the structure of ribosomes:
Pancreatic RNase is an endonuclease. It specifically hydrolyses RNA
after C and U residues and produces mono and or oligonucleotides terminating

with pyrimidine nucleoside 3" P. It is active under wide range of reaction

conditions and stable even at boiling temperatures. RNase disrupts the 3
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dimensional structure of the ribosome. The enzymatic degradation of RNA in
the ribosomes has proved to be an important approach to the elucidation of
ribosomal structure. Tal (1969) used RNase degradation of ribosomes and the
hyper chromic effect obtained by heating a ribosomal suspension as a measure
to study the stability of ribosomes. Santer and Smith (1966) have reported the
mild digestion of E. coli ribosomes with pancreatic RNase A. The nuclease-
digested ribosomes were almost inactive in protein synthesis (Cahn, 1970).
Delihas (1970) has studied the effect of ribonuclease action on E. coli

ribosomes.

Removal of Mg®* from the ribosomes by EDTA greatly increases the
sensitivity of their rRNA to ribonuclease (Pinder and Gratzer, 1972). Ghysen
(1970) have reported that ribosomal stability and conformation is dependent on
the monovalent to divalent cation concentrations. The RNase A enzyme
activity is inhibited by low concentrations of polyamines and this activity can
be reversed by the higher concentrations of polyamines.

The extent of degradation of RNA in situ depends in general on the
physicochemical state of the particle, as determined by the composition of the
incubation medium, where the presence of magnesium ions has a critical role
(Cox, 1969).

Effect of various agents on the stability and conformation of ribosomes:

Both mono and divalent cations are effective in stabilizing the RNA
structure. Magnesium associates with the folded form of RNA in both site
specific and delocalized, nonspecific manner (Laing et al., 1994). Magnesium
binds to RNA 50-fold more tightly than the other alkaline earth metal ions
under the same conditions (Burkhman and Draper, 1997).

Magnesium promotes folding of RNA into compact structure and
results in protein binding (Xing et al., 1996). Divalent cations like magnesium
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effectively reduce the repulsions and stabilize the folded structure of the most
RNA molecules. Thus, magnesium binding is strongly coupled to tertiary
structure formation of the most RNAs and favors the folding reaction (Misra et
al., 1998). Ammonium ion is more effective than K* in stabilizing the tertiary
structure of rRNA as it has the ability to stabilize the RNA by forming four
hydrogen bonds (Wang et al., 1993; Lu and Draper, 1994).

Studies based on differential scanning micro calorimetry and dielectric
spectroscopy by Blasi et al., (2000) suggested that RNA structural domains
exposed to the solvent play a fundamental role in the stability of the 3D

structure of the ribosomal particle.

EtBr is a phenanthridine dye that specifically binds with nucleic acids.
The binding of dyes to nucleic acids depends on the conformation of the
nucleic acid. EtBr binds with the double stranded regions of the rRNA in the
ribosome. Using RNase | as a probe, Suryanarayana and Burma (1975) have
studied effect of intercalating agents like EtBr and acridine orange on the
conformation of the ribosomes and showed that these agents unfold the
ribosome structure. Similar unfolding effect was seen by thiol reacting reagents
(Suryanarayana, 1998), whereas polyamines tighten the structure of ribosome
as indicated by RNase | sensitivity (Suryanarayana and Datta, 1978). The
assembly of 30 S ribosomal subunit was never complete with the 16 S rRNA,
when it was treated with EtBr due to alterations in the structure of rRNA
(Bollen et al., 1970).

Growth cycle coupled variation of ribosomes:

During the growth transition of bacteria from exponential to stationary
phase, the expression of growth-related changes is mostly turned off and
instead a set of genes required for stationary-phase survival is switched on
(Hengge-Arions, 1993; Ishihama, 1997; Ishihama, 1999;). For this drastic
change in gene expression pattern, structural and functional modulations take
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place on both transcriptional and translational apparatuses (Ishihama, 1997;
Ishihnama, 1999). Growth phase coupled variation of ribosomal profile is
reported in E. coli by Wada et al., (2000). They observed that ribosomal
modulation factor (RMF), a small basic protein, expresses transcriptionally in
the stationary phase of Escherichia coli cells and binds to 50 S ribosomal
subunits. The RMF bound 70 S ribosomes dimerize to form 100 S particles that

have no translational activity (Wada, 1998).

Ribosomal protein S1:

Initially, S1 was found as a component of E. coli 30 S ribosomal
subunit (Kurland et al., 1969; Nomura et al., 1969; Traut et al., 1969;
Kaltschmidt and Wittmann, 1970). Subsequently it has been established that S1
is a component of 70 S ribosome performing essential function in protein
synthesis (Van Knippenberg et al., 1974; Van Duin and Van Knippenberg,
1974; Suryanarayana and Subramanian, 1983). The S1 protein has been
independently isolated as i (interference) factor (Groner et al., 1972a) and
subunit I or o of QP replicase (Kamen et al., 1972; Groner et al., 1972 b). The i
factor was shown to inhibit translation of synthetic and natural mMRNA (Groner
et al., 1972 c; Miller et al., 1974b). Subunit | prepared from QP replicase, i
factor isolated from 1 M NH,CI ribosomal wash, and S1 prepared from 30 S
particles were shown to be identical (Wahba et al., 1974; Inouye et al., 1974).

Purification of S1:

Protein S1 as an interference factor was purified from high salt
ribosomal wash (Groner et al., 1972a, b; Miller et al., 1974a; Jay and
Kaempfer, 1974 & 1975). Tal et al., (1972) isolated S1 by exposing the 70 S
ribosomes to low ionic strength buffers. S1 was selectively removed from the
30 S subunit at 1 mM concentration of Tris buffer. Protein S1 was also purified
directly from the nucleic acid free crude cell extracts by poly (C)-cellulose

chromatography (Carmichael, 1975). Suryanarayana and Subramanian (1979
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& 1983) purified S1 in high yield by affinity chromatography of ribosomes on
poly (U)-sepharose.

Physical properties of S1:

The physical constants of S1 have been determined in several
laboratories (Subramanian, 1984). S1 is the largest (Mr 61,159) and the longest
(23 nm) of all the ribosomal proteins. Its large radius of gyration (7 nm) and
intrinsic viscosity (9.8 ml g) as well as low sedimentation coefficient (3.2 S)
and diffusion constant (4.5 x 107 Cm® S™) indicated a very asymmetric
elongated shape (Giri and Subramanian, 1977). Small angle X-ray scattering
analysis revealed that protein S1 in solution behaves like a rod shaped
molecule (Laughrea and Moore, 1977; Labischinski and Subramanian, 1979).
The iso-electric point (pl) of the protein is 4.5. S1 shows anomalously low
electrophoretic mobility (Subramanian, 1983). Wittmann (1974) showed that
the molecular weight of S1 from small subunit of the Escherichia coli 70 S
ribosome is 68 kDa. (Wittmann, 1974). It is interesting that that S1 (23 nm) is
slightly longer than the biggest dimension of the ribosome (22 nm), which may
be important in the function of the protein.

Primary structure of S1:

The structural gene of S1 (rps A) has been mapped at 20 min on the E.
coli K-12 chromosome (Ono et al., 1979). Kitakawa et al., (1980) isolated
transducing A phage carrying rps A. Both, amino acid sequencing of the protein
S1 from E. coli strain MRE 600 is a single chain of 557 amino acid residues.
Interaction of S1 with 30 S ribosomal subunit:

S1 is loosely associated with the 30 S subunit. It is partially lost from

the ribosomes during the isolation procedures. Furthermore, S1 dissociates
from 30 S at 1 mM Tris concentration (Tal et al., 1972). S1 binds to 30 S
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subunit mostly through protein-protein interactions (Boni et al., 1982). Protein
S1 binding site on the ribosome is reported to be near the proteins S2, S10 and
S18 (Boliaeu et al., 1981). S1 can bind to 30 S subunits subjected to mild
nucleolytic cleavage but not to 30 S subunits subjected to mild proteolysis
indicating that S1 binds to ribosome through protein-protein interactions (Boni
et al., 1982). It has been suggested that a pyrimidine rich region upstream of
the Shine-Dalgarno (SD) sequence of mRNA interacts with protein S1 and
serves as one of the ribosome recognition sites (Boni et al., 1991). Protein S1
has been reported to be necessary for translation initiation (Suryanarayana and
Subramanian, 1983; Tzareva et al., 1994) and also for translation elongation
(Potapov and Subramanian, 1992).

S1-like proteins in other organisms:

Sl-like protein is not present in ribosomes from Bacillus
stearothermophilus (Isono and Isono, 1976). Bacillus subtilis also does not
have a protein showing structural homology with E. coli S1 (Higo et al., 1982).
Muralikrishna and Suryanarayana (1985) made comparison of several Gram-
negative bacteria and Gram-positive eubacteria for the presence of S1 using
several criteria. They observed that most Gram-negative bacteria (all
enterobacteria) contained protein S1 while most Gram-positive tested with the
exception of Micrococcus luteus did not contain protein S1. Yamada (1982)
isolated a ribosomal protein from Mycobacterium smegmatis which binds to
poly (U). However, this protein was found to be non homologous to E. coli
protein S1 either immunologically or functionally. Schneir and Faist (1985)
compared the structural gene rps A coding for protein S1 and its preceding
regulatory region (having four promoters) from E. coli with other bacterial
species using southern blotting. Their results indicated high degree of
homology in S1 structural genes of E. coli and other Gram-negative but not
Gram-positive bacteria.
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Muralikrishna and Suryanarayana (1987a, b) purified S1 from Gram-
negative nitrogen fixing bacterium Azotobacter vinelandii (Av-S1) and Gram-
positve Micrococcus luteus (MI-S1) by employing poly (U)-sepharose
chromatography. Hahn et al., (1988) identified S1- like protein in spinach
chloroplast ribosomes by means of immunoblotting technique. Ravi and
Suryanarayana (1994) have isolated S1 like protein from the ribosomes of
thermophilic and halophilic archaea. This study indicated differential
conservation of structural domain of S1 in archaea. Protein S1 is from Thermus
thermophilus is detected, identified and overproduced in E. coli (Shiryaev et
al., 2002).

S1 in bacteria and translation specificity:

Stallcup et al., (1974 & 1976) have reported that ribosomes from Gram-
positive bacteria could not translate mMRNA from Gram-negative bacteria while
the ribosomes from Gram-negative bacteria translated mMRNA from both types
of bacteria. This difference in translation has been attributed to the weak Shine-
Dalgarno interaction operating between Gram-positive ribosomes and Gram-
negative messenger RNA (McLaughin et al., 1981a, b; Murray and
Rabinowitz, 1982). The Gram-positive appear to possess strong Shine-
Dalgarno regions. Higo et al., (1982) suggested that the absence of S1 from
bacterial ribosomes may account for species-specific translation.

Roberts and Rabinowitz (1989) studied translation activity of E. coli S1
on B. subtilis ribosomes. S1 is active on B. subtilis ribosomes in translation of
poly (U) but that is unable to overcome the characteristic inability to translate
E. coli mRNA. The removal of S1 from E. coli ribosomes causes them to
become translationally specific to preferentially translate messengers having
strong SD regions. In summary there appears to be an evolutionary correlation
between the presence of S1, the type of Shine and Dalgarno sequence on
mMRNA and the translational specificity exhibited by bacteria (Roberts and
Rabinowitz, 1989). Detailed analysis on the occurrence of S1 in Gram-positive
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bacteria by Rabinowitz and co-workers had led them to suggest that,
translational specificity of the ribosomes from Gram-positive bacteria is
correlated with low genomic G+C content and lack of ribosomal protein S1.
The Gram-positive organisms with high G+C content have S1-like proteins on
their ribosomes and are translationally non-specific (Farwell and Rabinowitz,
1991). Balakin et al., (1992b) showed that the mRNA with an extended Shine-
Dalgarno sequence is translated independent of S1.
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Scope and objectives of the present investigation

Till date, extensive work has been carried out on ribosomes of
mesophiles, extreme halophiles and extreme thermophiles. On perusal of
literature it was understood that in spite of the availability of large amount of
data on ribosomes among all three domains of life, namely Archaea,
Prokaryotes and Eukaryotes, ribosomes from moderate halophiles were poorly
characterized. Hence, Characterization of ribosomes from moderate
halophile, Halomonas eurihalina was chosen as the main objective for the

present study.

H. eurihalina was chosen as the model organism by virtue of its strong
euryhaline nature which allows the strain to grow in a wide range of salt
concentrations varying from moderate to extreme halophilic conditions. Thus
allowing us to study the variation of ribosomes, if any, depending on the salt
concentration. Present study deals with the characterization of ribosomes from

moderate halophile, H. eurihalina.

In the present investigation studies were carried out on growth cycle
and growth media dependent variation of ribosomal proteins and their
comparison with ribosomal proteins from mesophiles. There are no reports
available on the growth cycle coupled variation of ribosomes in moderate
halophiles. Our studies showed that some proteins were missing in stationary
phase and many proteins decreased in concentration where as few proteins
showed increase. These studies on growth cycle coupled variation of
ribosomes, might provide an insight into the translation regulation in stationary
phase growth of moderate halophiles.

Effect of magnesium ion concentration on moderately halophilic
ribosomal subunit dissociation was studied using several methods. These
studies showed that magnesium ion dependent ribosomal subunit dissociation

is absent in H. eurihalina.
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The structural studies of ribosomes in terms of RNase A sensitivity
under different experimental conditions and comparison with mesophilic
ribosomes were carried out. The stability of ribosomes to protein unfolding
reagents was studied using urea. Studies indicated that ribosomes of moderate
halophile are structurally more compact and showed much more resistance to
different treatments. These studies also showed that logarithmic phase
ribosomes are more stable in comparison to stationary phase ribosomes. These
studies help in understanding the stability of moderately halophilic ribosomes

under different environmental stress conditions.

We also extended our studies to carry out proteomic studies of H.
eurihalina ribosomes by identifying many of the ribosomal proteins by
MALDI-TOF MS analyses. These studies showed that majority of the
ribosomal proteins of moderate halophile are homologous to ribosomal
proteins of gram positive and gram negative eubacteria and none of them were
found to be homologous to ribosomal proteins of extreme halophilic archaea. It
was also found that S3 is homologous to Euryarchaeota members. Relatedness
of ribosomal proteins of H. eurihalina was compared to ribosomal proteins
from other domains of life by multiple sequence alignment. These studies
showed that the peptides identified in H. eurihalina are highly conserved
among other bacterial ribosomal proteins. These studies provided identity of
the ribosomal proteins showing growth cycle coupled variation and thus their
role can be understood. This information may provide valuable information on
the variations in the stability of logarithmic and stationary phase ribosomes.
These studies may also provide useful information on the phylogenetic
relatedness of H. eurihalina to organisms from other domains of life.

Homolog of ribosomal protein S1 was partially purified by poly (U)
affinity chromatography and identified by MALDI-TOF MS analyses. During
our studies on S1, we have observed the presence of two low molecular weight,
strong poly (U) binding proteins in S-100 and they were identified as cold

shock proteins.
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Materials:

N,N’-Methylene bis acrylamide was obtained from Merck chemical
company, Germany. Acrylamide, Glycine, Urea were obtained from Merck
(India) chemical company, Mumbai. Tris, Bis-Tris, Spermidine
trihydrochloride were obtained from USB chemicals, USA. SDS was obtained
from Serva chemical company, Germany. Alumina, Agarose, Potassium
glutamate, Potassium acetate, MES, Coomassie blue, Ethidium bromide,
Sucrose (RNase free), Spermine, Poly (U), Pancreatic RNase A were obtained
from  Sigma-Aldrich company, USA. Poly (U)-Sepharose 4B,
VivaspinMWCO20 were obtained from GE healthcare, Sweeden. DEAE-
Cellulose, Cellulose, Whatman filter papers were obtained from Whatman
International Limited, England. Molecular weight markers were obtained from
Fermentas Molecular Biology Tools, Canada. DNase | was obtained from
Bangalore Genei, India. Nitrocellulose filters (0.45 micron) were obtained
from Millipore company, India. Bromophenol blue, Glycerol, Basic fuchsin,
Sodium chloride, Potassium chloride, Calcium chloride, Sodium bromide,
Sodium hydrogen carbonate, Glucose, Ammonium chloride, Ammonium
sulphate, Phenol, Hydrochloric acid, Sodium acetate were obtained from Fisher
Scientific, India. Magnesium chloride, Magnesium sulphate, Peptone, Yeast
extract, Methanol, Agar-Agar, Acetone, Ammonium per sulphate and TEMED
were obtained from Hi-media chemicals, Mumbai. Glacial acetic acid,
Magnesium acetate, Sepharose-4B and 2-mercaptoethanol were obtained from
SRL chemical company.
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Methods:

Bacterial strains:

Halomonas eurihalina strain DSM 5720 was obtained from DSMZ,
Braunschweig, Germany. Escherichia coli strain D10 (RNase | ) was a gift
from Dr. R. Sir Deshmukh, Center for Cellular and Molecular biology, India.

Bacterial growth:

Halomonas eurihalina was grown at 30 °C with vigorous aeration in
MH medium containing 6% NaCl, 1.5% MgCl,, 0.74% MgSO,, 0.027% CaCl,,
0.15% KCI, 0.0045% NaHCOs, 0.0019% NaBr, 0.5% peptone, 1% yeast
extract, 0.1% glucose. pH was adjusted to 7.2 with 2N NaOH (Quesada et al
1983). The cultures were chilled and harvested at 4 °C after 12 h and 24 h of
growth for logarithmic and stationary phase cells respectively and pellets were
frozen at -80 °C.

E. coli strain D10 (RNase I) was grown in Luria broth containing 1%
tryptone, 1% sodium chloride, 0.5% yeast extract at 37 °C with vigorous
aeration. The mid logarithmic cultures were chilled and harvested. The cell
pellet obtained was stored at -80 °C.

Growth of H. eurihalina in increasing salt (NaCl) concentrations:

H. eurihalina was grown in media containing different concentrations
of NaCl (5%, 6%, 10%, 15% and 20%). The concentration of all other
ingredients was same as that of the regularly used media and the growth was
monitored by measuring the absorbance at 660 nm. Bacteria were grown at 30
°C with vigorous agitation until they reached stationary phase.
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Isolation of ribosomes by ultracentrifugation:

Ribosomes were isolated from E. coli according to Minks et al (1978).
The same procedure was followed to isolate ribosomes from H. eurihalina
logarithmic and stationary phase cells using buffer conditions mentioned
below. All operations were carried out at 4 °C. Cells were ground with double
the weight of alumina in the presence of DNase (RNase free, 3 ug/g of cells)
until soft and sticky and extracted with buffer (3 ml/gm of cells) containing 20
mM Tris-Cl (pH 7.6), 50 mM potassium chloride, 10 mM magnesium chloride
and 7 mM 2-mercaptoethanol (TKMjoMe) for E. coli and for H. eurihalina, a
buffer containing 20 mM Tris-Cl (pH 7.6), 250 mM ammonium chloride, 20
mM magnesium acetate and 7 mM 2-mercaptoethanol (TNMy,Me) was used.
The suspension was centrifuged at 10,000 g to remove the cell debris and
alumina and the supernatant was centrifuged at 30,000 g for 30 min to obtain
S-30 extract. The S-30 extract was centrifuged in Beckman Ti 70 rotor at
1,00,000 g for 4 h to pellet ribosomes. The upper two thirds of the supernatant
(S-100) was collected and the E. coli and H. eurihalina ribosomal pellets were
suspended in small volume of TKMjsMe and TNMzMe buffers respectively
and processed for further purification or stored frozen at -80 °C until further

purification.

Ammonium chloride wash of ribosomes:

Ribosomes were suspended in their respective ribosomal buffers
containing 0.5 M or 1 M ammonium chloride and left at 4 °C overnight. The
ribosomal suspensions in 1 M ammonium chloride were pelleted by ultra
centrifugation in Beckman Ti 80 rotor at 1,50,000 g for 3 h 30 min at 4 °C. The
pellets thus obtained were dissolved in respective ribosome buffers and then
analyzed by SDS-PAGE. Ribosomal proteins were extracted from ammonium
chloride washed ribosomes and analyzed by two-dimensional gel

electrophoresis.
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Ultra centrifugation of ribosomes on 10% sucrose cushion:

Ribosomes were layered on top of 10% sucrose cushions prepared in
respective ribosomal buffers for E. coli and H. eurihalina ribosomes
(logarithmic and stationary phases). These ribosomes were subjected to ultra
centrifugation in Beckman Ti 80 rotor at 150,000 g for 3 h 30 min at 4 °C. The
pellets thus obtained were dissolved in respective ribosomal buffers and stored
in small aliquots at -80 °C.

Extraction of ribosomal proteins from ribosomes:

Extraction of ribosomal proteins was carried out according to the
method of Hardy et al (1969). Two volumes of 100% glacial acetic acid
containing 0.05 M magnesium acetate were added to one volume of ribosomes
(10 mg/ml) and left on ice for 45-60 min with constant stirring. Then the
suspension was centrifuged at 12,000 rpm for 20 min. Supernatant was
collected and the pellet was re extracted with 0.5 volumes of 67% glacial acetic
acid containing 0.1 M magnesium acetate. Supernatant was collected after the
centrifugation to remove the precipitated RNA. Both the supernatants
containing ribosomal proteins were precipitated with 5 volumes of ice-cold
acetone and left overnight at -20 °C. The ribosomal proteins were pelleted at
12,000 rpm for 10 min. The pellet was dissolved in 8 M urea and 7 mM 2-
mercaptoethanol and stored frozen at -80 °C. The extracted proteins were

analyzed by SDS-PAGE and 2D gel electrophoresis.

SDS-poly acrylamide gel electrophoresis:

SDS-PAGE was performed using 18% gels as described by Thomas
and Kornberg (1975). The ratio of acrylamide to bisacrylamide was 30:0.3. The
18% separating gel was in 0.75 M Tris-Cl pH 8.8, 0.002 M sodium EDTA and
0.1% SDS and the stacking gel was of 5% polyacrylamide in 0.08 M Tris-Cl
pH 6.8, 0.002 M sodium EDTA and 0.1% SDS. Protein samples were treated
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with 0.1% SDS and 1% 2-mercaptoehanol at 65 °C for 15 min and layered on
the slots of slab gels. Electrophoresis was carried out at 90 V for 4 h for mini
gels and for 10 h for standard gels. Electrode buffer used was 0.05 M Tris, 0.38
M glycine and 0.1% SDS.

Staining of poly acrylamide gels:

Coomassie blue staining:

Gels were fixed for 1 h in 45:45:10 methanol : water : glacial acetic
acid and then stained with coomassie blue R-250 (0.15% in 45% methanol,
45% water and 10% glacial acetic acid acid) for 1 h and destained with 5%
methanol and 7.5% glacial acetic acid in water.

Two-dimensional gel electrophoresis:

Two-dimensional gel electrophoresis of ribosomal proteins was
performed according to the method of Geyl et al (1981). Protein samples were
taken in 6 M urea, 10 mM DTT and 10 mM Bis-Tris acetic acid. Basic fuchsin
was used as a marker dye. 150 ug of ribosomal protein samples were loaded on
to the first dimensional 4% polyacrylamide gels containing 0.0568 M Bis-Tris
acetic acid (pH 5.0), 6 M urea, 6.5 mM EDTA and 0.1% bis acrylamide. 0.01
M Bis-Tris acetic acid (pH 4.0) was used as upper electrode buffer and 0.089
M potassium acetate (pH 5.0) was used as lower electrode buffer. The
electrophoresis was done at 110 V for 5-6 h. After the run, the gels were
removed and placed on top of two dimensional slab gels containing 18.6%
polyacrylamide and 0.48% methylene bis acrylamide, 1% 5 N KOH and 6 M
urea pH 4.5. Electrophoresis in the second dimension was performed, at 10 °C
with 80 V, using electrode buffer containing 0.28 M Glycine (pH 4.5), until
tracking dye reached the bottom of the gel for 18 h. After electrophoresis the

gels were stained in 0.15% coomassie brilliant blue R-250 in 50% methanol
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and 7.5% acetic acid. The gels were then destained in a destaining solution

containing 5% methanol and 7.5% acetic acid.

In the case of acidic proteins (cold shock proteins), gel electrophoresis
was carried out according to system | of Madjar et al, 1979. Protein samples
were taken in 6 M urea, 10 mM DTT and 20 mM Bis-Tris acetic acid and 5
mM MES. Bromophenol blue was used as marker dye. 30 ug of ribosomal
protein sample were loaded on to the first dimensional 4% polyacrylamide gels
containing 0.0568 M Bis Tris-acetic acid (pH 5.0), 6 M urea, 6.5 mM EDTA
and 0.1% bis acrylamide. 0.02 M Bis-Tris acetic acid and 5 mM MES (pH 7.0)
was used as upper electrode buffer and 0.028 M Bis-Tris acetic acid (pH 6.0)
was used as lower electrode buffer. The electrophoresis was done at 110 V for
5-6 h. acidic. Electrophoresis in the second dimension was performed
according to Metz and Bogorad (1974). After the run, the gels were removed
and placed on top of two dimensional slab gels containing 10% polyacrylamide
and 0.5% methylene bis acrylamide and 0.14 M Bis-Tris acetic acid pH 6.75.
Electrophoresis in the second dimension was performed at 10 °C with 50 V,
using upper electrode buffer containing 0.07 M Bis-Tris acetic acid, 0.07 M
MES, 0.2% SDS and 0.000015% thioglycolic acid and lower electrode buffer
containing 0.028 M Bis-Tris acetic acid (pH 6.75), until tracking dye reached
the bottom of the gel for 4 h. After electrophoresis the gels were stained in
0.15% coomassie brilliant blue R-250 in 50% methanol and 7.5% acetic acid.
The gels were then destained in a destaining solution containing 5% methanol
and 7.5% acetic acid.

Isolation of rRNA from ribosomes:

Equal volumes of saturated phenol was added to ribosomes (75 Aaeo
units/ml) in TNMyyMe buffer and vigorously shaken for 30 min. The mixture
was centrifuged at 10,000 rpm for 20 min. The upper aqueous layer was
carefully taken out and the lower phenol phase was reextracted with equal
volumes of buffer. Both the aqueous layers were pooled and the RNA was
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precipitated with 1/10 volume of 20% sodium acetate pH 5.5 and 2 volumes of
absolute alcohol. All the operations were carried out at 4 °C. It was left
overnight at -20 °C. The precipitated RNA was pelleted by centrifugation at
12,000 rpm for 20 min at 4 °C. The RNA pellet was dissolved in 10 mM
sodium acetate and stored frozen at -80 °C. In case of E. coli D10 (RNase I')
TKM;joMe buffer was used.

Agarose gel electrophoresis:

Ribosomal RNA was analyzed on 1% agarose gels. The electrophoresis
was carried out in a buffer containing 89 mM Tris-Cl, 89 mM boric acid, 2.5
mM EDTA (pH 8.3) at 150 V. After electrophoresis the gels were stained in
300 mM sodium acetate containing 0.02% methylene blue. The gels were

destained in streile double distilled water.

Structural studies of Halomonas eurihalina ribosomes

Sucrose density gradient centrifugation:

a. On 5-20% gradients:

Undialysed H. eurihalina logarithmic and stationary phase ribosomes
(ribosomes obtained after pelleting from S-30 in 20 mM magnesium acetate
buffer) were layered carefully layered on the top of 5-20% linear sucrose
gradients prepared in ribosomal buffer and centrifuged for 1 h 30 min at 40,000
rpm in SW 50.1 rotor. The gradient was fractionated into 1 ml fractions. The
absorbance of the fractions was measured at 260 nm and 280 nm after
appropriate dilution with respective buffers. E. coli ribosomes were dialysed
against T,oKsoMo2Me; buffer. Undialysed ribosomes (in 10 mM magnesium
acetate buffer) layered on sucrose density gradients were taken as controls. 10
Azgo Units of ribosomes were layered on top of each gradient tube.
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b. On 10-30% gradients:

Logarithmic and stationary phase ribosomes were dialyzed against
different buffer conditions (20 mM Tris-Cl pH 7.6, 0.2 mM magnesium
acetate, 7 mM 2-mercaptoethanol, 500 mM salt) each for one sample for 24 h.
The different salts used were ammonium chloride, potassium chloride,
potassium glutamate and sodium chloride. 10 Az units of dialyzed ribosomes
were layered carefully on the top of 10-30% linear sucrose gradients prepared
in respective buffers and centrifuged for 1 h 30 min at 40,000 rpm in SW 50.1
rotor. Fractions were collected from top of the gradient and the absorbance of
the fractions was measured at 260 nm and 280 nm after appropriate dilution
with the same buffer. Undialysed ribosomes layered on sucrose density
gradients were taken as controls.

Same procedure was carried out with undialyzed S-30 obtained from H.
eurihalina logarithmic, stationary and E. coli cells. 10-30% gradients were
used for H. eurihaina S-30 and 5-20% gradients were used for E. coli S-30.

Hydrophobic interaction chromatography:

Hydrophobic interaction chromatography was performed according to
Krillov et al (1978). Logarithmic and stationary phase 70 S ribosomes of H.
eurihalina were subjected to Sepharose-4B column chromatography separately
after equilibration in buffer A (20 mM Tris-Cl (pH 7.6), 1.5 M (NH,)2SO4, 0.2
mM magnesium acetate, and 7 mM 2-mercaptoethanol). Ribosomes (150 Ao
units) dialyzed against same buffer were applied on 60 ml of Sepharose-4B
column. The ribosomes were solubilized differentially by a reverse salt
gradient elution with buffer A, buffer B (20 mM Tris-Cl, pH 7.6, 0.05 M
(NH4)2SO4, 0.2 mM magnesium acetate, 7 mM 2-mercaptoethanol),
respectively at the flow rate of 15-20 ml/h. The column was eluted with 130 ml

gradient buffer. The absorbance of the fractions was measured at 260 nm. The
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fractions corresponding to different peaks were pooled separately and stored at
-80 °C. The proteins in the fractions were analyzed by SDS-PAGE.

RNase A degradation studies of H. eurihalina ribosomes:

The degradation of H. eurihalina logarithmic and stationary phase
ribosomes by RNase A was carried out in a 1 ml spectrophotometer cuvette
containing 20 mM Tris-Cl pH 7.6, magnesium acetate (concentration as
indicated in figures), 250 mM ammonium chloride (salt and concentrations
varied as indicated in figures) and 1 Azso unit of ribosomes. In case of E. coli,
10 mM Tris-Cl pH 7.6, magnesium acetate (as indicated in figures) 50 mM
potassium chloride and 1 Aggo unit of ribosomes were used. Concentration as
indicated in figures (for H. eurihalina logarithmic and stationary phase
ribosomes) or 0.3 ug (for E. coli ribosomes) of RNase A was used in each case.
Reaction mixture without the enzyme was used to adjust the initial absorbance
of the reaction mixture to zero. Absorbance of the mixture was measured
continuously until degradation reaches a plateau. The assay was performed at
room temperature (25 °C). The percent increase was calculated on the basis of
the initial Ao reading of the reaction mixture.

Effect of different salts and their concentrations on RNase A sensitivity of

H. eurihalina ribosomes:

Ribosomes isolated from both logarithmic and stationary phase cells of
H. eurihalina were dialyzed against the buffer containing 20 mM Tris-Cl pH
7.6, 0.1 mM magnesium acetate, 7 mM 2-mercaptoethanol and varying
concentration of salt (as indicated in figures). Different concentrations of
RNase A as indicated in figures were added. The salts used were ammonium
chloride, potassium chloride, potassium glutamate and sodium chloride.
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Treatment of ribosomes with spermine or spermidine:

Treatment of ribosomes (logarithmic and stationary phases) was carried
out as described by Weiss and Morris (1973) with some modifications. E. coli
ribosomes (70 Azso/ml) were dialyzed against the buffer containing 10 mM
Tris-Cl pH 7.6, 0.1 mM magnesium acetate, 60 mM potassium chloride, 7 mM
2-mercaptoethanol and 0.5 mM spermine or 1 mM spermidine overnight. H.
eurihalina logarithmic and stationary phase ribosomes were dialysed against a
buffer containing 20 mM Tris-Cl pH 7.6, 20 mM magnesium acetate, 250 mM
ammonium chloride and 7 mM 2-mercaptoethanol. Samples of ribosomal
preparations dialyzed against the respective buffers but without spermine or

spermidine were taken as respective controls.

Treatment of ribosomes with Ethidium bromide:

Treatment of ribosomes with Ethidium bromide was carried out
according to Stevens and Pascoe (1972) with some modifications. 1.5 mM
ethidium bromide was added to the E. coli ribosomes in a buffer containing 10
mM Tris-Cl pH 7.6, 0.1 mM magnesium acetate, 300 mM potassium chloride
and 7 mM 2-mercaptoethanol and the solution was incubated at 37 °C for 1 h.
For H. eurihalina logarithmic and stationary phase ribosomes a buffer
containing 20 mM Tris-Cl pH 7.6, 0.1 mM magnesium acetate, 300 mM
ammonium chloride and 7 mM 2-mercaptoethanol was used. Excess amount of
EtBr was removed by dialyzing the treated ribosomes against respective
buffers without ethidium bromide. Samples of ribosomal preparation dialyzed
against the same buffers but without EtBr were taken as controls.

Ribosome unfolding studies with urea:

Ribosomes of H. eurihalina (logarithmic and stationary phases) were
incubated in TNMyoMe buffer containing 2 M, 4 M, 6 M and 8 M urea for 15
min at room temperature. Absorption spectra of the treated ribosomes were
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recorded from 220 to 300 nm. Absorption spectra of ribosomes incubated in
TNM_zMe was taken as control. In case of E. coli, ribosomes were incubated in
TKM;joMe buffer containing 2 M, 4 M, 6 M and 8 M urea for 15 min at room
temperature for obtaining the spectra. Ribosomes incubated in TKMjMe
buffer were used for recording E. coli control absorption spectrum.

Light scattering studies:

Effect of magnesium ion concentration on ribosomal dissociation:

Ribosomal subunit dissociation studies were carried according to
Zitomer and Flaks (1972) with few modifications, in Jasco-777
spectrofluorimeter. The excitation and emission band widths were set to 5 nm.
The excitation and emission wavelengths were set at 400 nm. The intensity of
the light scattered by the particles was read at an angle of 90 degrees. All
measurements were made at room temperature. A total volume of 1 ml sample
was placed in cuvette. Each experiment was carried out for more than three

times in spectrofluorimetric studies.

To determine the dissociation of 70 S logarithmic or 70 S stationary
phase ribosomes, ribosomes from a stock (250-300 Agzgo/ml) were diluted into 1
ml of buffer containing 20 mM Tris-Cl pH 7.6, 250 mM ammonium chloride, 7
mM 2-mercaptoethanol and the final concentration of magnesium varied from
30 mMto 1 mM.

Final concentration of ribosomes in each reaction mixture was 2
Aggo/ml, 1.6 Ageo/ml for logarithmic and stationary phase ribosomes
respectively. The reaction mixtures were allowed to equilibrate for 10 min at
room temperature and relative light scattering was determined. For E. coli
ribosomes the buffer contained 20 mM Tris-Cl pH 7.6, 30 mM ammonium
chloride and 7 mM 2-mercaptoethanol and magnesium concentration as

mentioned above. Final concentration of E. coli ribosomes in each reaction
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mixture was 4 Azso/ml. A graph was plotted against the relative scattering and

magnesium concentration.

Purification of S1 protein:

S1 protein from H. eurihalina has been purified by taking advantage of
its property of strong binding to poly pyrimidines. This involves affinity
chromatography of ribosomes on poly (U)-sepharose column. 300 Azso units of
Halomonas eurihalina ribosomes were passed through a 5 ml poly (U)-
sepharose column equilibrated with 20 mM Tris-Cl pH 7.6, 250 mM
ammonium chloride, 20 mM magnesium acetate, 7 mM 2-mercaptoethanol.
The column was washed with 20 ml of buffer C (20 mM Tris-Cl pH 7.6, 1 M
ammonium chloride, 20 mM magnesium acetate and 7 mM 2-mercaptoethanol)
to recover ribosomes devoid of S1. S1 bound to the column was eluted with 15
ml of buffer D (buffer C + 7 M urea). Absorbance of the fractions was
measured at 280 nm. Fractions containing S1 were pooled and stored at -80 °C.
Molecular weight of the S1 protein was determined by SDS-PAGE analysis.

Coupling of poly (U) to activated cellulose:

Poly (U) was coupled to activated cellulose according to Carmichael
(1975). For each column, 2 grams of ethanol-washed whatman CF-11 cellulose
were mixed with 20 mg of RNA, in 20 ml of solution containing 7 ml of 100%
ethanol and 18 ml of buffer (0.05 M Tris-Cl, pH 6.85, 0.1 M NaCl and 0.001 M
EDTA) and allowed to stand at room temperature for 1 h. The slurry was then
diluted with 500 ml of cold (-20 °C) ethanol and filtered through Whatman
no.l filter paper using Buchner funnel. The powder was allowed to dry at room
temperature and then suspended in 25 ml of 100% ethanol containing 0.5 ml of
1 M magnesium acetate. This suspension, in an uncovered petridish, was
irradiated for 20 min at a distance of 10 cm from two general electric 15-watt
germicidal bulbs and then diluted with 250 ml of cold ethanol and collected by
filtration as before. The poly (U)-cellulose was stored until use as a dry powder
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below 4 °C. Poly (U)-cellulose (2 g) was swollen in TNMyMe buffer at 4 °C
and packed into a small column (1.2 x 6 cm). The column was washed with the
same buffer until the Ao Of the effluent was less than 0.05. In general, about
10 mg of protein may be bound to a column to which 10 mg of RNA have been

coupled.

Poly (U)-cellulose column chromatography of S-100:

S-100 was loaded on poly (U)-cellulose column that was previously
equilibrated with TNMyMe buffer. The column was eluted with a buffer
containing 20 mM Tris-Cl pH 7.6, 20 mM magnesium acetate, 1 M ammonium
chloride and 7 mM 2-mercaptoethanol (buffer C). Then the column was eluted
with buffer E (buffer C + 8 M urea). Absorbance of the fractions was recorded
at 280 nm. Peak fractions were analyzed by SDS-PAGE, pooled and stored at -
80 °C.

Proteomic analyses: in-gel digestion and mass spectrometry (MS)

In-gel digestion and matrix-assisted laser desorption/ionization time of
flight mass spectrometric (MALDI-TOF MS) analysis was conducted with a
MALDI-TOF/TOF mass spectrometer (Bruker Autoflex I11 smartbeam, Bruker
Daltonics, Bremen, Germany) according to the method described by
Shevchenko et al. (1996) with slight modifications. Coomassie-stained protein
spots were manually excised from three reproducible gels. The excised gel
pieces were destained with 100 puL of 50% acetonitrile (ACN) in 25 mM
ammonium bicarbonate (NH;HCO3) for five times. Thereafter, the gel pieces
were treated with 10 mM DTT in 25 mM NH4HCO; and incubated at 56 °C for
1 h. This is followed by treatment with 55 mM iodoacetamide in 25 mM
NH4HCO; for 45 min at room temperature (25 £ 2 °C), washed with 25 mM
NH4HCO3; and ACN, dried in speed vac concentrator and rehydrated in 20 uL
of 25 mM NH4HCO; solution containing 12.5 ng pL™ trypsin (sequencing
grade, Promega, Wisconsin, USA). The above mixture was incubated on ice
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for 10 min and kept overnight for digestion at 37 °C. After digestion, a short
spin for 10 min was given and the supernatant was collected in a fresh
eppendorf tube. The gel pieces were re-extracted with 50 pL of 1%
trifluoroacetic acid (TFA) and ACN (1:1) for 15 min with frequent vortexing.
The supernatants were pooled together and dried using speed vac and were
reconstituted in 5 pL of 1:1 ACN and 1% TFA. 2 uL of the above sample was
mixed with 2 uL of freshly prepared a-cyano-4-hydroxycinnamic acid (CHCA)
matrix in 50% ACN and 1% TFA (1:1) and 1 pL was spotted on target plate.

Protein identification: peptide mass fingerprinting and MS/MS analysis

Protein identification was performed by database searches (PMF and
MS/MS) using MASCOT program (www.matrixscience.com) employing
Biotools software (Bruker Daltonics).The similarity search for mass values was
done with existing digests and sequence information from NCBInr and Swiss-
Prot database. The taxonomic categories searched were eubacteria, archaea
(archaeobacteria) and eukaryotes. The other search parameters were: fixed
modification of carbamidomethyl (C), variable modification of oxidation (M),
enzyme trypsin, peptide charge of 1* and monoisotropic. According to the
MASCOT probability analysis (P\0.05), only significant hits were accepted for
protein identification.

Computational analyses:

BLAST (National Center for Biotechnology Information) was used for
homologous sequence searches. Among the first 100 hits, 10 hits were chosen.
Even though several species of same genera showed homology to the search
sequence, only one species was chosen as representative for a genus, thus
encompassing the widest possible taxonomic and habitat ranges. FASTA
format sequences were obtained for the select hits by using BLAST (National

Center for Biotechnology Information). ClustalX2 (www.clustal.org) was used

to generate multiple sequence alignments.
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Growth of Halomonas eurihalina:

H. eurihalina was grown as described in the methods. Fig: 1 shows the
growth curve of H. eurihalina. It can be observed that H. eurihalina had a
generation time of 2 h and entered stationary phase after 16 h of growth. For
our studies cultures were grown for 12 h and 24 h representing mid logarithmic
phase and stationary phase cells respectively. Cell pellets were stored frozen at
-80° C.

Isolation of ribosomes from H. eurihalina:

Ribosomes were isolated as described in methods. In case of E. coli
ribosomes, the non-ribosomal proteins bound to ribosomes were usually
removed by incubating crude ribosomes in a buffer containing 1 M ammonium
chloride (1 M NH4Cl washing) overnight at 4° C clarified by low speed
centrifugation at 15,0009 for 30 min and pelleted at 100,000g for 4h. The same
method could not be used in case of H. eurihalina ribosomes as ammonium
chloride wash resulted in abnormal electrophoretic mobility pattern of the
ribosomal proteins. Fig: 4A & B shows the two-dimensional gel
electrophoretic analysis of ribosomal proteins extracted from crude ribosomes
and 1 M ammonium chloride washed ribosomes. The 1 M NH,Cl washed
ribosomes had fewer number of ribosomal proteins which appeared as streaks

instead of spots.

These results indicate the possibility of strong association of chloride
ions to the ribosomal proteins of H. eurihalina (logarithmic and stationary

phases) and thus affecting their electrophoretic mobility pattern.

Ultra centrifugation of ribosomes on 10% sucrose cushion:

Purification of ribosomes, to release loosely associated non ribosomal
proteins was achieved by ultra centrifugation of ribosomes on 10% sucrose
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cushions (both E. coli and H. eurihalina ribosomes in respective buffers). The
purity of the ribosomes was checked by Az to Azgo ratio and by
electrophoresis.

SDS-PAGE analysis of ribosomes and extracted ribosomal proteins from

H. eurihalina:

The ribosomes thus obtained were analyzed by SDS-PAGE as
described in methods. Proteins were extracted from the ribosomes by acetic
acid extraction as described in the methods. Several high molecular weight
proteins were removed by following this procedure. Electrophoretic mobility
pattern of ribosomes and ribosomal proteins from H. eurihalina were compared
with electrophoretic mobility pattern of ribosomes and ribosomal proteins of E.
coli (Fig: 2A and 2B). SDS gel pattern indicated that almost all the proteins
were extracted from the ribosomes by acetic acid extraction method.

Agarose gel electrophoresis of rRNA from H. eurihalina:

Ribosomal RNA was extracted from the ribosomes of E. coli D10
(RNase 1), logarithmic and stationary phase ribosomes of H. eurihalina as
described in the methods and agarose gel electrophoresis was performed.
Ribosomal RNA extracted from both the species showed similar RNA profile
(Fig: 3). These results indicate that rRNA species of H. eurihalina correspond
t023 S, 16 Sand 5 SrRNA as in E. coli.

Comparative analysis of mesophilic and moderately halophilic ribosomal

proteins by two- dimensional gel electrophoresis:

The ribosomal proteins extracted from sucrose cushion purified E. coli
and H. eurihalina ribosomes were analyzed by two- dimensional gel
electrophoresis (Fig 5A & B). Electrophoretic mobility pattern indicates that
the majority of moderately halophilic ribosomal proteins are basic, as in the
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Fig: 2. Gel electrophoretic analysis of ribosomes and ribosomal proteins.
A. SDS-PAGE analysis of ribosomes. B. SDS-PAGE analysis of proteins
extracted from ribosomes. Lane 1: Molecular weight marker, lane 2: E. coli,
lane 3: H. eurihalina logarithmic phase, lane 4: H. eurihalina stationary phase.

Fig: 3. Agarose gel electrophoresis of rRNA. Lane 1: E. coli rRNA, lane 2: H.
eurihalina logarithmic phase rRNA, lane 3: H. eurihalina stationary phase
rRNA.
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Fig: 4. Two-dimensional gel electrophoresis of H. eurihalina ribosomal proteins. A. Crude ribosomal proteins. B. 1M ammonium

chloride washed ribosomal proteins. C. Extracted ribosomal proteins treated with 1 M ammonium chloride and dialyzed against 6 M urea.
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Fig: 5. Two-dimensional gel electrophoresis of ribosomal proteins

extracted from sucrose cushion purified ribosomes. A. E. coli ribosomal

proteins. B. H. eurihalina ribosomal proteins.
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case of E. coli. The results also show that the nature of ribosomal proteins of
moderate halophile H. eurihalina is unlike ribosomal proteins from extremely
halophilic archaea. Number of spots observed in two- dimensional gel of H.
eurihalina ribosomal proteins was more, indicating the possibility of presence
of more number of ribosomal proteins in H. eurihalina, as compared to E. coli.
Some of the proteins may also correspond to non ribosomal proteins tightly
associated with ribosomes such as translation factors.

Comparative analysis of logarithmic and stationary phase ribosomal

proteins of H. eurihalina:

Growth phase dependent variation in ribosomal proteins was studied by
extracting ribosomal proteins from ribosomes isolated from equal amounts of
logarithmic and stationary phase cell pellets. The ribosomal proteins extracted
from sucrose cushion purified ribosomes of both logarithmic and stationary
phase bacteria grown under moderately halophilic conditions were compared in
terms of SDS-PAGE and also by two-dimensional gel electrophoresis (Fig: 6A
& B).

The results showed that some of the spots were missing in ribosomal
protein profile of stationary phase ribosomes. Some of the spots showed
substantial decrease in concentration where as some spots showed increase in
protein concentration in stationary phase gels in comparison to logarithmic

phase cells. Some of these ribosomal proteins were identified (see Chapter 3).

Growth of H. eurihalina in media containing increasing NaCl

concentrations:

Although H. eurihalina is a moderate halophile, it has been reported
that the organism can grow in the presence of wide range of NaCl
concentration including extreme halophilic conditions. Experiments were
carried out to observe any variation in ribosomal protein composition in H.

eurihalina grow at moderate and extreme halophilic conditions.
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H. eurihalina was grown in media containing varying concentrations of
sodium chloride viz., 5%, 6%, 10%, 15% and 20% and growth curves were

presented in Fig: 7.

The results show that growth rate was not affected up to 10% NaCl
concentration. Decline in growth rate was observed in 15% NacCl
concentration. In 20% NaCl containing media, very long lag phase up to 20
hours was observed before logarithmic phase and the stationary phase was
reached after 40 hours.

Comparison of ribosomal proteins isolated from H. eurihalina grown in

moderate and extreme halophilic conditions:

The ribosomal proteins extracted from logarithmic phase ribosomes
isolated from bacteria grown under moderate halophilic conditions (6% NaCl
containing media) were compared with ribosomal proteins extracted from
bacteria grown under extreme halophilic conditions (20% NaCl containing
media) both by SDS-PAGE (Fig: 8) and two-dimensional gel electrophoresis
(Fig: 9A & B).

The results show that the electrophoretic profile of ribosomal proteins is
similar whether the cells were grown in moderately halophilic conditions or
extremely halophilic conditions. These results also show that ribosomal
proteins of moderate halophiles were basic in nature even under extremely

halophilic conditions of growth unlike extremely halophilic archaea.
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Fig: 6. Two-dimensional gel electrophoresis of ribosomal proteins

extracted from sucrose cushion purified ribosomes. A. H. eurihalina

logarithmic phase. B. H. eurihalina stationary phase.
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Fig: 7. Growth curves of Halomonas eurihalina DSM 5720 grown in
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Fig: 8. SDS-PAGE analysis of H. eurihalina ribosomal proteins. Lane 1:
Molecular weight marker, lane 2: logarithmic phase ribosomal proteins, lane 3:

stationary phase ribosomal proteins, lane 4: ribosomal proteins extracted from
bacteria grown in 20% NaCl containing media.
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Fig: 9. Two-dimensional gel electrophoresis of H. eurihalina ribosomal
proteins extracted from sucrose cushion purified ribosomes. A. Moderately
halophilic conditions. B. Extremely halophilic conditions.
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Structural studies on halophilic ribosomes

Ribosome is a complex of rRNA and proteins whose flexible
conformation is formed and stabilized by mutual interactions among its
components, which is influenced by specific monovalent and bivalent cations.
Thus, certain changes in the ionic environment which do not change the overall
structural properties of the ribosome do nevertheless change something in the
conformation of the component macromolecules, which may have drastic
effects on structure of the ribosome leading to variation in its functional
activity. It is further known that magnesium ions play central role in stabilizing
the structure of ribosome and optimum concentration of magnesium ion is
required to maintain the subunits in associated monomer form, structural

conformation and for the functional activity of the ribosome.

Structural studies of halophilic ribosomes were carried out by two
different sets of experiments. First set of experiments were carried out to
determine the ionic (magnesium ion) concentration required for the
dissociation of ribosomes into subunits. Second set of experiments include
studies on structural changes in ribosomes induced by agents like salts,

polyamines and intercalating agents using RNase A as a probe.
Magnesium ion dependent subunit dissociation

In order to observe the effect of reduced magnesium ion concentration
on H. eurihalina ribosomes, sucrose density gradient centrifugation studies,

hydrophobic interaction chromatography studies and light scattering studies

were carried out.
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i. Sucrose density gradient centrifugation:

Attempts were made to separate ribosomal subunits by sucrose density
gradient centrifugation, the most widely and generally used method for
separation of subunits. In spite of applying different conditions, none of them

resulted in dissociation of subunits.

a. On 5-20% gradients:

Centrifugation was carried out as described in methods. The sucrose
density gradient centrifugation profiles of dialyzed (0.2 mM magnesium
acetate) and undialyzed (10 mM magnesium acetate) E. coli ribosomes were
shown in Fig: 10A & B. It can be observed that ribosomes dialyzed against low
magnesium ion concentration resulted in dissociation of ribosomes represented
by two peaks (Fig: 10A), in comparison to undialyzed ribosomes (Fig: 10B).
The sucrose density gradient profiles of undialyzed (20 mM magnesium
acetate) H. eurihalina ribosomes were given in Fig: 10C & D. H. eurihalina
logarithmic phase ribosomes sedimented faster in comparison to stationary
phase and E. coli ribosomes. These results show that H. eurihalina logarithmic
phase ribosomes are more compact in comparison to E. coli ribosomes. H.
eurihalina stationary phase ribosomes are less compact than logarithmic phase
ribosomes and sedimentation pattern is similar to E. coli ribosomes on sucrose
density gradients. Thus 10-30% gradients were used for sucrose density
gradient studies of H. eurihalina ribosomes.

b. On 10-30% gradients:

Sucrose density gradient profiles of undialyzed (20 mM magnesium
aetate) logarithmic and stationary phase ribosomes and respective SDS-PAGE
analysis representing 70 S ribosomes were shown in Fig: 11A, B & C. Sucrose
density gradient profiles and respective SDS-PAGE analysis of logarithmic and
stationary phase ribosomes dialyzed against low magnesium ion concentration

(0.2 mM) and salt (as indicated in figures) as mentioned in methods were given
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in Fig: 12, 13, 14 & 15 (A, B & C). High salt concentration was used as it was
known to favor subunit dissociation. It can be observed that in presence of salts
70 S ribosomal particles are stripped off of some proteins and hence showed
lesser sedimentation rate compared to undialyzed 70 S ribosomes. Significant
decrease in sedimentation rate was observed in presence of potassium
glutamate in comparison with normal conditions indicating that more number
of proteins was stripped off in presence of potassium glutamate followed by
sodium chloride and ammonium chloride. In presence of potassium chloride
much decrease in sedimentation rate was not observed. In spite of using several
conditions the ribosome failed to dissociate as analyzed by sucrose density
gradient ultracentrifugation.

As the ribosomes did not dissociate in presence of low magnesium
concentration, sucrose density gradient centrifugation of S-30 was carried out
to observe the presence of native ribosomal subunits in H. eurihalina extracts.
The sucrose density gradient profile of undialyzed E. coli S-30 showed the
presence of 30 S, 50 S native ribosomal subunits along with 70 S ribosomes in
the cell lysate (Fig: 17). Sucrose density gradient profiles of undialyzed
logarithmic and stationary phase S-30 and their respective SDS-PAGE analysis
were given in Fig: 16A, B & C. Undialyzed S-30 sucrose density gradient
profiles showed the absence of 30 S and 50 S native ribosomal subunits with
only the presence of 70 S ribosome peaks in both logarithmic and stationary
phase cell lysates. It is possible that in H. eurihalina, ribosomes may be
existing completely in undissociated 70 S forms in the cell lysates.

H. eurihalina logarithmic and stationary phase ribosomes failed to
dissociate even under very low magnesium ion concentration viz., 0.2 mM.
These results show that ribosomal subunit dissociation is magnesium
concentration independent in the case of H. eurihalina and that the subunits are
held together tightly.
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Fig: 11. Sucrose density gradient profiles of undialyzed H. eurihalina
ribosomes on 10-30% gradients. A. Logarithmic phase ribosomes. B.
Stationary phase ribosomes. C. SDS-PAGE analysis of peak fractions. Lane 1:

Molecular weight marker, lane 2-3: Logarithmic phase ribosomes, lane 4-5:

Stationary phase ribosomes.
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Fig: 12. Sucrose density gradient profiles of 500 mM ammonium chloride
dialyzed H. eurihalina ribosomes on 10-30% gradients. A. Logarithmic
phase ribosomes. B. Stationary phase ribosomes. C. SDS-PAGE analysis of
peak fractions. Lane 1: Molecular weight marker, lane 2 and lane 3:

logarithmic phase ribosomes, lane 4 and lane 5: Stationary phase ribosomes.

55



=]

- =3
=2 =
< <
1 1
0 e L}
B » B 2 b3 B » B 2 -3
Fratiomumber Fradtion mnber
c1 2 3
-—
. E— —
- A =
- ‘7
-
e T
—
—
. —
L]

Fig: 13. Sucrose density gradient profiles of 500 mM potassium chloride
dialyzed H. eurihalina ribosomes on 10-30% gradients. A. Logarithmic
phase ribosomes. B. Stationary phase ribosomes. C. SDS-PAGE analysis of
peak fractions. Lane 1: Molecular weight marker, lane 2: logarithmic phase
ribosome and lane 3: Stationary phase ribosomes.

56



A B’

A260
o

A260

o

Fig: 14. Sucrose density gradient profiles of 500 mM sodium chloride
dialyzed H. eurihalina ribosomes on 10-30% gradients. A. Logarithmic
phase ribosomes. B. Stationary phase ribosomes. C. SDS-PAGE analysis of
peak fractions. Lane 1: Molecular weight marker, lane 2: logarithmic phase

ribosomes and lane 3: Stationary phase ribosomes.

57



o
wﬂ-‘

24 2
< e
I~ -]
2 4
14 1
(] _ n T T T T T
H ) E ) % § ¥ E i | -
Fracicn mzber Fratoonumber
cl 2 3
- T — ———
—
-
-
- -

ol L3

L

Fig: 15. Sucrose density gradient profiles of 500 mM potassium glutamate
dialyzed H. eurihalina ribosomes on 10-30% gradients. A. Logarithmic
phase ribosomes. B. Stationary phase ribosomes. C. SDS-PAGE analysis of

peak fractions. Lane 1: Molecular weight marker, lane 2: logarithmic phase

ribosomes and lane 3: Stationary phase ribosomes.
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Fig: 16. Sucrose density gradient profiles of undialyzed H. eurihalina S-30
on 10-30% gradients. A. Logarithmic phase S-30. B. Stationary phase S-30.
C. SDS-PAGE analysis of peak fractions. Lane 1: Molecular weight marker,
lane 2: logarithmic phase S-30 and lane 3: Stationary phase S-30.

59



70S

A260

th A

Fig: 17. Sucrose density gradient profiles of undialyzed E. coli S-30 on 5-
20% gradients showing native ribosomal subunits and 70 S ribosomal
peaks.
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ii. Hydrophobic interaction chromatography for the dissociation of

ribosomes:

Hydrophobic interaction chromatography involves the treatment of
ribosomes with high salt and subsequent chromatography on sepharose column
using reverse salt gradient. This method has been successfully used to separate
ribosomal subunits from E. coli (Krillov, 1978). Same procedure was followed
in the case of H. eurihalina ribosomes. Logarithmic and stationary phase H.
eurihalina ribosomes were eluted on Sepharose-4B column using reverse salt
gradient as described in methods. The Sepharose-4B reverse salt gradient
elution profiles of H. eurihalina ribosomes were shown in Fig: 18A & 19A.
Logarithmic phase ribosomal elution profile showed a very small peak A and a
broad peak B. Stationary phase ribosomal elution profile showed a sharp peak
A and a broad peak B which may represent heterogeneous unfolded ribosomal
particles. SDS-PAGE analysis of peak fractions was shown in Fig: 18B & 19B.
Despite the presence of different peaks in the elution profiles, SDS-PAGE
analysis clearly shows the undissociated ribosomal band pattern.

These results show that even hydrophobic interaction chromatography
of ribosomes with reverse salt gradient does not result in dissociation of
ribosomes indicating the strong association of ribosomal subunits in H.
eurihalina. This procedure was found to be not applicable for H. eurihalina

ribosomes.

Light scattering studies:

Light scattering studies have been employed to study ribosomal subunit
association and dissociation of 70 S ribosomes to subunits. Light scattering
studies were carried to observe the presence of magnesium dependent subunit
dissociation in H. eurihalina ribosomes. These studies were carried out
according to Zitomer and Flaks (1972) with few modifications. Maximum

scattering was taken as 100% 70 S formation.
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The dependence of light scattering on the increasing concentration of
ribosomes was checked as shown in Fig: 20. Relative scattering was found to
be linear up to the concentration of 6 Azs/ml, 3.2 Agxe/ml and 2.5 Aggo/ml
respectively for E. coli, H. eurihalina logarithmic and stationary phase
ribosomes. In subsequent studies, concentration of ribosomes used was 4
Agso/ml, 2 Aggo/ml and 1.6 Aggo/ml for E. coli, H. eurihalina logarithmic and

stationary phase ribosomes respectively.

The relative light scattering obtained for E. coli ribosomes was shown
in Fig: 21A. Decrease in the amount of light scattered indicate dissociation of
ribosomes into subunits. Fig: 21B & C show the relative light scattering
obtained for H. eurihalina logarithmic and stationary phase ribosomes. Even at
1 mM magnesium ion concentration, decrease in the amount of light scattered
was not observed (both logarithmic and stationary phase ribosomes). These
results indicate that H. eurihalina ribosomes (logarithmic and stationary phase)
failed to dissociate at low magnesium concentrations. This data further
supports the results obtained by sucrose density gradient studies and
hydrophobic interaction chromatography. H. eurihalina ribosomes do not

dissociate into subunits under variety of conditions.

Structural studies using different probes

Conformation of moderate halophilic ribosomes, was studied using
specific probes such as pancreatic RNase A (specifically acts on single
stranded RNA). The stability of halophilic ribosomes was studied in presence
of different salts in varying concentrations and their resistance to urea
treatment. The stability of moderate halophilic ribosomes was compared with
that of the mesophilic (E. coli) ribosomes under similar conditions.
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Fig: 18. Reverse salt gradient elution of H. eurihalina logarithmic phase
ribosomes. A. Elution profile. B. Lane 1: Molecular weight marker, lanes 2-5:
fractions 22, 55, 62 and 85 respectively.
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Fig: 19. Reverse salt gradient elution of H. eurihalina stationary phase
ribosomes. A. Elution profile. B. Lane 1: Molecular weight marker, lanes 2-5:

fractions 26, 45, 57 and 72 respectively.
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Fig: 20. Intensity of light scattering as a function of ribosome
concentration. Light scattering was measured as described in methods section.

65



I/Imax

I/Imax

Concentration of M 'ion (in mM)

0

—#— Logphase ribosomes

0 3

25

10 15

Concentration of Me' 'ion (in m\V)

20 K]

B

I/Tmax

0 T T T
0 5

Concentration of Mg ' 'ion (in mvi)

Fig: 21. Effect of magnesium on the subunit dissociation equilibrium of
ribosomes. A. E. coli ribosomes, B. H. eurihalina logarithmic phase

ribosomes, C. H. eurihalina stationary phase ribosomes.
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Measurement of the degradation of ribosomes by RNase A using

Spectrophotometry:

Low magnesium concentrations were used in all these experiments at
room temperature, as this causes large change in the conformation of the
treated and untreated ribosomes. The change in the conformation (unfolding)
was detected by their susceptibility to RNase A.

RNase A hydrolyzes the single stranded regions of r-RNA that are
available for its action in the ribosome. RNase A degradation causes increase
in the absorbance of the ribosomal solution (hyperchromicity) which was
measured in a spectrophotometer.

Measurement of the degradation of ribosomes in the presence of RNase
A was done as described in methods. The measurement was made immediately
after adding the enzyme until degradation reaches a plateau (Fig: 22A, B & C).

These results show that E. coli ribosomes required 0.3 ug of RNase A
to reach maximum amount of degradation. However, H. eurihalina logarithmic
phase ribosomes required 26 fold more concentration of RNase A i.e., 8 ug to
reach maximum amount of degradation, whereas, stationary phase ribosomes

required 10 fold more i.e., 4 pg to reach maximum amount of degradation.

However, the maximum hydrolysis obtained for H. eurihalina
logarithmic and stationary phase ribosomes was less compared to maximum
hydrolysis obtained for E. coli ribosomes. These results show that moderately
halophilic ribosomes are much more stable to RNase A treatment in
comparison to E. coli ribosomes. H. eurihalina stationary phase ribosomes are
more susceptible to hydrolysis by RNase A than the logarithmic phase
ribosomes, suggesting stationary phase ribosomes are more unfolded. This may
be due to missing of some primary rRNA binding proteins (eg: L2).
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Effect of magnesium on the structure of ribosomes:

The degradation of ribosomes was measured in UV-Visible
spectrophotometer, at different magnesium concentrations, by the increase in
absorbance at 260 nm (or the hyperchromicity obtained) in the presence of
RNase A. As seen from the Fig: 23A, B & C degradation of ribosomes was
more at low magnesium concentrations i.e., 0.1 mM magnesium concentration.
The degradation was less at higher magnesium ion concentration in case of
both E. coli and H. eurihalina (logarithmic and stationary phases) ribosomes.
However, it should be noted that in these experiments also E. coli ribosomes
were hydrolyzed with many fold less concentration of RNase A.

These results indicate that moderate halophilic ribosomes are more
compact and more resistant to degradation by RNase A at low magnesium

concentration compared to mesophilic ribosomes.

Effect of different salts and their concentrations on RNase A

sensitivity of H. eurihalina ribosomes:

These experiments were carried out to observe the effect of salts on
moderately halophilic ribosomes. H. eurihalina logarithmic and stationary
phase ribosomes were dialyzed against varying concentrations of different salts
and their susceptibility to RNase A was studied.

A control experiment was carried out with E. coli ribosomes and all the
salts used in the experiment, to observe the effect of high salt concentration on
RNase A activity (Fig: 24A). These results show that even at highest salt
concentrations (0.5 M) used in the following experiments, none of the salts

showed any inhibitory effect on enzymatic activity.
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Effect of ammonium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
ammonium chloride were given in Fig: 24B, C & D respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility in
presence of 0.25 M and 0.5 M ammonium chloride compared to 0.1 M

ammonium chloride.

Effect of potassium glutamate:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
potassium glutamate were shown in Fig: 25A, B & C respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility at 0.25
M potassium glutamate concentration compared to 0.5M and 0.1 M potassium
glutamate. The ribosomes in low and high salt concentrations reached the same
level of degradation with less concentration of RNase A in comparison to
ribosomes in 0.25 M salt. The optimal concentration of potassium glutamate
that minimizes the hydrolysis by RNase A is around 0.25 M concentration.

Effect of sodium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
sodium chloride were shown in Fig: 26A, B & C respectively. Both logarithmic
and stationary phase ribosomes showed maximum degradation with less
concentration of RNase A. Protection against RNase A degradation was not
observed at any salt concentration. These results show that sodium chloride has
an unfolding effect on the ribosomes.
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Effect of potassium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
potassium chloride were shown in Fig: 27A, B & C respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility in
presence of potassium chloride. Protection was maximum at 0.25 M potassium
chloride concentration followed by 0.5 M compared to 0.1 M potassium
chloride.

Among the four different salts tested, potassium chloride was more
effective in stabilizing the structure of the ribosomes followed by ammonium
chloride. Both H. eurihalina logarithmic and stationary phase ribosomes
showed less susceptibility to RNase A in presence of optimum concentration
(0.25 M) of potassium chloride. It should be mentioned here that in moderate

halophiles, the dominant intracellular monovalent cation is K.

In presence of 0.25 M potassium glutamate ribosomes required more
concentration of RNase A to reach maximum degradation compared to 0.1 M
and 0.5 M potassium glutamate. Sodium chloride is the least effective among
the four salts used, thus resulted in maximum degradation of both logarithmic
and stationary phase ribosomes with less concentration of RNase A.

Effect of polyamines on the structure of ribosomes:

Polyamines play important role in maintaining the structure of nucleic
acid and nucleoprotein complexes. We studied the effect of polyamines on the
structure of ribosomes using RNase A as a probe. Ribosomes treated with
polyamines showed less susceptibility to RNase A compared to untreated
ribosomes (Fig: 28 and 29 A, B & C). However, polyamine treatment showed
more protective effect on E. coli ribosomes in comparison to halophilic

ribosomes.
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Spermine was more effective in stabilizing the ribosome structure
compared to spermidine as the concentration of spermidine required to offer
same extent of protection was double the concentration of spermine. These
results also show that although polyamine treatment resulted in marginal
increase of resistance towards RNase A treatment, halophilic ribosomes are

inherently resistant to RNase A treatment.

Effect of EtBr on the structure of ribosomes:

Accessibility of rRNA to intercalating agents and the effect of such
agents on the structure of ribosomes were also studied. EtBr treatmet of H.
eurihalina ribosomes was carried out to see the effect of intercalating agents on
halophilic ribosomes in comparison to mesophilic ribosomes. The degradation
profiles of EtBr treated E. coli, H. eurihalina logarithmic and stationary phase
ribosomes were given in Fig: 30A, B & C respectively. Results show that EtBr
treated ribosomes were little more susceptible to RNase A activity compared to
untreated ribosomes. H. eurihalina ribosomes treated with EtBr were more
resistant to RNase A activity in comparison to the similarly treated E. coli
ribosomes (Fig: 30A, B & C). H. eurihalina stationary phase ribosomes treated
with EtBr also showed equal resistance to RNase A activity on par with

logarithmic phase ribosomes.

These results show that H. eurihalina ribosomes were more resistant to
intercalation and the distortions caused by EtBr when compared to E. coli
ribosomes. Alternatively, these results also indicate that H. eurihalina
ribosomes are organized in such a way that their rRNA was not available for

intercalations by EtBr.
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Ribosome unfolding studies with urea:

We have investigated the effects of urea on the structural organization
of E. coli and H. eurihalina ribosomes, which would provide some indication
on the mechanism of the stability of ribosomes.

The unfolding of ribosome structure on addition of urea was detected
by the increase in the absorbance of the solution. Ribosomes were treated with
different concentrations of urea as described in methods. Fig: 31A shows the
absorption spectrum of E. coli and H. eurihalina logarithmic and stationary
phase ribosomes in respective normal buffers, recorded from 220 to 300 nm at

room temperature.

Absorption spectra were obtained at increasing concentration of urea, 2
M (Fig: 31B), 4 M (Fig: 31C), 6 M (Fig: 31D) and 8 M (Fig: 31E). At lower
urea concentrations (2 M and 4 M) there was not much difference in the
absorption spectra of E. coli and H. eurihalina ribosomes. However, at these
urea concentrations increased absorption was seen at around 230 nm in the case

of H. eurihalina ribosomes.

Striking differences in the unfolding of ribosomes by urea was observed
at 6 M urea. At this concentration, H. eurihalina logarithmic phase ribosomes
were unaffected by urea where as E. coli ribosomes unfolded completely. The
stationary phase ribosomes also unfolded at this urea concentration. At 8 M
urea concentration H. eurhalina logarithmic phase ribosomes were marginally

less unfolded than E. coli ribosomes.
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Structural studies on halophilic ribosomes

Ribosome is a complex of rRNA and proteins whose flexible
conformation is formed and stabilized by mutual interactions among its
components, which is influenced by specific monovalent and bivalent cations.
Thus, certain changes in the ionic environment which do not change the overall
structural properties of the ribosome do nevertheless change something in the
conformation of the component macromolecules, which may have drastic
effects on structure of the ribosome leading to variation in its functional
activity. It is further known that magnesium ions play central role in stabilizing
the structure of ribosome and optimum concentration of magnesium ion is
required to maintain the subunits in associated monomer form, structural

conformation and for the functional activity of the ribosome.

Structural studies of halophilic ribosomes were carried out by two
different sets of experiments. First set of experiments were carried out to
determine the ionic (magnesium ion) concentration required for the
dissociation of ribosomes into subunits. Second set of experiments include
studies on structural changes in ribosomes induced by agents like salts,

polyamines and intercalating agents using RNase A as a probe.
Magnesium ion dependent subunit dissociation

In order to observe the effect of reduced magnesium ion concentration
on H. eurihalina ribosomes, sucrose density gradient centrifugation studies,

hydrophobic interaction chromatography studies and light scattering studies

were carried out.
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i. Sucrose density gradient centrifugation:

Attempts were made to separate ribosomal subunits by sucrose density
gradient centrifugation, the most widely and generally used method for
separation of subunits. In spite of applying different conditions, none of them

resulted in dissociation of subunits.

a. On 5-20% gradients:

Centrifugation was carried out as described in methods. The sucrose
density gradient centrifugation profiles of dialyzed (0.2 mM magnesium
acetate) and undialyzed (10 mM magnesium acetate) E. coli ribosomes were
shown in Fig: 10A & B. It can be observed that ribosomes dialyzed against low
magnesium ion concentration resulted in dissociation of ribosomes represented
by two peaks (Fig: 10A), in comparison to undialyzed ribosomes (Fig: 10B).
The sucrose density gradient profiles of undialyzed (20 mM magnesium
acetate) H. eurihalina ribosomes were given in Fig: 10C & D. H. eurihalina
logarithmic phase ribosomes sedimented faster in comparison to stationary
phase and E. coli ribosomes. These results show that H. eurihalina logarithmic
phase ribosomes are more compact in comparison to E. coli ribosomes. H.
eurihalina stationary phase ribosomes are less compact than logarithmic phase
ribosomes and sedimentation pattern is similar to E. coli ribosomes on sucrose
density gradients. Thus 10-30% gradients were used for sucrose density
gradient studies of H. eurihalina ribosomes.

b. On 10-30% gradients:

Sucrose density gradient profiles of undialyzed (20 mM magnesium
aetate) logarithmic and stationary phase ribosomes and respective SDS-PAGE
analysis representing 70 S ribosomes were shown in Fig: 11A, B & C. Sucrose
density gradient profiles and respective SDS-PAGE analysis of logarithmic and
stationary phase ribosomes dialyzed against low magnesium ion concentration

(0.2 mM) and salt (as indicated in figures) as mentioned in methods were given
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in Fig: 12, 13, 14 & 15 (A, B & C). High salt concentration was used as it was
known to favor subunit dissociation. It can be observed that in presence of salts
70 S ribosomal particles are stripped off of some proteins and hence showed
lesser sedimentation rate compared to undialyzed 70 S ribosomes. Significant
decrease in sedimentation rate was observed in presence of potassium
glutamate in comparison with normal conditions indicating that more number
of proteins was stripped off in presence of potassium glutamate followed by
sodium chloride and ammonium chloride. In presence of potassium chloride
much decrease in sedimentation rate was not observed. In spite of using several
conditions the ribosome failed to dissociate as analyzed by sucrose density
gradient ultracentrifugation.

As the ribosomes did not dissociate in presence of low magnesium
concentration, sucrose density gradient centrifugation of S-30 was carried out
to observe the presence of native ribosomal subunits in H. eurihalina extracts.
The sucrose density gradient profile of undialyzed E. coli S-30 showed the
presence of 30 S, 50 S native ribosomal subunits along with 70 S ribosomes in
the cell lysate (Fig: 17). Sucrose density gradient profiles of undialyzed
logarithmic and stationary phase S-30 and their respective SDS-PAGE analysis
were given in Fig: 16A, B & C. Undialyzed S-30 sucrose density gradient
profiles showed the absence of 30 S and 50 S native ribosomal subunits with
only the presence of 70 S ribosome peaks in both logarithmic and stationary
phase cell lysates. It is possible that in H. eurihalina, ribosomes may be
existing completely in undissociated 70 S forms in the cell lysates.

H. eurihalina logarithmic and stationary phase ribosomes failed to
dissociate even under very low magnesium ion concentration viz., 0.2 mM.
These results show that ribosomal subunit dissociation is magnesium
concentration independent in the case of H. eurihalina and that the subunits are
held together tightly.
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Fig: 13. Sucrose density gradient profiles of 500 mM potassium chloride
dialyzed H. eurihalina ribosomes on 10-30% gradients. A. Logarithmic
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ribosome and lane 3: Stationary phase ribosomes.
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phase ribosomes. B. Stationary phase ribosomes. C. SDS-PAGE analysis of
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C. SDS-PAGE analysis of peak fractions. Lane 1: Molecular weight marker,
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ii. Hydrophobic interaction chromatography for the dissociation of

ribosomes:

Hydrophobic interaction chromatography involves the treatment of
ribosomes with high salt and subsequent chromatography on sepharose column
using reverse salt gradient. This method has been successfully used to separate
ribosomal subunits from E. coli (Krillov, 1978). Same procedure was followed
in the case of H. eurihalina ribosomes. Logarithmic and stationary phase H.
eurihalina ribosomes were eluted on Sepharose-4B column using reverse salt
gradient as described in methods. The Sepharose-4B reverse salt gradient
elution profiles of H. eurihalina ribosomes were shown in Fig: 18A & 19A.
Logarithmic phase ribosomal elution profile showed a very small peak A and a
broad peak B. Stationary phase ribosomal elution profile showed a sharp peak
A and a broad peak B which may represent heterogeneous unfolded ribosomal
particles. SDS-PAGE analysis of peak fractions was shown in Fig: 18B & 19B.
Despite the presence of different peaks in the elution profiles, SDS-PAGE
analysis clearly shows the undissociated ribosomal band pattern.

These results show that even hydrophobic interaction chromatography
of ribosomes with reverse salt gradient does not result in dissociation of
ribosomes indicating the strong association of ribosomal subunits in H.
eurihalina. This procedure was found to be not applicable for H. eurihalina

ribosomes.

Light scattering studies:

Light scattering studies have been employed to study ribosomal subunit
association and dissociation of 70 S ribosomes to subunits. Light scattering
studies were carried to observe the presence of magnesium dependent subunit
dissociation in H. eurihalina ribosomes. These studies were carried out
according to Zitomer and Flaks (1972) with few modifications. Maximum

scattering was taken as 100% 70 S formation.
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The dependence of light scattering on the increasing concentration of
ribosomes was checked as shown in Fig: 20. Relative scattering was found to
be linear up to the concentration of 6 Azs/ml, 3.2 Agxe/ml and 2.5 Aggo/ml
respectively for E. coli, H. eurihalina logarithmic and stationary phase
ribosomes. In subsequent studies, concentration of ribosomes used was 4
Agso/ml, 2 Aggo/ml and 1.6 Aggo/ml for E. coli, H. eurihalina logarithmic and

stationary phase ribosomes respectively.

The relative light scattering obtained for E. coli ribosomes was shown
in Fig: 21A. Decrease in the amount of light scattered indicate dissociation of
ribosomes into subunits. Fig: 21B & C show the relative light scattering
obtained for H. eurihalina logarithmic and stationary phase ribosomes. Even at
1 mM magnesium ion concentration, decrease in the amount of light scattered
was not observed (both logarithmic and stationary phase ribosomes). These
results indicate that H. eurihalina ribosomes (logarithmic and stationary phase)
failed to dissociate at low magnesium concentrations. This data further
supports the results obtained by sucrose density gradient studies and
hydrophobic interaction chromatography. H. eurihalina ribosomes do not

dissociate into subunits under variety of conditions.

Structural studies using different probes

Conformation of moderate halophilic ribosomes, was studied using
specific probes such as pancreatic RNase A (specifically acts on single
stranded RNA). The stability of halophilic ribosomes was studied in presence
of different salts in varying concentrations and their resistance to urea
treatment. The stability of moderate halophilic ribosomes was compared with
that of the mesophilic (E. coli) ribosomes under similar conditions.
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Fig: 18. Reverse salt gradient elution of H. eurihalina logarithmic phase
ribosomes. A. Elution profile. B. Lane 1: Molecular weight marker, lanes 2-5:
fractions 22, 55, 62 and 85 respectively.
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Fig: 19. Reverse salt gradient elution of H. eurihalina stationary phase
ribosomes. A. Elution profile. B. Lane 1: Molecular weight marker, lanes 2-5:

fractions 26, 45, 57 and 72 respectively.
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Measurement of the degradation of ribosomes by RNase A using

Spectrophotometry:

Low magnesium concentrations were used in all these experiments at
room temperature, as this causes large change in the conformation of the
treated and untreated ribosomes. The change in the conformation (unfolding)
was detected by their susceptibility to RNase A.

RNase A hydrolyzes the single stranded regions of r-RNA that are
available for its action in the ribosome. RNase A degradation causes increase
in the absorbance of the ribosomal solution (hyperchromicity) which was
measured in a spectrophotometer.

Measurement of the degradation of ribosomes in the presence of RNase
A was done as described in methods. The measurement was made immediately
after adding the enzyme until degradation reaches a plateau (Fig: 22A, B & C).

These results show that E. coli ribosomes required 0.3 ug of RNase A
to reach maximum amount of degradation. However, H. eurihalina logarithmic
phase ribosomes required 26 fold more concentration of RNase A i.e., 8 ug to
reach maximum amount of degradation, whereas, stationary phase ribosomes

required 10 fold more i.e., 4 pg to reach maximum amount of degradation.

However, the maximum hydrolysis obtained for H. eurihalina
logarithmic and stationary phase ribosomes was less compared to maximum
hydrolysis obtained for E. coli ribosomes. These results show that moderately
halophilic ribosomes are much more stable to RNase A treatment in
comparison to E. coli ribosomes. H. eurihalina stationary phase ribosomes are
more susceptible to hydrolysis by RNase A than the logarithmic phase
ribosomes, suggesting stationary phase ribosomes are more unfolded. This may
be due to missing of some primary rRNA binding proteins (eg: L2).
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Effect of magnesium on the structure of ribosomes:

The degradation of ribosomes was measured in UV-Visible
spectrophotometer, at different magnesium concentrations, by the increase in
absorbance at 260 nm (or the hyperchromicity obtained) in the presence of
RNase A. As seen from the Fig: 23A, B & C degradation of ribosomes was
more at low magnesium concentrations i.e., 0.1 mM magnesium concentration.
The degradation was less at higher magnesium ion concentration in case of
both E. coli and H. eurihalina (logarithmic and stationary phases) ribosomes.
However, it should be noted that in these experiments also E. coli ribosomes
were hydrolyzed with many fold less concentration of RNase A.

These results indicate that moderate halophilic ribosomes are more
compact and more resistant to degradation by RNase A at low magnesium

concentration compared to mesophilic ribosomes.

Effect of different salts and their concentrations on RNase A

sensitivity of H. eurihalina ribosomes:

These experiments were carried out to observe the effect of salts on
moderately halophilic ribosomes. H. eurihalina logarithmic and stationary
phase ribosomes were dialyzed against varying concentrations of different salts
and their susceptibility to RNase A was studied.

A control experiment was carried out with E. coli ribosomes and all the
salts used in the experiment, to observe the effect of high salt concentration on
RNase A activity (Fig: 24A). These results show that even at highest salt
concentrations (0.5 M) used in the following experiments, none of the salts

showed any inhibitory effect on enzymatic activity.
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Effect of ammonium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
ammonium chloride were given in Fig: 24B, C & D respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility in
presence of 0.25 M and 0.5 M ammonium chloride compared to 0.1 M

ammonium chloride.

Effect of potassium glutamate:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
potassium glutamate were shown in Fig: 25A, B & C respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility at 0.25
M potassium glutamate concentration compared to 0.5M and 0.1 M potassium
glutamate. The ribosomes in low and high salt concentrations reached the same
level of degradation with less concentration of RNase A in comparison to
ribosomes in 0.25 M salt. The optimal concentration of potassium glutamate
that minimizes the hydrolysis by RNase A is around 0.25 M concentration.

Effect of sodium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
sodium chloride were shown in Fig: 26A, B & C respectively. Both logarithmic
and stationary phase ribosomes showed maximum degradation with less
concentration of RNase A. Protection against RNase A degradation was not
observed at any salt concentration. These results show that sodium chloride has
an unfolding effect on the ribosomes.
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Effect of potassium chloride:

The degradation profiles of H. eurihalina logarithmic and stationary
phase ribosomes in the presence of buffers containing 0.1 M, 0.25 M and 0.5 M
potassium chloride were shown in Fig: 27A, B & C respectively. Both
logarithmic and stationary phase ribosomes showed less susceptibility in
presence of potassium chloride. Protection was maximum at 0.25 M potassium
chloride concentration followed by 0.5 M compared to 0.1 M potassium
chloride.

Among the four different salts tested, potassium chloride was more
effective in stabilizing the structure of the ribosomes followed by ammonium
chloride. Both H. eurihalina logarithmic and stationary phase ribosomes
showed less susceptibility to RNase A in presence of optimum concentration
(0.25 M) of potassium chloride. It should be mentioned here that in moderate

halophiles, the dominant intracellular monovalent cation is K.

In presence of 0.25 M potassium glutamate ribosomes required more
concentration of RNase A to reach maximum degradation compared to 0.1 M
and 0.5 M potassium glutamate. Sodium chloride is the least effective among
the four salts used, thus resulted in maximum degradation of both logarithmic
and stationary phase ribosomes with less concentration of RNase A.

Effect of polyamines on the structure of ribosomes:

Polyamines play important role in maintaining the structure of nucleic
acid and nucleoprotein complexes. We studied the effect of polyamines on the
structure of ribosomes using RNase A as a probe. Ribosomes treated with
polyamines showed less susceptibility to RNase A compared to untreated
ribosomes (Fig: 28 and 29 A, B & C). However, polyamine treatment showed
more protective effect on E. coli ribosomes in comparison to halophilic

ribosomes.
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Spermine was more effective in stabilizing the ribosome structure
compared to spermidine as the concentration of spermidine required to offer
same extent of protection was double the concentration of spermine. These
results also show that although polyamine treatment resulted in marginal
increase of resistance towards RNase A treatment, halophilic ribosomes are

inherently resistant to RNase A treatment.

Effect of EtBr on the structure of ribosomes:

Accessibility of rRNA to intercalating agents and the effect of such
agents on the structure of ribosomes were also studied. EtBr treatmet of H.
eurihalina ribosomes was carried out to see the effect of intercalating agents on
halophilic ribosomes in comparison to mesophilic ribosomes. The degradation
profiles of EtBr treated E. coli, H. eurihalina logarithmic and stationary phase
ribosomes were given in Fig: 30A, B & C respectively. Results show that EtBr
treated ribosomes were little more susceptible to RNase A activity compared to
untreated ribosomes. H. eurihalina ribosomes treated with EtBr were more
resistant to RNase A activity in comparison to the similarly treated E. coli
ribosomes (Fig: 30A, B & C). H. eurihalina stationary phase ribosomes treated
with EtBr also showed equal resistance to RNase A activity on par with

logarithmic phase ribosomes.

These results show that H. eurihalina ribosomes were more resistant to
intercalation and the distortions caused by EtBr when compared to E. coli
ribosomes. Alternatively, these results also indicate that H. eurihalina
ribosomes are organized in such a way that their rRNA was not available for

intercalations by EtBr.
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Ribosome unfolding studies with urea:

We have investigated the effects of urea on the structural organization
of E. coli and H. eurihalina ribosomes, which would provide some indication
on the mechanism of the stability of ribosomes.

The unfolding of ribosome structure on addition of urea was detected
by the increase in the absorbance of the solution. Ribosomes were treated with
different concentrations of urea as described in methods. Fig: 31A shows the
absorption spectrum of E. coli and H. eurihalina logarithmic and stationary
phase ribosomes in respective normal buffers, recorded from 220 to 300 nm at

room temperature.

Absorption spectra were obtained at increasing concentration of urea, 2
M (Fig: 31B), 4 M (Fig: 31C), 6 M (Fig: 31D) and 8 M (Fig: 31E). At lower
urea concentrations (2 M and 4 M) there was not much difference in the
absorption spectra of E. coli and H. eurihalina ribosomes. However, at these
urea concentrations increased absorption was seen at around 230 nm in the case

of H. eurihalina ribosomes.

Striking differences in the unfolding of ribosomes by urea was observed
at 6 M urea. At this concentration, H. eurihalina logarithmic phase ribosomes
were unaffected by urea where as E. coli ribosomes unfolded completely. The
stationary phase ribosomes also unfolded at this urea concentration. At 8 M
urea concentration H. eurhalina logarithmic phase ribosomes were marginally

less unfolded than E. coli ribosomes.
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RNase A. A. E. coli ribosomes. B. H. eurihalina logarithmic phase ribosomes.

C. H. eurihalina stationary phase ribosomes.
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Proteomic studies of ribosomal proteins

We have carried out proteomic studies of H. eurihalina ribosomal
proteins to identify their identity as described in methods section. We wanted
to perform proteomic studies of H. eurihalina ribosomal proteins after two-
dimensional gel electrophoresis of 30 S and 50 S ribosomal proteins separately.
However, we were unable to do that way as we failed to find conditions for the
dissociation of 70 S ribosomes. Hence we performed proteomic studies after

two- dimensional gel electrophoresis of 70 S proteins.

The data generated was used to search prokaryotic, eukaryotic and
archaeal domains in Swiss-Prot and NCBInr databases using MASCOT search
software. The identified peptide sequences were used to search non-redundant
proteins sequences database for homologous protein sequences using BLAST.
The FASTA-format protein sequences thus obtained were used to carry out
multiple sequence alignments using ClustalX2.1.

Numbering of ribosomal proteins:

For carrying out proteomic studies, numbering of ribosomal proteins
was given. Numbers were given for ribosomal spots based on their respective
electrophoretic mobilities on two dimensional gels. The numbering of
logarithmic and stationary phase ribosomal proteins was given in Fig: 32 A &

B respectively.

The results showed that in logarithmic phase gels 65 spots were present.
In stationary phase gels, some of the spots were found to be missing. The
missed spots were 4, 5, 9, 14, 38, 44, 48, 56 and 58. Spots 7, 15, 24, 26, 27, 39,
40, 42, 49, 53, 57, 59, 61, 63, 64 and 65 have shown substantial decrease in
protein concentration. Some of the spots like 1, 2, 3, 8, 16, 17, 23, 25, 28, 30

and 45 have shown increase in protein concentration.
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Identification of ribosomal proteins by MALDI-TOF MS analyses:

From H. eurihalina ribosomes, apart from S1 protein (Chapter: 4), 26
proteins were identified including homologs of bacterial S2, S3, S5, S7, S8,
S12, S15, S19, L1, L2, L5, L6, L11, L13, L14, L17, L19, L22, L27, L30, L31.
Some proteins like L1, L27, S7, S8 and S15 were present in either two
isoforms or truncated forms and both forms showed homology to same protein.
Two forms of same protein were labelled as a and b forms (eg: L1a and L1b,
Fig: 33A & B). Some spots did not resolve completely into discrete spots and
hence could not be picked with precision for MALDI-TOF MS analyses. These
spots include 9-11, 12-14 and 32-37 which did not show properly defined
margins. For rest of the spots good spectrum was not obtained.

Two- dimensional gel of logarithmic phase ribosomal proteins along
with identified ribosomal protein homologs was given in Fig: 33A. Proteins
which showed similar identity were encircled together in red. It should also be
noted that all of them were in closer proximity to the proteins showing similar
identity. Some spots did not show homology to any protein in the databases,
even though a good spectrum was obtained. They were marked with a question
mark symbol. These results indicate at the possible presence of ribosomal
proteins or proteins strongly associated to ribosomes, unique to H. eurihalina.
Two- dimensional gel of stationary phase ribosomal proteins along with spot
identities were given in Fig: 33B. Missed spots were encircled in red. For
identified spots missing in stationary phase, red font was used. Identified
missing spots in stationary phase include L2, S12 and L19. Among missing
spots, spot 5 did not show homology to any protein even though a good

spectrum was obtained.
L2 is a primary rRNA binding protein of 50 S ribosomal subunit. It is

required for association of 30 S and 50 S subunits to form 70 S ribosome,
tRNA binding to A and P sites (Diedrich, 2000). L2 is so highly conserved
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that archaebacterial and even human isoforms of the protein can be

functionally reconstituted in E. coli ribosomes (Uhlein et al., 1998).

S12 is a vital component of the A-site of the 30S ribosomal subunit. It
is involved in both tRNA selection and resistance to streptomycin (Allen and
Noller, 1989; Funatsu and Wittmann, 1972). Mutations in rpsL coding for
ribosomal protein S12 are known to affect ribosomal accuracy to various
extents, resulting in error-restrictive or non-restrictive S12 alterations (Kurland
et al., 1996). It is also shown that S12 functions as a control element along with
S13 for rRNA and tRNA driven movements of translocation and thus
maintaining translational accuracy (Cukras et al., 2003).

Ribosomal protein L19 belongs to L19E family of proteins. It was
found to be expressed 5 fold higher in malignant human cell lines in
comparison to their benign counterparts and is a prognostic marker for human

prostate cancer (Bee et al, 2006).

These results show that many of the ribosomal proteins exhibit growth
phase coupled variation in H. eurihalina. These results correlate to the earlier
findings in the present study i.e., slow sedimentation rate on sucrose density
gradients and higher susceptibility of stationary phase ribosomes to RNase A
and urea in comparison to logarithmic phase ribosomes. This may be due to
absence of some of the ribosomal proteins and resulting in completely folded
or partially unfolded ribosomal particles thus making the stationary phase
ribosomes more susceptible to RNase A activity. In view of the functions of the
proteins L2 and S12, which were lacking totally in stationary phase, it is
possible that stationary phase ribosomes are functionally inactive. This may be
the mechanism adapted by the organism to control translation during stationary

phase.
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Ribosomal proteins which showed growth cycle coupled variation
along with their identities were given in Table: 1. Among the 65 proteins, 35
proteins showed growth phase dependent variation.

Spots that showed significant decrease in stationary phase gels were
identified as L5 (15), S7a (24), L13 (26), L17 (40), L22 (42), S15b (53), S19
(59), L27b (63) and L30 (65). Spots 39 and 64 did not show homology to any
protein even after obtaining good spectrum. Good spectrum was not obtained
for spots 7, 27, 49, 57 and 61.

Ribosomal protein L5 binds to 5 S rRNA to form stable 5 S
ribonucleoprotein particle complex in eukaryotes. S7 is a primary rRNA
binding protein of 30 S subunit. It binds and organizes the folding of 3* domain
of 16 S rRNA and enables the subsequential binding of other ribosomal
proteins to form head of the 30 S subunit (White et al., 2000). L13 is known to
be one of the early assembly proteins of large subunit. Ribosomal protein L17
constitutes part of the E (exit) site of ribosome. In mammals, ribosomal protein
L22 binds heparin in brain and is known as heparin binding protein HBp 15
(Fujita et al., 1994). S15 is a primary rRNA binding protein. S19 is a secondary
rRNA binding protein. N-terminus of L27 extends into peptidyl tranferase
center (Selmer, 2006). Ribosomal protein L30 is a component of the machinery
involved in translational recoding of UGA as selenocysteine in eukaryotes
(Chavatte et al., 2005).

These results show that the spots which decreased in stationary phase

have vital role in ribosomal assembly and function.

Spots S2 (2), L1a (3), S3 (8), L6 (16), S8a (23), S7b (25), S8b (28) and
S15a (45) were identified among those spots which showed increase in protein
concentration in stationary phase in comparison to logarithmic phase. Spot 30
did not show homology to any protein even after obtaining good spectrum.
Good spectrum was not obtained for spots 1 and 17.
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Ribosomal protein S2 is essential for the binding of S1 to 30 S subunit
and S2 is involved in the formation of initiation complex. Ribosomal protein
L1 is a primary rRNA binding protein (Zimmermann, 1980). L6 is located at
the aminoacyl t-RNA binding site of peptidyl transferase center and is known
to bind 23 S rRNA directly. S7 and S8 are primary rRNA binding proteins and
S8 participates in the translational regulation of ribosomal protein expression
(Kalurachchi, 1997).

These results show that both forms of S8 were increased in stationary
phase ribosomes along with S2, S3, L1a, L6, S7b and S15a. It should also be
noted that among the two different forms of S7 and S15 identified one form
increased in concentration while other form decreased for both the proteins
during stationary phase.

All the identified ribosomal proteins along with their identities and
molecular masses were given in Table: 2. The organisms represented in the

table showed highest homology to the peptides.

These results showed that the molecular masses of all the identified
ribosomal proteins were within the range of 30 kDa—6 kDa. Although the
search was performed among all three domains of life, most of the ribosomal
proteins were homologous to ribosomal proteins of other bacteria. Homology
was found with ribosomal proteins of bacteria belonging to phyla Firmicutes
(eg: L1, L2, L5, L6, L11, L13, L17, L22, L27 & S8, S19), Proteobacteria (eg:
S2, S5, S7, S8, S12, S15, S15, L1, L14, L31), Actinobacteria (eg: L19, L27 &
L30), Euryarchaeota (eg: S3) and Cyanobacteria (eg: S7).

These observations show that ribosomal proteins of moderate halophile
are homologous to ribosomal proteins of eubacteria distributed among different
phyla and kingdoms. It should be noted that majority of the proteins were

found to be homologous to ribosomal proteins of organisms from Firmicutes,
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Spot number ldentity Logarithmic phase Stationary phase

1 ? + N
2 S2 + ™
3 Lla + ™
4 L2 + -
5 He + -
7 ? + N2
8 S3 + ™
9 ? + -
14 ? + -
15 L5 + N2
16 L6 + ™
17 ? + ™
23 S8a + ™
24 S7a + N2
25 S7b + ™
26 L13 + N2
27 ? + N2
28 S8b + ™
30 He + ™
38 S12 + -
39 He + N2
40 L17 + N2
42 L22 + N2
44 L19 + -
45 S15a + ™
48 ? + -
49 ? + N
53 S15b + N2
56 ? + -
57 ? + N2
58 ? + }
59 S19 + N
61 ? + N
63 L27b + N
64 He + N2
65 L30 + N

Table: 1. Growth phase dependent variation of ribosomal proteins in H.
eurihalina. For identified spots, spot identity was given. ?, unidentified spot;
He, no homology to any protein; {,, decrease in concentration; 1, increase in
concentration.
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Spot number Identity

2 S2
3 Lla
4 L2
5 He
6 L1b
8 S3
15 L5
16 L6
20 S5
22 L11
23 S8a
24 S7a
25 S7b
26 L13
28 S8b
30 He
31 L14
38 S12
39 He
40 L17
42 L22
44 L19
45 S15a
51 L31
52 He
53 S15b
59 S19
62 L27a
63 L27 b
64 He
65 L30

Species
Acinetobacter
Psychrobacter

Staphylococcus
Staphylococcus
Thermococcus
Aerococcus
Staphylococcus
Moorella
Staphylococcus
Xanthomonas
Synechococcus
Acinetobacter
Bacillus
Staphylococcus
Psychrobacter
Acidovorax
Staphylococcus
Macrococcus
Bifidobacterium
Sphingopyxis
Psychrobacter
Psychrobacter
Natranaerobius
Anoxybacillus
Bifidobacterium

Kineococcus

Table: 2. Identification of ribosomal proteins by

analyses.

He, spots with no homologous hits.

Molecular weight

27.5 kDa
24.6 kDa
30.3 kDa
25.0 kDa
23.3 kDa
20.2 kDa
19.6 kDa
17.1 kDa
14.9 kDa
14.3 kDa
17.7 kDa
17.6 kDa
16.3 kDa
14.7 kDa
13.4 kDa
13.9 kDa
13.7 kDa
13.6 kDa
13.6 kDa
10.3 kDa
10.6 kDa
10.1 kDa
10.7 kDa
10.5 kDa
8.9 kDa

6.7 kDa

MALDI-TOF MS
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Peptide sequence

R.DLLOAGAHFGHOTR.F
K.NLGIPVIGIVDTNSNPDNVDYVIPGNDDAIR.A
K.MGPYIFGAR.N
R.VVGOLGTILGPR.G
K.ESIDIAVNLGVDPR.K
K.FKESIDIAVNLGVDPR.K

K. AGNMDFDVVIAAPDAMR.V
R.SANIALLVYADGEKR.Y
R.GSVMNPNDHPHGGGEGR.A
K.ETSVANFDASVEVAFR.L
K.VIIFAASPGYVIGRGGR.R
R.MYEFFDKLVTVSLPR.V
R.YOGEYVR.R
K.DLVLNVGYSHPVEIK.A
R.NLEIVGIGYR.A
K.VLLKPAAPGTGVIAGGPVR.A
R.TOEOAGLIIPVEISVYEDR.S
K.SPPAAFLLR.K
K.YFEGRPVIETLKR.F
R.ILYSAFDLIOER.T
R.VGGSNYOQVPVEVRPERR.T
K.AFSHYRF.
K.VLNGLGIALVSTSEGVVTDKEAR.K
K.SVEYIEDDKOGVIR.M
R.FDDNAAVLLNON KAPIATR.I
M.PTINOLVR.O
R.RGDGAESVIIELV.
K.LFNDLGPR.F

R.LVLDLIR.G
K.DIHPNYOEVLFHDTNADVFFLTR.S
K.HVPVFITEDMVGHKLGEFAPTR.T
R.ADGOFVTGGSILYR.O
K.RADGOFVTGGSILYR.O
K.VTOINSGIGR.K

m/z

1551.01
3281.07
1027.62
1209.71
1497.76
1772.92
1824.79
1619.83
1733.60
1741.84
1733.13
1861.16
914.44
1682.89
1133.65
1773.06
2160.17
971.58
1608.12
1468.00
1942.36
927.61
2328.88
1651.22
2071.72
940.45
1358.10
931.77
841.81
2792.36
2496.16
1484.13
1640.32
1044.96

Spot no

0 o A B W W W WD NN

o o o G o A B OB WOWN DN DN DN DNDNDDNDNDDNDNDN R R R,
a N N © P N O O 0 Pk, O O A b B W N DN O O O O O

Protein ID

RS2
RS2
RS2
RL1
RL1
RL1
RL1
RL2
RL2
RL1
RS3
RL5
RL6
RL6
RL6
RS5
RL11
RL11
RS8
RS7
RS7
RS7
RS8
RS8
RL14
RS12
RL17
RL17
RL22
RL31
RS19
RL27
RL27
RL30

Table: 3. Matching peptide sequences along with m/z values of H.

eurihalina ribosomal proteins.
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Proteobacteria and Actinobacteria. Only one ribosomal protein each was
found to be homologous to organisms from phyla Euryarchaeota (S3) and
Cyanobacteria (S7). These results show that most of the ribosomal proteins are
homologous to ribosomal proteins of eubacteria, only one was homologous to
ribosomal protein of euryarchaeota and none of them were found to be

homologous to ribosomal proteins of eukaryotes.

Matching peptide sequences of the proteins along with their identities
were given in Table: 3. Peptides with fewer score for whole peptide match
were not presented in the table. Proteins only with PMF score, without peptide
match were also not included in the table.

However, significant matches were considered and given in the data
presented under Fig: 34 (spot2-spot65). Spectra obtained for the all the spots
along with the most significant hits were presented in detail under Fig: 34
(spot2-spot65). For those spots with good spectra and no significant hits, only

spectra were given.

Multiple sequence alignments were performed for the peptide
sequences obtained by MALDI-TOF MS analyses and BLAST search
generated protein sequences using ClustalX2. Results were given under Fig:
35A-U.

S2 peptide (m/z 1551.01) was of 16 amino acids and was found to be
homologous to N-terminal end 34-48 amino acids of S2 protein from other
eubacteria (Fig: 35Ai). 33 amino acid peptide (m/z 3281.07) was found to be
homologous to 182-214 sequence of S2 protein (Fig: 35Aii). Both the peptides
showed extensive homology to different species of Acinetobacter.

Lla peptide (m/z 1497.76) was of 16 amino acid residues and was
found to be homologous to 39-54 position of L1 (Fig: 35Bi). Peptide (m/z
1772.92) was of 18 amino acid residues and showed homology to 37-54
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position (Fig: 35Bii). 19 amino acid residue peptide (m/z 1824.79) was
homologous to 105-123 position (Fig: 35Biii). L1a peptide (m/z 1209.71) was
of 14 amino acids and showed homology to 122-135 residues of L1 protein
from other eubacteria (Fig: 35Biv). These peptides showed extensively

homology to Psychrobacter species.

L2 peptide (m/z 1619.75) was of 17 amino acid residues and showed
homology to 89-105 position (Fig: 35Ci). 19 amino acid peptide (m/z 1733.60)
was found to be homologous to 225-243 position (Fig: 35Cii). This peptide
was found to be highly conserved among all the genera. Both peptides showed

extensive homology to Staphylococcus species.

L1b peptide (m/z 1741.84) was of 18 amino acid residues and showed
homology to 45-62 position of L1 of other eubacteria (Fig:35D). The peptide

showed extensive homology to Staphylococcus species.

S3 peptide (m/z 1733.13) was of 19 amino acid residues and showed
homology to 66-82 position of S3. This peptide showed extensive homology to
Thermococcus and Pyrococcus species of Euryarchaeota (Fig: 35E). The
peptide also showed homology to other eubacteria like Clostridium species.

L5 peptide (m/z 1861.16) was of 17 amino acid residues and showed
homology to 96-112 position (Fig: 35F). The peptide showed extensive

homology to Streptococcus species.

L6 peptide (m/z 1682.89) was of 17 amino acids and showed homology
to 102-118 position. The peptide showed extensive homology to Streptococcus
species. It also showed homology to Synechococcus, a unicellular
cyanobacterium (Fig: 35G).
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S5 peptide (m/z 1773.06) was of 21 amino acid residues and showed
homology to 99-119 position. The peptide showed extensive homology to

Thermincola species (Fig: 35H).

L11 peptide (m/z 2160.17) was of 21 amino acid residues and showed
homology to 68-88 position. The peptide showed extensive homology to

Staphylococcus species (Fig: 351).

S8a peptide (m/z 1608.12) was of 15 amino acid residues and showed
homology to 66-80 position. The peptide showed extensive homology to

Xanthomonas species (Fig: 35J).

S7a peptide (m/z 1468.00) was of 14 amino acid residues and showed
homology to 41-54 position. The peptide showed extensive homology to
Synechococcus species (Fig: 35Ki). Peptide (m/z 1942.36) was of 19 amino
acid residues and showed homology to 79-107 position of S7 protein. The

peptide showed extensive homology to Streptococcus species (Fig: 35Kii).

S8b peptide (m/z 2328.88) was of 25 amino acid residues and showed
homology to 97-121 position (Fig: 35Li). Peptide (m/z 1651.22) was of 16
amino acid residues and showed homology to 47-62 position of S8 position
(Fig: 35Lii). Both the peptides showed extensive homology to Staphylococcus

species.

L14 peptide (m/z 2071.72) was of 21 amino acid residues and showed
homology to 88-108 position. The peptide showed extensive homology to
Psychrobacter species. The peptide also showed homology to Pichia pastoris
(Fig: 35M).

L17 peptide (m/z 1358.10) was of 14 amino acid residues and showed
homology to 114-127 position. The peptide showed extensive homology to
Staphylococcus species (Fig: 35N).
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L22 peptide (m/z 1349.08) was of 14 amino acid residues and showed
homology to 77-90 position. The peptide showed extensive homology to
Staphylococcus species (Fig: 350).

L19 PMF sequence was of 33 amino acid residues and showed
homology to 38-66 position. The peptide showed extensive homology to
Bifidobacterium species (Fig: 35P).

S15 PMF sequence was of 25 amino acid residues and showed
homology to 45-69 position. The peptide showed extensive homology to
Sphingopyxis species (Fig: 35Q).

L31 peptide (m/z 2792.36) was of 25 amino acid residues and showed
homology to 3-27 position. The peptide showed extensive homology to
Psychrobacter species (Fig: 35R).

S19 peptide (m/z 2496.16) was of 24 amino acid residues and showed
homology to 56-79 position. The peptide showed extensive homology to
Phascolarctobacterium species (Fig: 35S).

L27a peptide (m/z 1484.13) was of 16 amino acids and showed
homology to 36-51 position (Fig: 35Ti). Peptide (m/z 1640.32) was of 17
amino acids and showed homology to 35-51 position (Fig: 35Tii). Both the
peptides showed extensive homology to Listeria species

L27b peptide (m/z 1529.93) was of 17 amino acids and showed
homology to 24-40 position. Peptides showed extensive homology to
Parascardovia species (Fig: 35U).

The above results on multiple sequence alignment indicate strong
homology of majority of ribosomal proteins of H. eurihalina to eubacteria
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(both gram positive and gram negative), although the results showed greater
similarity to gram positive species. None of the ribosomal proteins showed
similarity to extreme halophilic archaeal ribosomal proteins.
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Fig: 34. In-gel digestion of ribosomal proteins
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GCH4 PSEU2 GTP cyclohydrolase folE2 0S=Pscudowonss syringas pv. Syringae (Strain B728a) GN=folE2 PE=3 SV=1

POTC_MAETH Spermidine/putrescine transport system permease protein porc OS=Haswophilus influsnzae GN=potC PE=3 SV=1

¥4313 AMADE UPFO27Z protein hdeh 4313 OS=Anaeromyxcbacter dehalogenans (strain 2CP-C) GN=Adeh 4313 PE=3 V=1

RS2 ROSDO 305 ribosomal protein S2 OS=Roseobacter denitrificans (strain ATCC 33942 / OCh 114) GN=rpsB PE=3 SV=1

Esit

i

Mascot Score Histogram

Tons score is -10*Log(P), where P is the probability that the observed match is a random cvent
Individual icns scores > 36 indicate identity or cxtensive homology (p<0.05)
Protein scores are derived Fom ions scores as a nen-probabilistic basis for ranking protein hits.

Number of Hits

100
Protein Score

RS2 _ACIAD Mass: 27507 Score: 120 Matches: 2(2) Sequences: 2(2)

30S ribosomal protein S2 0S=Acinetobacter sp. (strain ADP1l) GN=rpsB
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1551.0149 1550.0076 1549.7750 150 0 81 1.4e-06 1 R.DLLQAGAHFGHQTR.F

3281.0785 3280.0712 3278.6419 436 0 38 0.028 1 U  K.NLGIPVIGIVDTNSNPD
NVDYVIPGNDDAIR.A

RS2 _PSYA2 Mass: 28866 Score: 94 Matches: 2(1) Sequences: 2(1)
30S ribosomal protein S2 0S=Psychrobacter arcticus

(strain DSM 17307 / 273-4) GN=rpsB PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1027.6287 1026.6214 1026.4957 123 O 13 12 1 u K.MGPYIFGAR.N
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1551.0149 1550.0076 1549.7750 150 O 81 1.4e-06 1 R .DLLQAGAHFGHQTR.F
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Query results:

{itiice) Mascot Search Results =

User : Monica Kannan

Email : monica kannan2001€yahoo.co.in
Search title
MS data file
Database

Clsar

ATA . TXT
SwissProt 2010 12 (523151 sequences; 184678199 residues) Getall
Taxonomy : Bacteria (Eubacteria) (324704 sequences)
Timestamp 24 Dec 2010 at 06:09:27 GMT Get Hit(s)
Protein hits : RL1 PSYA? 505 ribosomal protein L1 O5=Psychrobacter arcticus (strain DSN 17307 / 273-4) GN=rpld PE=3 3V=1

RL1 PSYWF 5035 ribosomal protein L1 O3=Psychrobacter sp. (strain PRwf-1) GN=rpld PE=3 5V=1

RL1 ACIAD 5035 ribosomal protein L1 OS=Acinetobacter sp. (strain ADP1) GN=rpld PE=3 SV=1

RL1 XANAC 505 ribosowal protein L1 OS=Xanthowonas axonopodis pv. citri GN=rplh PE=3 5¥=1

RL1 ACIAC 5035 ribosomal protein L1 OS=Acidovorax avenae subsp. citrulli (strain AACO0-1) GN=rpld PE=3 3¥=1

PGK RHILY Phosphoglycerate kinase O3=Rhizebium leguminosarum bv, trifolii (strain WSM2304) GN=pgk PE=3 3v=1

GPMB_PHOLL Probeble phosphoglycerate mutase gpmB OS=Photorhehdus luminescens subsp. lawmondii GH=gpmB PE=3 SV=1

MRAZ_TDTLO Protein MraZ OS=Idiomarina loihiensis GN=mraZ PE=3 S5¥=1

RIMK SHEPA Ribosowal protein $6 modification protein OS=Shewanella pealeana (strain ATCC 700345 / ANG-3Q1) GN-rimK PE=3 S¥=1

SYFB_COXBU Phenylalanyl-tRNL synthetase beta chain 05=Coxiella burnetii GN=pheT PE=3 5V=1

PYRG POLNS CTP synthase O%=Polynuclechacter necessarius (strain 3TIR1) GN=pyrG PE=3 3V=1

MHMC LEPCP tENA S-methylaminomethyl-Z-thiouridine biosynthesis bifunctional protein mmmC CS=Leptothrix cholodnii (strain ATCC

RLMH BORA1 Ribosomal RNA large subunit methyltransferase N O03=Bordetella aviuw (strain 197N) GN=rlml PE=3 5V=1

HUTI HERA2 Imidazolonepropionase OS=Herpetosiphon aurantiacus (strain ATCC 23779 / DSM 785) GN=hutl PE=3 SV=1

DER BURPP GTPase Der OS=Burkholderia phytofirwems (strain DSM 17436 / PsJN) GM=der PE=3 5V=1

TRPD VESOH Anthranilate phosphoribosyltransferase OS=Vesicomyosocius okutanii subsp. Calyptogena okutanii (strain HA] GH=trpD

PGK CORDI Phosphoglycerate kinase O3=Corynebacterium diphtherise GN=pgk PE=3 SV=1

e f L

Exit

LSRN

LIMB_RHOER Linonene 1,Z-monooxygenase OS=Rhodococcus erythropolis GN=limB PE=1 SV=1
PHOL_ECOLT PhoB-like protein OS=Escherichia coli [strain K12) GN=yhel PE=1 5V=2
DNLJ_SOLUE DNi ligase 03=Solibacter usitatus (strain E1lin€076) GN=ligh PE=3 §V=1

Mascot Score Histogram
Tons score is - 10*Log(F), where P is the probability that the observed match is a random event

Individual fons scores » 37 indicate identity or extensive homelogy (p<0.05)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

Humber of Hits

Protein Score

RL1 PSYA2 Mass: 24696 Score: 257 Matches: 4(4) Sequences: 4(4)
50S ribosomal protein L1 0S=Psychrobacter arcticus
(strain DSM 17307 / 273-4) GN=rplA PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1209.7199 1208.7126 1208.7241 -9.54 0 98 4.7e-08 1 R.VVGQLGTILGPR.G

1497.7661 1496.7588 1496.7835 -16.46 0 69 4.8e-05 1 U K.ESIDIAVNLGVDPR.K

1772.9207 1771.9135 1771.9468 -18.83 1 45 0.012 1 u K.FKESIDIAVNLGVDPR.K
1824.7936 1823.7863 1823.8182 -17.48 0 45 0.0089 1 u K.AGNMDFDVV IAAPDAMR .V
+ 2 Oxidation (M)

Prot

ns matching the same set of peptides:

RL1 PSYCK Mass: 24670 Score: 257 Matches: 4(4) Sequences: 4(4)

50S ribosomal protein L1 0S=Psychrobacter cryohalolentis
(strain K5) GN=rplA PE=3 Sv=1
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MATRIX,
{scievcrs Mascot Search Results =
User : Monica Kannan
Email : monica kannan2001@yahoo.co.in
Search title H
MS data File  : DATA.TXT | Cexr
Datahase : SwissProt 2011 03 (525997 sequences; 185874894 residues) Get Al
Taxonomy : Bacteria (Eubacteria) (325441 sequences)
Timestamp : 21 Mar 2011 at 10:00:54 GMT Get Hitls)
Protein hits : RL2 STACT 503 ribosowal protein L2 O3=3taphylococcus carnosus (strain TM300) GN=rplB PE=3 V=1

RL2 CLOD6 505 ribosowal protein L2 O%=Clostridium difficile (strain 630) GN=rplB PE=3 V=1

GL02 SYWJA Hydroxyacylglutathione hydrolase OS=Synechococcus sp. (strain JA-3-3ib) G=gloB PE=3 5V=1

ARGR ACTBL Arginine repressor OS=Acidobacteria bacterium (strain E11in345) GN=argR PE=3 5V=1

MIGA XAMAC Monofunctional biosynthetic peptidoglycen transglycosylase OS=Xenthomonas axonopodis pv. citri GN=mtgh PE=3 SV=1
ARGI CHRVO Arginine binsynthesis bifunctional protein irgd O3=Chromchacterium violacewn GN=argd PE=3 Sv=1

RIMB BORBR 235 rBENA (guanosine-2'-0-)-methyltransferase RlmE OS=Bordetella bronchiseptica GN=rlmB PE=3 3V=1

ACSA METRT Aicetyl-coenzyme A synthetase OS=Methylobacterium radiotolerans (strain ATCC 27329 / DSM 1819 / JCN 2831) Gll=acsh P
TILS BIFLD tRNA(Ile)-lysidine synthase 0S=Bifidobacterium longum (strain DJOL0A) GN=til§ PE=3 Sv=1

Y1100 _DEIRA UFFO176 protein DR 1100 OS=Deinococcus radiodurans GN=DR 1100 PE=3 5V=1

MPAZ LACDA Protein MraZ O3=Lactobacillus delbrueckii subsp. bulgaricus (strain ATCC 11842 / DSN 20081) GN=mral PE=3 5V=1
KATG FLAT1 Catalase-peroxidase O5=Flavobacterium johnsoniae (strain ATCC 17061 / DSN 2064 / UW1D1) GN=katG PE=3 5V=1

APT CHLAR  idenine phosphoribosyltransferase OS=Chloroflexus surantiacus (strain ATCC 23366 / DM 635 / J-10-fl) GN=apt PE=3
BL2 MOOTA 505 ribosomal protein LZ O%=Noorella thermoacetica (strain ATCC 359073) GN=rplB PE=3 SV=1

THIC SALCH Phosphowethylpyrimidine synthase 05=Salwonella choleraesuis GN=thiC PE=3 5W=1

THIC SALDC FPhosphomethylpyrimidine synthase OF=Salmonella dublin (strain CT 02021853%) GN=thiC PE=3 3V=1

THIC BACP? Phosphowethylpyrimidine synthase O3=Bacillus pumilus (strain SAFR-032) Gi=thiC PE=3 5V=1

RL2 BURPP 505 ribosowal protein L2 OS=Burkholderia phytofirmans (strain DSN 17436 / PsdN) GN=rplB PE=3 SV=1

RL17 FRAAA 505 ribosowal protein L17 OS=Frankia alni (strain ACN14a) GN=rplQ PE=3 5¥=1

RL321 SACEN 505 ribosomal protein L3Z 1 OS=Smccharopolyspora erythraea (strain NRRL 23338) C=rpmF1 PE=3 SV=1

Exit

Bl F el [

Mascot Score Histogram

Tons score is - 10*Log(P), where P is the probability that the observed match is a random event
Tndividual ions scores = 39 indicate identity or extensive homology (p=0.03)
Protein scores are derived from dons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

20 40 B0 80 100 1z0
Protein Score

RL2 STACT Mass: 30302 Score: 120 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L2 0S=Staphylococcus carnosus (strain TM300)
GN=rplIB PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1619.8332 1618.8260 1618.8678 -25.86 1 95 1e-07 1 U R.SANIALLVYADGEKR.Y

R.GSVMNPNDHPHGGGEGR . A

1733.6027 1732.5954 1732.7336 79.74 0 56 0.00083 1 + Oxidation (M)

Proteins matching the same set of peptides:
RL2_STAEQ Mass: 30252 Score: 120 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L2 0S=Staphylococcus epidermidis (strain ATCC
35984 / RP62A) GN=rplIB PE=3 SV=1

RL2 STAES Mass: 30252 Score: 120 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L2 0S=Staphylococcus epidermidis (strain ATCC
12228) GN=rplIB PE=3 Sv=1
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M Query results:

o Move
MATRI}(} I
fscievcr/ Maseot Search Results |
User : Monica Kannan N
Email : monica kannan2001@yahoo.co.in Results:
Search title : o
MS data file  : DATA.TXT o
Datahase : SwissProt 2010 12 (523151 sequences; 184678199 residues) Getdl
Taxonomy : Bacteria (Eubacteria) (324704 sequences)
Timestamp : 24 Dec 2010 at 06:00:19 BMT Gt Hils)
Protein hits : RL1 STAEQ 505 ribosomal protein L1 O3=3taphylococcus epidermidis (strain ATCC 35984 / RP6ZA) GN=rpli PE=3 3VU=1
PYRG RHIEC CTP synthase O3=Rhizobium ecli (strain CFN 42 / ATCC 51251) GN=pyrG PE=3 5V=1 1
¥CLC PSEPU UPFO06S protein in eleB-cleD intergenic region O3=Pseudomonas putida PE=3 Sv=1 i
CH602 PROAC 60 kDa chaperonin 2 OS=Propionibacterium acnes GN=groli PE=3 §V=1 Qe
MURE_JAHMA TDP-N-acetylmiremoyl-L-alanyl-D-glutemate--2, 6-dieminopimelate ligase OS=Janthinebacteriwm sp. (strain Narseille)
HC3L THIFE Cyrochrowe o3 hydrogenase large chain (Fragments) OS=Thichacillus ferrooxidans GN=hoxG PE=1 &V=1
¥480 BRUSU TUPFO301 protein ERO480 0S=Brucella suis GN=BRO480 PE=3 SV=1 New
SYS RHOOB  Seryl-tRNA synthetase OS=Rhodococcus opacus (strain Bé) GNeser§ PE=3 SV=1 o
BLAC HOCLA FBeta-lactamase OS=Nocardia lactamdurans GN=pla PE=3 §V=1
EXAL PSPAE (uinoprotein ethanol dehydrogenase OS=Pseudomonas aeruginosa Gli=exad PE=1 5v=1 -
Mascot Score Histogram
Tons score is -10*Log(P), where P 1s the probability that the observed match s a random event,
Indiicual 1ons scores = 36 meicate 1dentity or extensive homology (p<0.03)
Protein sceres are dertved fom ons scores as a nen-probabilisic basts for ranking protem bits
@
2
z
o
&
H
&
£
£
5
2
T R T
50 ] 100 120
Protein Score
Peptide Summary Report
Format As | |Peptide Summary i Help
Srgnficance threshold p= |0.05 Mz number of huts 20
Standard scormg © MudPIT scormg O Tons score or expect cut-off |0 Show sub-sets [0
Show pop-ups * Suppress pop-ups © Sert unassigned | Decreasing Score ¥ | Require bold red ™
Overview Table e

RL1_STAEQ Mass: 25012 Score: 110 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L1 0S=Staphylococcus epidermidis (strain ATCC
35984 / RP62A) GN=rplA PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unigue Peptide
1741.8414 1740.8342 1740.8319 1.31 0 110 2.3e-09 1 U  K.ETSVANFDASVEVAFR.L

Proteins matching the same set of peptides:
RL1 STAES Mass: 25012 Score: 110 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L1 0S=Staphylococcus epidermidis (strain ATCC
12228) GN=rplA PE=3 Sv=1
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fitiesce) Mascot Search Results

[

User : Monica Kannan
Email : monica kannan2001@yahoo.co.in Results:
Search title
MS data file  : DATA.TXT Cea
Database : HCBInr 20101215 (12491415 seguences; 4266264725 residues) Get Al
Taxonomy : Archaea { eria) (250523 )
Timestamy : 21 Dec 2010 at 09:28:43 GMT | GetHiy
Protein hits 1 gi|240104054 305 ribosomal protein 53P [Thermococcus gamwatolerans EJ3)

4i| 266324799 putative RMase L inhibitor/ATP-hinding cassevte sub-fawily E member 1 [uncultured archason] 1

gi]21227976 LPPG:FO Z-phospho-L-lactate transferase [Methanosarcina mazei Gol]

gi|106364380 hypothetical conserved protein [unclutured Candidatus Nitrosocaldus sp.] Query
gi|116753643 hypothetical protein Mthe 0327 [Hethanosseta thermophila PT]

41296242982 3-dehydroquinate synthase [Thermosphaera agoregans DSH 11486]
gi|150399999 phosphoesterase domain-containing protein [Methanococcus vannielii SE]

gi 159040705 diaminopimelate aminotransferase [Caldivirga maguilingensis IC-187]
§i[289191950 Homoserine dehydrogenase [Methanocaldococeus sp. FS406-22]

4i|91772180 flagellin [Methanococcoides burtonii DSN 6242]

¢i|55377284 hypothetical protein rendC0387 [Haloarcula marismortui ATCC 43049)
4i|14600931 hypothetical protein APE_0734 [leropyrum pernix Ki]

¢i|15921495 tryptophan synthase subunit alpha [Sulfolobus tokodaii str. 7]
gi]15790284 Orcd [Halobacterium sp. NRC-1]

§i| 288930963 Type [T secretion system F dowain protein [Ferroglebus placidus DSM 10642]
gi]227826519 precorrin-4 Cll-methyltransferase [Sulfolobus islandicus M.14.25]
gi|118431697 cobalawin synthase [Reropyrum pernix K1)

i | 262163545 hypothetical protein MCP_0875 [Methanocella paludicola SANAE]

gi 219225013 glycosyleransferase [Thermococcus onnurineus Nii]

gi|126179354 DNA gyrase, A subunit [Methanocullews warisnigri JR1]

T

Exit

[ ]sd

Mascot Score Histogram

Tons score 13 -10*Log(P), where P 15 the probability that the observed match is a random event.
Indmidual ions scores = 30 indicate identity or extensive homology (p=0.05).
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits

Number of Hits

Protein Score

gi]240104054 Mass: 23310 Score: 32 Matches: 1(1) Sequences: 1(1)
30S ribosomal prot

in S3P [Thermococcus gammatolerans EJ3]

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unigue Peptide
1733.1389 1732.1316 1731.9784 88.4 1 32 0.033 1 U  K.VIIFAASPGYVIGRGGR.R

Proteins matching the same set of peptides:
gi 254172991 Mass: 23368 Score: 32 Matches: 1(1) Sequences: 1(1)

ribosomal protein S3 [Thermococcus sp. AM4]
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MATRIX
{scmvce) Mascot Search Results
User : Monica Kannan
Email : monica kannan2001gyahoo.co.in
Search title
MS data file : DATA.TXT
Database : HCBInr 20101210 (12478334 sequences; 4262199788 residues)
Taxonomy : Bacteria (Eubacteria) (7049321 sequences)
Timestamp : 18 Dec 2010 at 10:42:22 GMT
Protein hits : gi|295398300 503 ribosowal protein LS [herococcus viridans ATCC 11563

gi|298490477 heat shock protein Dnal dowain-containing protein ['Nostoc azollae' 0708]

gi|42518133 hypothetical protein LJOO47 [Lactobacillus johnsonii NCC §33]

gi| 213029389 ribulose-phosphate 3-epimerase [Salmonella enterica subsp. enterica serovar Typhi str. 404ty]
gi|271964330 methionyl-tRNL formyltransferase [Streptosporangiwn rosewn DSH 43021]

gi|162456600 hypothetical protein scefdl? [Sorangium celluloswn 'So ce 56']

gi|83644882 235 RNA-specific pseudouridylate synthases-like protein [Hahella chejuensis ECTC 2396]
gi|302866780 pepridyl-prolyl cis-trans isowerase cyclophilin type [Nicromonospora aurantiaca ATCC 27029]
gi|118591677 BNA polywerase sigma-T0 factor [Stappia aguregata IAN 12614]

gi|33573850 303 ribosowal protein 516 [Bordetella parapertussis]

gi|158520037 hypothetical protein Dole 0020 [Desulfococcus oleovorans Hxd3]

g1]|225568750 hypothetical protein CLOHYLEM 04829 [Clostridium hylemonae D3N 15053]

gi]|71281626 C4-dicarhoxylate transporter/malic acid transport protein [Colwellia psychrerythrasa 34H]
gi|110004707 dna topoisomerase iv subunit b protein [Spiroplesme eitri]

gi|15599871 carbonic anhydrase [Pseudomonas aeruginosa PAO1]

gi|78186119 CB3 [Chlorohium luteolum DSM 273]

gi|312797215 glyeyl-tRHA synthetase beta chain [Burkholderia rhizoxinica HKI 454]

gi|218779713 protein of unknown function DUF36Z [Desulfatibacillum alkenivorans AK-01]

gi|300854210 flagellar assenbly protein FLiH [Clostridium 1jungdshlii DSH 13528]

gi|256670649 xanthine dehydrogenase molybdopterin binding subunit [Streptomyces sp. AAd]

Mascot Score Histogram
Tons score is -10%Log(P), where P 15 the probability that the observed match 15 a random event.

Individual ions scores » 50 idicate identity or extensive homology (p=0.03).
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits

“
M
E
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2

0

=5 % ]
Protein Score

Peptide Summary Report

Formnat Ae | [Bantida Zummans Heln

>
=

Back

Clear
Getdl

— | GetHis

Exit

W) * elelef | e

gi]295398300 Mass: 20225 Score: 86 Matches: 1(1) Sequences: 1(1)
50S ribosomal protein L5 [Aerococcus viridans ATCC 11563]

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1861.1627 1860.1554 1859.9492 111 1 86 8.9e-06 1 U

R.MYEFFDKLVTVSLPR.V
+ Oxidation (M)
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MATRIX
{stievez) Mascot Search Results Bl
User : Monica Kannan
Email : monica_kamman20016yahee. co. in
Search title  :
MS data file  : DATA.TXT Cesr
Database : SwissProt 2010 12 (523151 sequences; 184676199 residues) Getdl
Taxenamy : Bacteria (Eubacteria) (324704 sequences)
Timestamp : 24 Dec 2010 at 06:52:00 GMT GetHif)
Protein hits  : BL6_STAEQ 505 rikosowal protein L6 OS-Staphylococcus epidermidis (strain ATCC 35984 / RP6ZA| GH-rplf PE=3 V-1

RL6 ACIBL  S0% ribosomal protein L6 OS=Acidohacteria hacterium (strain E11in345) GN=rplf PE=3 SV=1

BL6 GEOMG 505 ribosomal protein L6 OS=Gechacter metallireducens (strain GS-15 / ATCC 53774 / DSM 7210) GN=rplF PE=3 &V=1
MIAE MYCBO (Dimethylallyl]adenosine tRNA methylthiotransferase mial OS=Nycobacterium hovis GN=misB PE=3 SV=1

LEXA PELUB Lexh repressor OS=Pelagibacter ubique GN=lexd PE=3 SV=1

GEMI ARCB4 2,3-bisphosphoglycerate-independent phosphoglycerate mutase OS=Areohacter butzleri [strain RN4018) GN=gpml PE=3 SV
RL6_THELT 505 ribosomal protein L6 O5=Thermotoga lettingae (strain ATCC BAA-301 / D3N 14385 / THO) GN=rplF PE=3 $V=-1
GLBB ALMEH 1,4-alpha-glucan-branching enzyme OS=ilkalilinnicola ehrlichei (strain MLHE-1) GN=glgh PE=3 SV=1

HUOL_STRCO NADH-guinone oxidoreductase subunit L OS=Streptomyces coelicolor GN=nuol PE=3 SV=1

RSMH PASMU Ribosowal ENA small subunit methyltransferase H OS=Pasteurells wultocida Gl=rswd PE=3 SV=1

BROC BUCCC Chorismate synthase OS=Buchnera aphidicola subsp. Cinara eedri GN=aroC PE=3 Sv=1

TREA VIBVU Tryptophan synthase alpha chain O3=Vibrio vulnificus GN=trph PE=3 §V=1

Exit

FPG_CHLAD  Formemidopyrimidine-DHA glycosylase OS=Chloroflexus aggregans (strain MD-66 / DSN 9485) GN=mutM PE=3 SV=1

DHLJ LEUCK DNA ligsse CS=Lewconostoe citreun (strain KM20) GN=ligh PE=3 SV=1

RL14 BRAJA 50S ribosomal protein L14 OS=Bradyrhizobiwm japonicum GN=rplN PE=3 SV=1

TRMB_CLOTE tRNA (guanine-N(7)-)-methyltransferase 0S=Clostridium tetani GN=trmb PE=3 3V=1

SYE1 FERNB Glutamyl-tRNA synthetase 1 OS=Fervidobacterium nodosum (strain ATCC 35602 / DSM 5306 / Rtl7-B1) GN=gltil PE=3 SV=1
BL10 NITEU 508 ribosowal protein L10 OS=Nitrosomonas ewropaea GN=rpld PE=3 V=1

SYR SYNWW Arginyl-tRlA synthetase O3=Syncrophomonss wolfei subsp. wolfei (strain Goettingen) GN=args PE=3 V=1

Y1655 HAEIN Uncharacterized protein HI_1655 O3=Haewophilus influenzae GN-HI_1655 PE=1 SV=1

Mascot Score Histogram

Tons score is - 10*Log(P), where P is the probability that the observed match is a randor event.
Individual ions scores > 29 indicate identity or extensive homology (p=0.05).
Protein scores are detived from jons scores as a non-probabilistic basis for ranking protein hits

Number of Hits

0 20 a0 &0 a0 100
Protein Score

RL6_STAEQ Mass: 19652 Score: 102 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L6 0S=Staphylococcus epidermidis (strain ATCC
35984 / RP62A) GN=rplF PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
914.4490 913.4417 913.4294 13.5 0 32 0.037 1 U R.YQGEYVR.R

1682.89601681.88871681.9039 -9.04 O 70 3.9e-06 1 U K.DLVLNVGYSHPVEIK.A
Proteins matching the same set of peptides:

RL6_STAES Mass: 19652 Score: 102 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L6 0S=Staphylococcus epidermidis (strain ATCC 12
GN=rplF PE=3 Sv=1

RL6_ACIBL Mass: 19064 Score: 36 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L6 0S=Acidobacteria bacterium (strain EI11in345)
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1133.6513 1132.6441 1132.6240 17.7 0 36 0.0095 1 U R.NLEIVGIGYR.A
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M Query results:

W Move
MATRIX

{scvers Mascot Search Results o |
User : Monica Kannan .
Email : monica kannan2001@yahoo.co.in Resuls:
Search title :
MS data file  : DATA.IXI Ley
Database : SwissProt 2010 12 (523151 sequences; 184678199 residues) Getll
Taxonamy : Bacteria (Eubacteria) (324704 sequences)
Timestamp : 24 Dec 2010 at 09:23:23 GMT Get Hifs)
Protein hits : RS5 MOOTA 305 ribosowal protein 35 OS=Moorella thermoacetica (strain ATCC 39073) GN=rpsE PE=3 35¥=1

MIAA HERA2? tRNA dimethylallyltransferase OS=Herpetosiphon aurantiacus (strain ATCC 23779 / D3N 785) Gf=miald PE=3 5V=1
¥679 TREPA Uncharacterized protein TP_0679 O5=Treponema pallidum GN=TP D79 PE=4 3V=1
TRED BLOPB Anthranilate phosphoribosyltransferase OS=Blochmannia pennsylvanicus [strain BPEN) GNstrpD PE=3 $v=1

Mascot Score Histogram
Tons score 15 -10*Leg(P), where P is the probability that the observed match is a random event. Esit

Individual ions scores » 28 mdicate wdentity or extensive hemeology (p<0.05).
Protein scores are derived from tons scores as a nen-probabilistic basts for ranking protemn hits

LI

Humber of Hits

Protein Score
Peptide Summary Report

Farmat As W Help
Significance threshold p< 'F Max. number of hits ’iﬂ;
Standard scoring & MudPTT sconing © Tons score or expect cut—oﬂ"ﬂ— Shew sub-sets 10—
Show pop-ups * Suppress pop-ups © Sort mass@edW Require bold red I

Ex

Overview Table

Click on column header to jump to entry in results list
Move mouse over any indicator to highlight identical peptides
Click on an indicator to see details of individual match
Use check bones to select sub-set of queries for new search

Mouse over: [Guery-

RS5 MOOTA Mass: 17131 Score: 93 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S5 0S=Moorella thermoacetica(strain ATCC 39073)
GN=rpskE PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1773.0632 1772.05591772.0672 -6.38 0 93 5.6e-10 1 U K.VLLKPAAPGTGVIAGGPVR.A

Proteins matching the same set of peptides:
RS5 PELTS Mass: 17258 Score: 93 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S5 0S=Pelotomaculum thermopropionicum
(strain DSM 13744 / JCM 10971 / SI) GN=rpsk PE=3 Sv=1
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scivces Mascot Search Results =

User : Monica Kannan
Email : monica kannan2001¢yahoo.co.in
Search title H -
MS data file : DATA.TXT
Database : SwissProt 2010 12 (523151 sequences; 184678199 residues) GetAl
Taxonomy : Bacteria (Eubacteria) (324704 sequences) =z —
Timest amp : 24 Dec 2010 at 07:16:28 GMT et Hitfs)
Protein hits : RL11 STACT 503 ribosowal protein L1l O3=3taphylococcus carnosus (strain TH300) GH=rplK PE=3 3V=2
RL11 PSYWF 5035 ribosowal protein L1l O3=Psychrobacter sp. (strain PRwi-1) GN=rplK PE=3 V=1
MURC_SYNP6 UDP-N-acetylmuramate--L-alanine ligase OS=Synechococcus sp. (strain ATCC 27144 / PCC €301 / SAUG 1402/1) GH=murC P
MURA METHO UDP-N-acetylglucosamine l-carboxyvingltransferase 0S=Methylobacterium nodulans [strain ORS2060 / LUG 21967) GN=nur
PURQ DEHE1 Phosphoribosylformylglycinamidine synthase 1 OS=Dehalococcoides ethenogenes (strain 195) GN=purQ PE=3 V=1
YTKD BACSU Putative 7,B8-dihydro-8-oxoguanine-triphosphatase yekD OS=Bacillus subtilis GN=ytkD PE=1 5V=1
HUDJ ECODH Phosphatase nudJ OS=Escherichia coli (strain K12 / DHIOB) Gl=nud] PE=3 SV=1
HUOH BARBK NADH-guinone oxidoreductase subunit N OS=Bartonella bacilliformis (strain ATCC 35685 / KC583) GN=nuwolN PE=3 5V=1
CRP_PASMU  Catsbolite gene activator OS=Pasteurella multocida GN=crp PE=4 5V=1
¥1032 HAEIN Uncharacterized HTH-type tramscriptional regulator HI 1032 OS=Haemophilus influenzae GN=HI 1032 PE=4 5V=1
BACC BACLI Bacitracin synthase 3 03=Bacillus licheniformis Gl=hacC PE=3 5V=1
ARNT SHIDS Undecaprenyl phosphate-alpha-4-smino-4-deoxy-L-arabinose arsbinosyl transferase OS=Shigella dysenteriae serotype 1
SYP SALCH Prolyl-tRNL synthetase O5=3almonella choleraesuis GN=pro3 PE=3 V=2
HRFA SHEON Cytochrome c-552 O3=Shevanella oneidensis GN=nrfi PE=3 5V=1
PYRD VIBCH Dihydroorotate dehydrogenase OS=Vibrio cholerae Gl=pyrD PE=3 SV=1
HANEK BRUME Bifunctional enzyme nanE/nank OS=Brucella welitensis Gli=nanEK PE=3 S¥=1
ASSY CLEM3 Argininosuccinate synthase 03=Clavibacter michiganensis subsp. michiganensis (strain NCPPE 382) GN=argG PE=3 Sv=1

Clear

Exit

B[fef el ol

KAD WOLPP  idenylate kinase O3=Wolbachia pipientis subsp. Culex pipiens (strain whip) GN=adk PE=3 SV¥=1
¥377 MYCLE UPFO07S ATP-hinding protein L0377 OS=Mycobacterium leprae GN=MLO377 PE=3 5V=1
LET_COREF  Prolipoprotein diacylglyceryl transferase OS=Corynehacterium efficiens GN=lgt PE=3 SV=1

Mascot Score Histogram
Tons score is -10%Log(P), where P is the probability that the observed match is a random event

Inclividual ions scores > 32 indicate identity or extensive homology (p=0.05)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

28 50 7 100
Protein Score

RL11 STACT Mass: 14948 Score: 92 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L11 O0S=Staphylococcus carnosus (strain TM300)
GN=rplK PE=3 SV=2

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
2160.1745 2159.1672 2159.1110 26.0 0 92 3.2e08 1 U R.TQEQAGLIIPVEISVYEDR.S

Proteins matching the same set of peptides:
RL11_STAEQ Mass: 14965 Score: 92 Matches: 1(1) Sequences: 1(1)
is (strain ATCC

50S ribosomal protein L11 OS=Staphylococcus epiderm
35984 / RP62A) GN=rplK PE=3 Sv=1

RL11 PSYWF Mass: 14876 Score: 76 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L11 0S=Psychrobacter sp. (strain PRwf-1)
GN=rplK PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
971.5861 970.5789 970.5600 19.5 0 76 2.9e-06 1 U K.SPPAAFLLR.K
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fititvezs Mascot Search Results =

User : Monica Kannan

Email : monica Kannan2001@yahoo.co.in
Search title H
MS data file
Database

: DATA.TXT Loy

SwissProt 2011 01 (524420 sequences; 185205850 residues) L GetAl
Taxonomy acteria (Eubacteria) (325204 sequences)
Timestamp 9 Jan 2011 at 06:45:56 GMT Get Hifls)
Protein hits : RSB XANAC 303 ribosowal protein 38 OS=Xanthomonas axonopodis pv. citri GN=rpsH PE=3 3V=1

RSB ACTP2 303 rihosowal protein 38 O9=Actinchacillus pleuropneuwoniae serotype Sh (strain L20) Glf=rpsH PE=3 5¥=1

SESA PSENT Sugar fermentation stimulation protein homolog OS=Pseudoalteromonas haloplanktis (strain TAC 125) GN=sfsk PE=3 5V=
RS9 BIFAA 305 ribosomal protein 59 OS=Bifidobacterium adolescentis (strain ATCC 15703 / DSM 20083) GN=rpsl PE=3 3V=1
RS10_FUSHNN 303 ribosomal protein 310 O%=Fuschacterium nucleatum subsp. nucleatum GN=rpsd PE=3 3V=1

DHAK PELLD Chapercne protein dnak OS=Pelodictyon luteolum (strain DSM 273) GN=dnaK PE=2 5V=1

SECA LACGA Protein translocase subunit sech OS=Lactobacillus gasseri (strain ATCC 33323 / DSN 20243) Cll=sech PE=3 SV=1

URED PSEMY lrease accessory protein ureD OS=Pseudomonas mendocina (strain ywp) GH=ureD PE=3 S¥=1

RHH2 MARMM Ribonuclease HII OS=Naricaulis mwaris (strain MC510) GN=rnhB PE=3 5V=1

LPXK RHOCS Tetraacyldisaccharide 4'-kinase 03=Rhodospirillum centenum (strain ATCC 51521 / 5W) GN=1pxK PE=3 5V=1

PRMA BURXL Ribosowal protein L1l methyltransferase OS=Burkholderia xenovorans (strain LB400) GN=prmi PE=3 3V=1

SSRP BACCQ Ssri-binding protein 03=Bacillus cereus [strain (1) GN=swpB PE=3 SV=1

BCHY RHOS4 Chlorophyllide reductase 52.5 kDa chain O3=Rhodobacter sphaercides (strain ATCC 17023 / 2.4.1 / NCIB 8253 / DSM 15
MHME GRABC tRIA modification GTPase mmnE OS=Granulibacter bethesdensis (strain ATCC BAR-1260 / CGDNIH1) CN=mmnE PE=3 SV=1
MURG PELCD UDP-N-acetylglucosamine--N-acetyluuramyl- (pentapeptide] pyrophosphoryl-undecaprenol N-acetylglucosamine transferas

=

Befel® el [l

"

Exit

IF2 SYWWH Tramslation initiation factor IF-Z OS=Syntrophowonas wolfei subsp. wolfei [strain Goettingen) GN=infB PE=3 V=1
SYK LEUMM  Lysyl-tRA synthetase OS=leuconostoc mesenteroides subsp. mesenteroides [strain ATCC 8293 / NCDO 523) Gl=lysS PE=3
¥1615 DICTD UPFO0SZ protein Dtur_1615 0S=Dictyoglomus turgidun [strain 2-1310 / DSH 6723) GN=Dtur_1615 PE=3 Sv=1

COXX RICAH Protcheme IT farnesyltransferase OS=Rickectsia akari (strain Hartford) 6N=ctaB PE=3 5V=1

EFG_CLOTH Elongation factor G 03=Clostridium thermocellum (strain ATCC 27405 / DSN 1237) GN=fusk PE=3 V=1

Mascot Score Histogram
Tons score is - 10¥Log(P), where P is the probability that the observed match is a random event

Individual fons scores > 37 indicate identity or extensive homology (p=0.03).
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

=

Hunber of Hits

40 60

50
Protein Score

< |

RS8_XANAC Mass: 14323 Score: 56 Matches: 1(1) Sequences: 1(1)

30S ribosomal prot
Sv=1

n S8 0OS=Xanthomonas axonopodis pv. citri GN=rpsH PE=3

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1608.1283 1607.1210 1606.8831 148 1 56 0.00042 1 U K.YFEGRPVIETLKR.F

Proteins matching the same set of peptides:

RS8_XANC5 Mass: 14353 Score: 56 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S8 OS=Xanthomonas campestris pv. vesicatoria (strain
85-10) GN=rpsH PE=3 Sv=1

RS8_XANC8 Mass: 14312 Score: 56 Matches: 1(1) Sequences: 1(1)
30S ribosomal protein S8 0S=Xanthomonas campestris pv. campestris
(strain 8004) GN=rpsH PE=3 Sv=1

RS8_XANCB Mass: 14312 Score: 56 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S8 0S=Xanthomonas campestris pv. campestris (strain
B100) GN=rpsH PE=3 SV=1
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A
MATRIX

{scievcr) Mascot Search Results B
User : Monica Kannan
Email : monica kannan2001gyahoo.co.in
Search title
S data file  : DATA.IXT fe
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) Getdl
Taxonomy : Bacteria (Eubacteria) (325204 sequences)
Timestamp : 19 Jan 2011 at 10:41:00 GMT Get Hitfs)
Protein hits : RS7 SYNE? 303 ribosomal protein 37 O3=3ynechococcus elongatus (strain PCC 7942) GN=rpsG PE=3 V=1

SYS SYNP2 Seryl-tRNA synthetase OS=Synechococous sp. (strain ATCC 27264 / PCC 7002 / PR-6) GN=serd PE=3 SV=1

Y048 BORBU TUncharacterized protein BB 0048 O3=Forrelia burgdorferi GN=BE 0048 PE=4 3V=1

PDXB SERP5 Erythronate-d4-phosphate dehydrogenase O3=Serratia proteamaculans (strain 568) GN=pdxB PE=3 S¥=1

¥743 MYCEI Putative $-adenosyl-L-methionine-dependent methyltransferase Nflv 0743 OS=Nycobacterium gilvan (strain PYR-GCK) G
DER BAUCH GTPase Der OS=Baumannia cicadellinicola subsp. Howalodisea coagulata GN=der PE=3 5V=1

DHAA BURCS Chromosomal replication initiator protein dnal OS=Burkholderia cepacia (strain J2315 / LUG 16656) GN=dnad PE=3 SU=
SYFB BUCAI Phenylalanyl-tRNA synthetase beta chain OS=Buchnera aphidicola subsp. Aoyrthosiphon pisum GN=pheT PE=3 SV=1

DHAA BURM1 Chromosomal replication initiator protein dnal O3=Burkholderia multivorans (strain ATCC 17616 / 249) CN-dnak PE=3
ALGE6_AZOVI Poly(beta-D-wannuronate] CS epimerase 6 OS=hzotobacter vinelandii GN=algE6 PE=2 5V=1

HIS6 BIFRA Imidazole glycerol phosphate synthase subunit hisF O3=Bifidobacterium sdolescentis (strain ATCC 15703 / D3N 20083)
RS7 ENTFA 305 ribosomal protein 57 O3=Enterococcus faecalis GN=rpsG PE=3 SV=1

HYUC PSESH Hydantoin utilization protein € O5=Pseudomonas sp. (strain N3671) Gli=hyuC PE=1 3¥=1

RS7 ACIAD 305 ribosomal protein 57 OS=Acinetobacter sp. (strain ADP1) GN=rpsG PE=3 5V=1

RS? LACBR 303 ribosomal protein 57 OS=Lactobacillus brevis (strain ATCC 367 / JCM 1170) GN=rpsG PE=3 5¥=1

LEU3 CLOAB 3-isopropylmalate dehydrogenase OS=Clostridium acetobutylicum GN=leuB PE=3 SV=1

TRUD GEOSF tRNA pseudouridine synthase D OS=Geobacter sp. (strain FRC-32] GN=truD PE=3 5V=1

HIPG XANCP Chaperone protein htpG OS=Xanthomonas campestris pv. cempestris GN=htpG PE=3 5U=1

CLPX PROMA ATP-dependent Clp protease ATP-bhinding subunit ClpX 0S=Prochlorococcus warinus G=clpX PE=3 5V=1

PYRB METEP ispartate carhamoyltransferase OS5=Methylobacterium extorquens (strain PA1) GN=pyrB PE=3 3v=1

"
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Mascot Score Histogram

Tons score is -10¥Log(P), where P is the probability that the observed match is a random event
Indiwidual ions scores > 41 indicate identity o extensive homology (p<0.05)
Protein scotes are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

10 20 30 40 g0 B0
Protein Score

Peptide Summary Report @
<

RS7_SYNE7 Mass: 17745 Score: 60 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S7 0S=Synechococcus elongatus (strain PCC 7942) GN=rpsG
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1468.0057 1466.9984 1466.7769 151 0 60 0.00066 1 U R.ILYSAFDLIQER.T

RS7 ENTFA Mass: 17822 Score: 23 Matches: 1(0) Sequences: 1(0)
30S ribosomal protein S7 OS=Enterococcus faecalis GN=rpsG PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1942.3618 1941.3545 1941.0181 173 1 25 3.3 1 U R.VGGSNYQVPVEVRPERR.T

RS7 ACIAD Mass: 17614 Score: 22 Matches: 1(0) Sequences: 1(0)
30S ribosomal protein S7 0S=Acinetobacter sp. (strain ADP1l) GN=rpsG
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
927.6134 926.6062 926.4399 179 1 22 3.5 1 u K.AFSHYRF. -
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MATRIX

{scirvcr/ Mascot Search Results o

User : Monica Kannan

Email : monica kanman2001@yahoo.co.in

Search title :

S data file  : DATA.IXI Cea

Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) GetAl

Taxonomy : Other Protechacteria (154929 sequences)

Timest.amp 1 27 Jan 2011 at 09:13:42 GMT Get Hitfs)

Protein hits : RS7 ACIAD 303 ribosowal protein 37 O3=Acinetobacter sp. (strain ADP1) GN=rpsG PE=3 Sv=1

PUR2 VIBCH Phosphoribosylamine--glycine ligase 03=Vibrio choleras GH=purl PE=3 5V=1

TSAS ORITS 56 kDa type-specific antigen 0S=Orientia tsutsugemushi PE=4 $V=1

CH60_IDILO 60 kDa chaperonin OS=Idicwarina loihiensis GN=grol PE=3 5V=1

GUNY DICD3 Minor endoglucanase ¥ OS=Dickeya dadantii (strain 3937) Gl=cel¥ PE=1 5V=1

FETP_FRAP? Frobable Fe(2+)-trafficking protein O3=Francisella philomiragia subsp. philomiragia [strain ATCC 25017) GN=Fphi 029
TRUD_PELCD tENA pseudouridine synthase D OS=Pelobacter earbinolicus (strain DM 2380 / Gra Bd 1) GN=truD PE=3 SV-1

RL5 ACIB3 505 ribosomwal protein LS OS=Acinetobacter bawwannii (strain AB307-0294) GN=rplE PE=3 5V=1

LEU3 RHOPA 3-isopropylmalate dehydrogenase OS=Rhodopseudomonas palustris GN=leu PE=3 SV=1

DHLI COXBN DNL ligase 0S=Coxiella burnetii (strain Dugway 5J108-111) GN=ligh PE=3 5V=1

DPAWD CELJU ispartate l-decarboxylage 03=Cellwibrio japonicus (strain Usdal0?) GN=panD PE=3 5V=1

Y617 RHIL3 Maf-like protein RLO617 OS=Rhizobium leguminosarum bv. viciae [strain 3841) GN=RLO617 PE=3 SV=1

TDH SINMW L-threonine 3-dehydrogenase OS=3inorhizobium medicae (strain W3N418) GN=tdh PE=3 V=1

ASSY SHEPA Argininosuccinate synthase OS=Shewanella pealeana (strain ATCC 700345 / ANG-SQL) GM=argG PE=3 S¥=1

TRED AMADE Anthranilate phosphoribosyltransferase OS=inaerompxohacter dehalogenans (strain 20P-C) GN=trpD PE=3 S¥=1
ASSY SHEMH Argininosuccinate synthase OS=Shewanella halifaxensis (strain HAU-EB4) GN=argG PE=3 5V=1

ALGR PSEAE Positive alginate biosynthesis regulatory protein O3=Pseudomonas seruginosa GN=algR PE=3 SV=1

RPOC_BUCAL DHA-directed RNA polymerase subunit heta' OS=Buchnera aphidicola subsp. Acyrthosiphon pisum GN=rpoC PE=3 S¥=1
FERB _PARDE Ferric reductase B (Fragment] OS=Paracoccus denitrificans GN=ferB PE=1 5V=1

2

Exit

Wl L

SYC XANCP Cysteinyl-tRNA synthetase OS=Yanthomonas campestris pv. campestris GN=cys$ PE=3 §V=1

Mascot Score Histogram

Tons score is -10*Log(P), where P is the probability that the observed match is a random event
Tnclividual ions scores = 32 indicate identity or extensive homelogy (p=0.03)
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

Hunber of Hits

30
Protein Score

RS7 ACIAD Mass: 17614 Score: 31 Matches: 1(0) Sequences: 1(0)

30S ribosomal protein S7 0S=Acinetobacter sp. (strain ADP1l) GN=rpsG
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
927.6061 926.5989 926.4399 172 1 31 0.16 1 U K.AFSHYRF. -

Proteins matching the same set of peptides:

RS7 ACIB3 Mass: 17688 Score: 31 Matches: 1(0) Sequences: 1(0)
30S ribosomal protein S7 OS=Acinetobacter baumannii (strain AB307-
0294) GN=rpsG PE=3 SV=1

RS7 ACIB5 Mass: 17688 Score: 31 Matches: 1(0) Sequences: 1(0)
30S ribosomal protein S7 0S=Acinetobacter baumannii (strain AB0057)
GN=rpsG PE=3 Sv=1

RS7 ACIBS Mass: 17688 Score: 31 Matches: 1(0) Sequences: 1(0)
30S ribosomal protein S7 OS=Acinetobacter baumannii (strain SDF)
GN=rpsG PE=3 Sv=1
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MATRIX

lséirices Mascot Search Results i
User : Monica Kannan
Email : monica kanman2001@yahoo.co.in
Search title :

Clear
MS data file : DATA.TXT
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) GetAl
Taxonomy : Bacteria (Eubacteria) (325204 sequences)
Timestamp : 27 Jan 2011 at 09:34:39 GMT Get Hitfs)
Protein hits : KGUA HAES1 Guanylate kinase O3=Haemophilus somnus (strain 129Pt) Gll=gmk PE=3 5V=2

RL13 BACA? 503 ribosowal protein L13 05=Bacillus amyloligquefaciens (strain FZB42) GN=rplM PE=3 SV=1

RL13 BACP2 503 ribosomal protein L13 O%=Bacillus pumilus (strain 3AFR-032) GN=rplM PE=3 =V=1

RL13 EXTSA 505 rihosomal protein L13 OS=Exiguobacterium sp. (strain ATCC BAA-1283 / AT1b) GN=rplM PE=3 5¥=1

KGUA_AROAE Guanylate kinase OS=iromatoleum aromaticum (strain EbN1) GN=gmk PE=3 5V=2

SYR CAMC5  Arginyl-tRNA synthetase OS=Campylobacter curvus (strain 525.92) GN=argh PE=3 Sv=1

DHLA XAHAU Haloalkane dehalogenase OS=Zanthobacter autotrophicus GN=dhld PE=1 5V=Z

LPXD BURVG UDP-3-0-[3-hydroxymyristoyl] glucossmine N-acyltransferase OS=Burkholderia vietnamiensis [strain G4 / LNG 22486) &
MSHD CORJK Mycothiol acetyltransferase OS=Corynebacterium jeikeium (strain K411) GN=mshD PE=3 SV=1

HRCA CHLCH Heat-inducible transeription repressor hreh OS=Chlorobium chlorochromatii (strain CaD3) Gll=hreh PE=3 5V=1

RL11 RHOFD 5035 ribosomal protein L1l OS=Rhodoferax ferrireducens (strain DSM 15236 / ATCC BAA-621 / T118) GN=rplK PE=3 V=1
PDXT CLOK1 Glutamine amidotransferase subunit pdxT 03=Clostridium kluyveri (strain NERC 12016) GN=pdxT PE=3 S5V=1

AMPA THISH Probable cytosol aminopeptidase O3=Thioalkalivibrio sp. (strain HL-EbGR?) GN=pepd PE=3 3¥=1

PUR? RICAH Phosphoribosylaminoimidazole-succinocarboxamide synthase OS=Rickettsia skari (strain Hartford) GN=purC PE=3 5U=1
PYRG MAHSM CTP synthase OS=Wannheinmia succiniciproducens (strain MBELSSE) GN=pyrG PE=3 5¥=2

¥2363 CLOB1 UPF0348 protein CLB_2363 OS=Clostridiwn hotulinum (strain ATCC 19397 / Type A) GN=CLE_2363 PE=3 5U=1

SYP BIFLO  Prolyl-tRNL synthetase 0S=Bifidchacterium longum GN=proS PE=3 5V=1

LEXA FRASC Lexk repressor O3=Framkia sp. (strain CcI3) GN=lexd PE=3 5V=1

LRI T

Mascot Score Histogram

Tons score 15 -10*Log(P), where P is the probability that the observed match 15 a random event,
Tndividual ions scores * 30 ndicate identity or extensive homelogy (p<0.05)
Protem scores are denved from tons scores as a non-probabilistic basts for ranking protem hits
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Peptide Summary Report

Format As | [Pentide Summary i Help &

RL13 BACA2 Mass: 16395 Score: 30 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L13 OS=Bacillus amyloliquefaciens (strain
FZB42) GN=rpIM PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1088.8687 1087.8615 1087.6237 219 0 30 0.014 2 U R.LSTEVASILR.G

Proteins matching the same set of peptides:
RL13 BACC2 Mass: 16448 Score: 30 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L13 OS=Bacillus cereus (strain G9842) GN=rpiM
PE=3 Sv=1

RL13 BACLD Mass: 16407 Score: 30 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L13 OS=Bacillus licheniformis (strain DSM 13 /
ATCC 14580) GN=rpIM PE=3 SvV=1
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RSB MACCT 303 ribosowal protein 38 O3=Macrococcus caseolyticus (strain JC3C5402) GM=rpsH PE=3 5v=1
RRAA MYCSJ Regulator of ribonuclesse activity A OS=Nycohacterium sp. (strain JL3) GH=rrak PE=3 SV=1
G6PI2 RALET Glucose-6-phosphate isomerase 2 O3=Ralstonia eutropha (strain JMP134) GN=pgi2 PE=3 Sv=1
DHLJ COREF DNA ligase OS=Corynebacterium efficiens GN=ligd PE=3 3V=1

DAPB ANAMM Dihydrodipicolinate redustase OS=hnaplasma marginale (strain St. Maries) GN=dapB PE=3 SV=2
COAA CORJK Pantothenate kinase OS=Corynebacterium jeikeium (strain K411) Gli=coak PE=3 SV=1 New
GSA STRSV  Glutamate-l-semialdehyde 2,l-sminomutase OS=Streptococcus sanguinis (strain SK36) GN=hexl PE=3 SV=1

HIPG SERP5 Chaperone protein htpG OS=Serratia protesmsculans [strain 568) GN=htpG PE=3 5U=1

GLSA SPHWW Glutaminase OS=Sphingomonas wittichii (strain BWL / DSM 6014 / JCH 10273) GlN=glsi PE=3 5V=1

AROA STRAW 3-phosphoshikiwate l-carboxyvinyltransferase O3=Streptowmyces averwmitilis GN=arol PE=3 5v=1

ASSY JAMMA Argininosuccinate synthase OS=Janthinchacterium sp. (strain Marseille) GNe=argG PE=3 SV=1

DPPC BACPE Dipeptide transport system permease protein dppC O3=Bacillus pseudofirmus (strain OF4) GN=dppC PE=3 3V=1

MIME RHILO tENA modification GTPase mowE OS=Rhizobium loti GN=mmmE PE=3 5V=1

LIPB ARTCA Octanoyltransferase OS=Arthrobacter chlorophenolicus (strain &6 / ATCC 700700 / DSM 12829 / JCM 12360) GN=1liph PE=
THIE CHLTE Thismine-phosphate pyrophosphorylase OS=Chlorohiwm tepidum GN=thiE PE=3 S¥=1

DDL_DESDG D-alanine--D-alanine ligase OS=Desulfovibrio desulfuricans (strain G20) GN=ddl PE=3 5V=1

MURG PROM3 UDP-N-acetylglucosamine--N-acetylmuramyl- (pentapeptide) pyrophosphoryl-undecaprenol N-acetylglucosamine transferas
DHAK BACFH Chaperone protein dnaK OS=Bacteroides fragilis istrain ATCC 25285 / NCTC 9343) Gl=dnak PE=2 5¥=1

TYPH1 RALEJ Putative thywidine phosphorylase 1 0S=Falstonia eutropha (strain JHP134) GN-Reut_E3746 PE=3 SV=2

MATRIA? Back

{scirvcr/ Mascot Search Results s

User : Monica Kannan

Email : monica kannan2001¢yahoo.co.in Results:

Search title H

MS data file  : DATA.TXI iJ

Datahase : SwissProt 2011 01 (524420 sequences; 185205850 residues) | gea

Taxonomy : Bacteria (Eubacteria) (325204 sequences)

Timest amp : 27 Jan 2011 at 09:52:26 GMT Get Hitfs)

Protein hits : RSB_STAS1 305 ribosomal protein 38 O5=Staphylococcus saprophyticus subsp. saprophyticus (strain ATCC 15305 / DSM 20229) GN=r ’]__
Query

Esit

LIS

Mascot Score Histogram

Tons score is -10%Log(P), where P is the probability that the observed match is a random event
Inclividual ions scores > 41 indicate identity or extensive homology (p=0.05)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

0 20 40 £0 80 100 120
Protein Score

RS8 STAS1 Mass: 14797 Score: 113 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S8 0S=Staphylococcus saprophyticus subsp.
saprophyticus (strain ATCC 15305 / DSM 20229) GN=rpsH PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

2328.8835 2327.8763 2327.2696 261 1 113 2.9e09 1 U K.VLNGLGIALVSTSEGVVTDKEAR
-K

RS8 MACCJ Mass: 14834 Score: 76 Matches: 1(1) Sequences: 1(1)
30S ribosomal protein S8 0S=Macrococcus caseolyticus (strain JCSC5402)
GN=rpsH PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1651.2274 1650.2201 1649.8260 239 1 76 1.9e-05 1 U K.SVEYIEDDKQGVIR.M
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3
B

HIPX RHILW Protease Htpd howology O3=Rhizobiww leguwinosarum bv, trifolii (strain W3M2304) GN=htpX PE=3 V=1

LIPB PARVE Octanoyltransferase (Fragment) OS=Paracoccus versutus GN=lipB PE=3 SV=1

RIMH SYNFM Rihosomwal RNAL large subunit mechyltransferase H O3=Syntrophobacter fumaroxidans (strain DSM 10017 / MPOB) GN=rlmH
MUTL SYMTH DNL mismatch repair protein mutl OS=Synbichacteriwm thermophilum G=mutl PE=3 5V=1

CLCB ECOL6 Voltage-gated ClC-type chloride channel Cleb 05=Escherichia coli 06 GN=cleB PE=3 5¥=2

AMPA AGRVS Probsble cytosol sminopeptidase OS=Agrobacteriwn vitis (strain 54 / ATCC BAL-846) GN=peph PE=3 5V=1 New
SYR WIBCH  Arginyl-tRNL synthetase 05=Vibrio cholerae GN=argS PE=3 5V¥=3

ASIB BURCM N-succinylarginine dihydrolase O3=Burkholderia ewbifaria (strain ATCC BAA-244 / ANMD) CN=astB PE=3 SU=1
SYFB_THETH Phenylalanyl-tRNA synthetase beta chain 0S=Thermus thermophilus Gli=pheT PE=1 5V=2

ALGB PSEAE Alginate biosynthesis transcriptional regulatory protein AlgB 05=Pseudomonas aeruginosa GN=algB PE=1 3V=1

RL14 ACTIAD 505 ribosomal protein L14 OS=Acinetobacter sp. (strain ADP1) GN=rplN PE=3 5V=1

RL14 BAUCH 3503 ribosowal protein L14 OS=Baurannia cicadellinicola subsp. Howalodisca coagulata GN=rplN PE=3 V=2

RL14 DECAR 505 ribosomal protein L14 O%=Dechloromonas aromatica (strain RCB) GN=rplN PE=3 5¥=1

DCTD RHILE cC4-dicarbaxylate transport transcriptional regulatory protein detD OS=Rhizohiuw leguminosarus GN=dotD PE=3 SV=1

A~
MATRH? i Back
{scievcrs Mascot Search Results |

User : Monica Kannan

Email : monica kannan2001@yahoo.co.in Resuls:

Search title H

MS data file  : DATA.TXT iJ

Database : SwissProt 2011 D1 (524420 sequences: 185205830 residues) Getal

Taxonomy : Bacteria (Eubacteria) (325204 sequences)

Timestamp 1 20 Jan 2011 at 11:48:36 GMT Get Hitls]

Protein hits : RL14 PSYA? 505 ribosomal protein L14 OS=Psychrobacter arcticus (strain DSM 17307 / 273-4) GN=rplN PE=3 35V=1 ,1—
Quen:

Exit

g

DCUR_GLOVI TUroporphyrinogen decarboxylase O3=Gloeohacter violaceus GN=hemE PE=3 SV=1

ISPH ROSDO  4-hydroxy-3-methylbuc-2-enyl diphosphate reductase OS=Rosechacter denitrificans (strain ATCC 33942 / OCh 11#) GN=i
RSMH _STRCO Ribosowal PNA swall subunit methyltransferase H O3=Streptomyces coelicolor GN-rswH PE=3 S¥=-1

¥1699 CLOAB UPFO124 protedn Ch C1699 03=Clostridium acetobucylicum GN=CA C1699 PE=3 5V=3

IF2 PSEHT  Translation initiation factor IF-Z OS=Pseudoalteromonas haloplanktis (strain TAC 125) GN=infB PE=3 SV=1

Mascot Score Histogram
Tons score is - 10*Log(P), where P is the probability that the observed match is a random event

Tndividual ions scores = 39 indicate identity or extensive homology (p=0.03)
Protein scores are derived from dons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

—
50 100
Protein Score

RL14 PSYA2 Mass: 13443  Score: 114 Matches: 2(1) Sequences: 2(1)

50S ribosomal protein L14 0S=Psychrobacter arcticus (strain DSM 17307
/ 273-4) GN=rpIN PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

899.7779 898.7706 898.4985 303 0 21 3 2 U R.RPDGSVLR.F
2071.7293 2070.7220 2070.0858 307 1 93 2.3e-07 1 U R.FDDNAAVLLNQN KAPIATR.I

Proteins matching the same set of peptides:

RL14 PSYCK Mass: 13443 Score: 114 Matches: 2(1) Sequences: 2(1)
50S ribosomal protein L14 OS=Psychrobacter cryohalolentis (strain K5)
GN=rpIN PE=3 Sv=1

RL14 PSYWF Mass: 13427 Score: 114 Matches: 2(1) Sequences: 2(1)

50S ribosomal protein L14 0S=Psychrobacter sp. (strain PRwf-1)
GN=rpIN PE=3 Sv=1
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Query results:

W Move:
MATRIX

{scievci) Mascot Search Results =
User : Monica Kannan
Email : monica kannan2001@yahoo.co.in
Search title

& Clear
MS data file : DATA.TXT
Datahase : SwissProt 2011 03 (525997 sequences; 185874894 residues) GetAl
Taxonomy : Bacteria (Eubacteria) (325441 sequences)
Timestamp : 23 Mar 2011 at 05:37:06 GMT Get Hitls]
Protein hits ¢ RS12 ACIAC 303 ribosowal protein 312 OF=Acidovorax svenae subsp. citrulli (strain RAC00-1) GN=rpsL PE=3 3¥=1

RS12 ACIFZ 305 ribosowal protein $12 OS=Avidithiobacillus ferrooxidans (strain ATCC 23270 / DSM 14882 / NCIE 8455) GN=rpsL PE
PURL SILP0 Phosphoribosylformylglycinemidine synthase 2 OS=Silicibacter pomeroyi GN=purl PE=3 SV=1

¥1215_CAUCR UPFO178 protein CC_1215 0F=Caulohacter crescentus GN=CC_1215 PE=3 5V=1

DHLJ_BUCCC DNA ligase O3=Buchnera aphidicola subsp. Cinara cedri GN=ligh PE=3 5V=1

MURB DESDE UDP-N-acetylenolpyruvoylglucosamine reductase 0S=Desulfovibrio desulfuricans (strain G20) GN=wurk PE=3 Sv=1
HUO0D2_ANADE NADH-quinone oxidoreductase swbunit D 2 O%=Anaeromyxohacter sp. (strain Fwl09-5) GN=nuoDZ PE=3 3V=1

ATKB AGRT5 Potassimv-transporting ATPase B chain OS=hgrobacteérium tuwefaciens (strain C58 / ATCC 33970) GN=kdpB PE=3 5V=2
CBID BURS3 Putative cobalt-precorrin-6i synthase [deacetylating] OS=Burkholderia sp. (strain 383) GN=chiD PE=3 SV=1

PRTM PASMU DNA primsse OS=Pasteurella wultocida GN=dnaG PE=3 5V=1

BDDB_OCEIH ATP-dependent helicase/deoxyribonuclease subunit B O5=Oceanchbacillus iheyensis GN=addB PE=3 5V=1

CRL ERWCT  Sigma factor-binding protein erl 0$=Ervinia carotovora subsp. atroseptica GN=crl PE=3 SV=1

RS3 VESOH 303 ribosomwal protein 33 O3=Vesicowyosocius okutanii subsp. Calyptogena okutanii (strain HA) GN=rpsC PE=3 V=1
HLDE METFK Bifunctional protein hldE OS=Nethylobacillus flagellatus (strain KT / ATCC 51484 / DSN 6875) CGN=hldE PE=3 SV=1
MUTL_OLICO DNA mismwatch repair protein wutl O3=0ligotropha carboxidovorans (strain ATCC 43405 / DSM 1227 / OM5) GN=mutl PE=3
¥741 CHIMU Uncharacterized protein TC_0741 O3=Chlamydia muridarum GN=TC_0741 PE=3 5V=1

¥543 ACTSZ UPFO304 protein Asuc 0543 OS=Aetincbacillus succinogenes (strain ATCC 55618 / 130Z) GN=Asuc 0543 PE=3 3V=1

GATZ KLEP7 D-tagatose-1,6-bisphosphate aldolase subunit gatZ 05=Klebsiella pneuwonise suhsp. pnewwoniae (strain ATCC 700721 /
DHAK HOVAD Chaperone protein dnak OS=Novesphingobium aromaticivorans (strain DSM 12444) GN=dnak PE=z SV=1

PHCB_SYNP¥ R-phycocyanin beta chain 0S=Synechococcus sp. (strain UH7803) GN=rpcB PE=3 Sv=3

z

"

Exit

efef | el el

Mascot Score Histogram

Tons score i3 -10*Log(F), whete P iz the probability that the observed match is a random event
Tndividual ions scores = 36 indicate identity or extensive homelogy (p<0.05)
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits

Munber of Hits

o]
Protein Score

RS12 ACIAC Mass: 13969 Score: 69 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S12 OS=Acidovorax avenae subsp. citrulli
(strain AAC00-1) GN=rpsL PE=3 SvV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
940.4580 939.4507 939.5502 -105.83 0 69 2.8e-051 u M.PTINQLVR.Q

Proteins matching the same set of peptides:

RS12 ACIET Mass: 14011 Score: 69 Matches: 1(1) Sequences: 1(1)
30S ribosomal protein S12 OS=Acidovorax ebreus (strain TPSY) GN=rpsL
PE=3 Sv=1

RS12 ACISJ Mass: 14011 Score: 69 Matches: 1(1) Sequences: 1(1)

30S ribosomal pro
PE=3 Sv=1

in S12 OS=Acidovorax sp. (strain JS42) GN=rpsL
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MATRIX
fscievcr/ Maseot Search Results S|
User : Monica Kannan
Email : monica kannan2001@yahoo.co.in Results
Search title H
MS data file  : DATA.TXT Loy
Database : SwissProt 2011 01 (524420 seguences; 185205850 residues) Get Al
Taxonomy : Bacteria (Eubacteria) (325204 sequences)
Timest amp : 21 Jan 2011 at 08:55:12 GMT Get Hitls)
Protein hits : RL17 STAAL 505 ribosomal protein L17 O3=3taphylococcus aureus (strain Mud / ATCC 700698) GN=rplQ PE=3 5¥=1

RL17 BACA2 505 ribosowal protein L17 OF=Bacillus awyloligquefaciens (strain FIB42) GN=rplQ PE=3 5V=1

RL17 MOOTA 503 ribosomal protein L17 O%=Noorella thermoacetica (strain ATCC 39073) GN=rplQ PE=3 5V=1

RSMG XYLFA Ribosowal RNL small subunit wethyltransferase G 05=Xylella fastidiosa GN=rsmG PE=3 5V=3

GSA DESAA Glutamate-l-semialdehyde 2, 1-aminomutase OS=Desulfatibacillum alkenivorans (strain AK-01) GN=hemlL PE=3 5V=1

BL17 LACDA 505 ribosomal protein L17 O3=Lactobacillus delbrueckii subsp. bulgaricus (strain ATCC 11842 / DSM 20081) GN=rplQ PE
RL17 ACIET 503 ribosomal protein L17 O%=Acidovorax ebreus (strain TP3Y] Gl=rplQ PE=3 5V=1

RL17 WIGBR 503 ribosomal protein L17 05=Wigglesworthia glossinidia brevipalpis Gi=rplQ PE=3 &v=1

FMT_GEOUR Methionyl-tRNA formyltransferase OF=Gecbacter uraniireducens (strain Rf4) GN=fmt PE=3 5V=1

PROA CAMC5 Gamma-glutamyl phosphate reductase OS=Campylobacter curvus (strain 525.92) GN=prok PE=3 SW=1

TRPA RHIME Tryptophan synthase alpha chain OS=Rhizobiwn weliloti GN=trpi PE=3 5V=1

AROA ROSS1 3-phosphoshikimate l-carboxyvinyltransferase OS=Roseiflexus sp. (strain BS-1) GN=arod PE=3 3vV=1

GLMM MYXXD Phosphoglucosamine xmtase O03=Myxococcus xanthus (strain DK 1622) GN=glwM PE=3 V=1

SYE1 METEP Glutamyl-tRlL synthetase 1 OS=Methylobacterium extorquens (strain PA1] GH=glt¥l PE=3 5V=1

CH60 DESMR 60 kDa chaperonin OS=Desulfovibrio magneticus (strain ATCC 700980 / DSM 13731 / RS-1) GN=grol PE=3 5¥=1

¥100 LACPL Putative ABC transporter ATP-binding protein lp 0100 O3=Lactobacillus plantarum GN=lp 0100 PE=3 3V=1

CH60_AHATD 60 kDa chaperonin OS=inaerocellum thermophilum (strain DSM 6725 / 2-1320) GN=grol PE=3 5V=1

GLHE PSESM Glutamate-smmonia-ligase adenylyltransferase 0S=Pseudomonas syringse pv. tomato GN=glnE PE=3 SV=1

WATB HITOC V-type ATP synthase beta chain OS=Nitrosococcus oceani (strain ATCC 19707 / NCIMB 11848) GN=atpB PE=3 SW=1

MTGA PECCP Monofunctional hiosynthetic peptidoglycan transglycosylase O3=Pectohacterium carotovorum swhsp. carotovorum (strain

Exit

W] e

Mascot Score Histogram

Tons score is - 10*Log(P), where P is the probability that the observed match is a random event
Tndividual ions scores > 38 inclicate identity or extensive homology (p<0.05)
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

25 50 k) 100
Protein Score

RL17 STAAl Mass: 13739 Score: 92 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L17 0S=Staphylococcus aureus (strain Mu3 / ATCC
700698) GN=rplQ PE=3 SV=1
Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1358.1028 1357.0955 1356.7249 273 1 92 2.1e-07 1 U R_.RGDGAESVIIELV. -
Proteins matching the same set of peptides:

RL17 STAA2 Mass: 13739 Score: 92 Matches: 1(1) Sequences: 1(1)
50S ribosomal protein L17 O0S=Staphylococcus aureus (strain JH1)
GN=rplQ PE=3 Sv=1

RL17 _ACIET Mass: 14751 Score: 39 Matches: 1(1) Sequences: 1(1)
50S ribosomal protein L17 OS=Acidovorax ebreus (strain TPSY) GN=rplQ
PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
931.7750 930.7677 930.4923 296 O 39 0.055 1 u K.LFNDLGPR.F
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MATRIX,

{scievcrs Mascot Search Results =

User : Monica Kannan

Email : monica kannan2001@yahoo.co.in

Search title H

MS data file  : DATA.TXT Cea

Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) Gthl

Taxonamy : Bacteria (Eubacteria) (325204 sequences)

Timestamp : 21 Jan 2011 at 10:15:35 GMT GetHitls]

Protein hits : RL22 MACCT 3503 ribosomwal protein L22 OS=Nacrococcus caseolyticus (strain JC3C5402) GN=rplV PE=3 3V=1

RL22 ANOFY 505 ribosowal protein L22 OS=Anoxybacillus flavithermus (strain DSN 21510 / UK1) GN=rplV PE=3 3V=1

RL22 CALS8 S50 ribosowal protein L2Z OS=Caldicellulosiruptor saccharolyticus (strain ATCC 43494 / D3N 8903) GN=rplV PE=3 SU=1
RL22 CLOAB 505 ribosowal protein L22 OS=Clostridium acetobutylicum GN=rplV PE=3 5V=1

RL22 STRP? S0S ribosomal protein L2Z 0OS=Streptococcus pneumoniae serotype 2 (strain D39 / NCTC 7466) GN-rplV PE=3 SV=1

RUVC BORBR Crossover junction endodeoxyribonuclease ruvC 05=Bordetella bronchiseptica GN=ruwC PE=3 S¥=1

ADEC_KO0S0T Adenine deaminase OS=Kosmotoga olearia (strain TEF 19.5.1) GN=ade PE=3 3V=1

Y2495 _CYAR5 UPFO758 protein cee 2495 O3=Cyanothece sp. (strain ATCC 51142 GN=cce 2495 PE=3 5V=1

TRUA THEMA tRNL pseuwdouridine synthase 4 O3=Thermotoga maritima GN=trud PE=3 5V=1

PT1 MYCGE  Fhosphoenalpyruvate-protein phosphotransferase OS=Mycoplaswa genitalium GN=ptsI PE=3 SV=1

Exit

RS2 ANAMM 305 ribosowal protein 52 OS=Anaplaswa marginale (strain 3t. Maries) GN=rpsk PE=3 5V=2

GEMAL NWITMU Z,3-hisphosphoglycerate-dependent phosphoglycerate mutase 1 OS=Nitrosospira multiformis (strain ATCC 25196 / NCIMB
FLGA RHIME TFlagellar protein flgi O3=Fhizobiwn meliloti GN=flgd PE=3 5V=2

GEMA TROWI Z,3-bisphosphoglycerate-dependent phosphoglycerate mutase OS=Tropheryma whipplei (strain Twist] Gli=gpmh PE=3 5U=1
HIS8 METI4 Histidinol-phosphate awinotransferase OS=Nethylacidiphiluw infernorum {isolate V4] GN=hisC PE=3 5¥=1

RECX HEIGL Regulatory protein recX O3=Neisseria gonorrhoeae (strain ATCC 700825 / Fi 1090) GN=recX PE=3 SV=1

MUTL NITHH DNA mismwatch repair protein mucl OS=Nitrobacter winogradskyi (strain Mb-255 / ATCC 25391) GN=mutl PE=3 5¥=1

UPPS BACSK Undecaprenyl pyrophosphate synthase 0S=Bacillus clausii (strain ESH-K16) GN=upps PE=3 SV=1

UPPS LACLA TUndecaprenyl pyrophosphate synthase OS=Lactococcus lactis subsp. lactis GN=uppS PE=3 Sv=1

CH602 ANASL 60 kDa chaperonin 2 OS=Anshaena Ip. (strain L31) Gl=grolZ PE=1 5V¥=1

Mascot Score Histogram

Tons score is - 10*Log(P), where P is the probability that the observed match is a random event
Tndividual ions scores = 40 indicate identity or extensive homology (p=0.03)
Protein scores are derived from dons scores as a non-probabilistic basis for ranking protein hits

=3

Hunber of Hits

0 =) 50 79
Protein Score

Peptide Summary Report )
¢ >

i stant [Google |

RL22 MACCJ Mass: 13654 Score: 72 Matches: 2(1) Sequences: 2(1)
50S ribosomal protein L22 OS=Macrococcus caseolyticus (strain
JCSC5402) GN=rplV PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
841.8124 840.8051 840.5433 312 0 48 0.0058 1 U R.LVLDLIR.G

1349.0890 1348.0817 1347.6782 299 1 23 3.92 U K_.EAYANEGPTLKR.F
Proteins matching the same set of peptides:

RL22 STAAl Mass: 12827 Score: 72 Matches: 2(1) Sequences: 2(1)
50S ribosomal protein L22 0S=Staphylococcus aureus (strain Mu3 / ATCC
700698) GN=rplV PE=3 SvV=1

RL22 STAA2 Mass: 12827 Score: 72 Matches: 2(1) Sequences: 2(1)
50S ribosomal protein L22 0S=Staphylococcus aureus (strain JH1)
GN=rplV PE=3 Sv=1

RL22 STAA3 Mass: 12827 Score: 72 Matches: 2(1) Sequences: 2(1)

50S ribosomal protein L22 0S=Staphylococcus aureus (strain USA300)
GN=rplV PE=3 Sv=1
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Protem score is - 10*Log(P), where P 1 the probability that the observed match 15 a randem event.
Protemn scores greater than 68 are signficant (p<0.05)

Humber of Hits

30 40 50
Protein Score

Concise Protein Summary Report

Format As | | Cancise Pratein Summary ¥ Help
Signficance threshold p< 0.05 Maz mumber of hits 20

Re-Search All ‘ Search Unmatched ‘

1. RL19 BIFLL Mass: 13636 Score: 50 Expect: 2.9 Matches: 3
505 ribosomal protein L19 0S=Bifidobacteriun edolescentis (strain ATCC 15703 / DSNM 20083) CN-rplS PE=3 SV=2
YPHE _ECOLI Mass: 55210 Score: 30 Expect: 3.5e+02 Matches: 3
Uncharacterized ABC tramsporter ATP-hinding protein YphE OS=Escherichia coli (strain K12) GN=yphE PE=3 3v=1
CLPQ_BACA2 Mass: 19534 Score: 30 Expect: 3.3e+0Z Matches: 2
ATP-dependent protease subunit ClpQ 03=Bacillus amyloligquefaciens (strain FIB4Z) GN=clpQ PE=3 3V=1
PHS_M¥CEQ Mass: 10373 Score: 29 Expect: 4.3e+02 Matches: 2
Putative pterin-4-alpha-carbinolamine dehydratese O3=Hycobacteriwm bovis GN=Mbll91c PE=3 5V=1
PHS_MYCER Mass: 10373 Score: 29 Expect: 4.3e+02 Matches: 2
Putative pterin-4-alpha-carbinolamine dehydratase OS=Mycobacterium bovis (strain BCG / Pasteur 1173P2) GN=BCG 1221c PE=3 5V=1
PH3_MYCET Mass: 10373 Score: 29 Expect: 4.3e+0Z Matches: Z
Putative prerin-4-alpha-carbinolamine dehydratase OS=Nycobacteriws bovis (strain BCG / Tokyo 172 / ATCC 35737 / THC 1019) GN=JTY_1134 PE=I
PHS_M¥CTA Mass: 10373 Score: 29 Expect: 4.3e+02 Matches: 2

LIS

>
=
=

MATRIA? TN
(i) Mascot Search Results [
User : Monica Kannan
Email + monica kannan2001@yahoe.co.in Results:
Search title o
Datahase : SwissProt 2011 03 (525997 sequences; 185874894 residues) g
Taxonamy : Bacteria {Eubacteria) (325441 sequences) Get Al
Timestamp 1 23 Mar 2011 at 06:08:18 GMT
Top Score : 50 for RL19 BIFAA, 50S ribosomal protein L19 0S=Bifidobacterium adolescentis (strain ATCC 15703 / DSM 20083) GH=rplS PE=3 SV=2 Get Hitfs)

T 1
Mascot Score Histogram 1

Query:

New

Exit

RL19 BIFAA Mass: 13636 Score: 50 Expect: 2.9 Matches: 3

50S ribosomal protein L19 OS=Bifidobacterium adolescentis (strain ATCC

15703 /7 DSM 20083) GN=rplS PE=3 SV=2

Sequence Coverage: 38%
Matched peptides shown in Bold Red
1 MVNAIEAFDA KHMKPAEEIP AFRPGDTVEV NVKIKEGNNS RIQAFTGVVI

51 ARQGGGVRET FVVRKISFGT GVERRFPLHS PAIDSIKVVR KGRVRRAKLY
101 YLRNLRGKAA RIVERRDNSE K
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MATRIX,
{scievcr) Mascot Search Results &
User : Monica Kannan
Email : monica kannan2001@yahoo.ce.in
Search title
S data file  : DATA.IXT Cex
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) Geldl
Taxonomy : Other Protechacteria (154929 sequences)
Timestamp : 24 Jan 2011 at 09:05:22 GMT Get Hits)
Top Score + 45 for RS15 SPHAL, 30% ribosomal protein $15 0S=Sphingopyxis alaskensis GN-rps0 PE=3 SV=1
Mascot Score Histogram

Protein scote is -10*Log(F), where P is the probability that the observed match is a random event
Protein scores greater than 64 are significant (p<0.05)

Exit

WL il L

Hunber of Hits

45
Protein Score

Concise Protein Summary Report

Format As | | Concise Pratein Summary +. Help
Significance threshold p< [0.05 Maz mumber of hits 20

Re-Search All Search Unmatched ‘

1. ®515 SPHAL  Mass: 10312 Score: 45 Expect: 5 Matches: 4
305 ribosomal protein 515 0S=Sphingopyxis alaskensis 6N=rps0 PE=3 SV=1

2. ES15 CAUSK  Mass: 10087  Score: 39 Expect: 21 Matches: 4
305 ribosomal protein 515 OS=Caulohacter sp. (strain X31] GN=rpsO PE=3 5V=1

3.  PL31 PHEZH  Mass: 5288 Score: 38 Expect: 24 Matches: 3
508 ribosomal protein L31 OS=Phenylobacterium zucineum (strain HLK1) GNerpwE PE=3 SV=1

4. OPGD_PSEPF Mass: 61124 Score: 38 Expect: 25 Matches: §

Glucans biosynthesis protein D O3=Pseudowonas fluorescens (strain PE0-1) GN=opgD PE=3 SV=1

5. DAPL_ALCES Mass: 32170 Score: 38 Expect: 28 Matches: 4

Dihydrodipicolinate synthese O$=Alcanivorax borkwwensis (strain SKZ / ATCC 700651 / DS 11573) GN=dapk PE=3 SV=1 &

ijstart  [Google [3

RS15 SPHAL Mass: 10312 Score: 45 Expect: 5 Matches: 4

30S ribosomal protein S15 0S=Sphingopyxis alaskensis GN=rpsO PE=3 SV=1
Match to: RS15 SPHAL Score: 45 Expect: 5

30S ribosomal protein S15 0S=Sphingopyxis alaskensis GN=rpsO PE=3 Sv=1
Sequence Coverage: 44%

Matched peptides shown in Bold Red

1 MSITAERKAE VIKDNARDKG DTGSPEVQVA ILTDRINTLT EHFKTHRKDN
51 HSRRGLLMMV NKRRSLLDYL RKKDEGRYQA LIAKLGLRK

S DY e mm oo
e Rt
i
L z
B o m e e e e e
- | J | I | | | | |
L] 200 LEG 2000 2400 pat=wld
RFE crroe 142 ppm Mazz (Jal
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{stievees Mascot Search Results =]
_Eanad |

User : Monica Kannan

Email : monica kannan2001@yahoo.co.in Results:
Search title H

MS data file  : DATA.IXT Bl
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) Getal
Taxonomy : Bacteria (Eubacteria) (325204 sequences)

Timestamp : 24 Jan 2011 at 10:00:09 GMT Get Hifs)
Protein hits : RL31B PSYA? 505 ribosomal protein L31 type B O3=Psychrobacter arcticus (strain DSM 17307 / 273-4) GN=rpmE2 PE=3 3V=2

o |
oo |
oo |
e
o |
o

PHLA MYCTU Phospholipase C 1 O3=Nycobacteriwn twherculosis GN=plcd PE=1 5V=3

EFTU PLEB0 Elongation factor Tu (Fragment) OS=Plectonema horyanwm GN=tufk PE=3 SV=1

LEUC RHOPB 3-isopropylmalate dehydratase large subunit O3=Rhodopseudononas palustris (strain BisE18) GN=leuC PE=3 SV=1
DXS_THET2 1-deoxy-D-xylulose-S-phosphate synthase OS=Thermus therwophilus (strain HB27 / ATCC BAA-163 / DSM 7039) GN-dxs PE=
MCP3 ECOLI Methyl-amccepting chemotaxis protein ITI O3=Escherichia coli (strain K12) GN=trg PE=1 SV=3

EFTU DESAH Elongation factor Tu OS=Desulfobacterium autotrophicwn (strain ATCC 43914 / DSN 3382 / HRMZ) GH=tuf PE=3 SU=1
ATRA SAIAR Porassiur-transporting ATPase A chain 03=Salwonella arizonae (strain ATCC BAA-731 / CDC346-86 / RSK29G0) GN=kdpi P
DAPE GRABC Dihydrodipicolinate reductase OS=Granulibacter bethesdensis (strain ATCC BAA-1260 / CGDNIH1) GH=dapB PE=3 SU=1
EFTU RHIRD Elongation factor Tu 05=Rhizchium radichacter GN=tufld PE=3 5V=1

MEWH ESCF3 Z-succinyl-f-hydroxy-2,4-cyclohexadiene-1-carboxylate synthase OS=Escherichia fergusonii (strain ATCC 35463 / D3N
ECHR ERWCH Transcriptional activator protein echR 0S=Erwinia chrysanthemi GN=echR PE=3 5V=1

SGAR HYPME Probable transcriptional regulatory protein sgaR OS=Hyphowicrobiwn wethylovorum Gl=sgaR PE=3 SV=1

CIAA AGRRK Heme A synthase OS=Agrobacteriuw radiobacter (strain K84 / ATCC BAA-268) GH=ctal PE=3 SU=1

GATB LACGA Aspartyl/glutamyl-tRNA(Asn/Gln) amidotransferase subunit B O3=Lactobacillus gasseri (strain ATCC 33323 / DSM 20243

Exit

KATG FRAP? Catalase-peroxidase Of=Francisella philomiragia subsp. philomiragia (strain ATCC 25017) GN=katG PE=3 SU=1

ASMA ECOLI Frotein hsnh OS=Escherichia coli [strain Ki2) Gl=asmh PE=4 5V=2

¥2173 VIBPA UPFOS97 protein VP2173 03=Vibrio parahaemolyticus GN=VP2173 PE=3 §V=1

GREE VEREI Frotein grpE OS=Verminephrobacter eisenise (strain EFD1-2) GN=grpE PE=3 3V=1

FBPC AGRTS Fe(3+) ions import ATP-binding protein Fhpc OS=Agrobacterium tumefaciens [strain €S8 / ATCC 33970) GN=fbpC PE=3 3V

Mascot Score Histogram

Tons scote i - 10*Log{F), where P is the probabilty that the observed match is a random event.
Individual ions scotes > 36 indicate identity or extensive homology (p=0.03)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits.

Hunber of Hits

pai) a0 78 100
Protein Score

<

RL31B PSYA2 Mass: 10629 Score: 96 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L31 type B 0S=Psychrobacter arcticus (strain
DSM 17307 / 273-4) GN=rpmE2 PE=3 SV=2

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

2792.3684 2791.3611 2790.3402 366 0O 96 4.3e-08 1 U K.DIHPNYQEVLFHDTNADV
FFLTR.S

Proteins matching the same set of peptides:
RL31B_PSYCK Mass: 10599 Score: 96 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L31 type B 0S=Psychrobacter cryohalolentis
(strain K5) GN=rpmE2 PE=3 SV=1
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{scivce) Mascot Search Results |
i
User : Monica Kannan
Email monica kannan2001¢yahoo.co.in Results:
Search title - ij
MS data file DATA.TXT
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) = GetAl
Taxonomy Other Protechacteria (154929 sequences)
Timest amp : 25 Jan 2011 at 09:18:02 GMT et Hiifs)
Protein hits RS15 PSYA? 305 ribosomal protein 315 O5=Fsychrobacter arcticus (strain DM 17307 / 273-4) Glf=rps0 PE=3 5¥=1
BIOF ALHEH G&-awino-7-oxononanoate synthase OS=Alkalilimnicola ehrlichei (strain MLHE-1) GN=hioF PE=3 SV=1 !
RSMH BEII9 Ribosomal RNA small subunit methyltrensferase H OS=Beijerinckia indiea subsp. indica (strain ATCC 9039 / DSM 1715
SYL METFK  Leucyl-tRNA synthetase OS=Methylobacillus flagellatus (strain KT / ATCC 51484 / DSM 6875) GN=leuS PE=3 V=1 Query
LEPA ERYLH Elongation factor 4 O3=Erythrobacter litoralis (strain HTCC2594) GN=lepd PE=3 3V=1
IHFA XAWP? Integration host factor subunit alpha OS=Xanthohacter autotrophicus (strain ATCC BAR-1158 / Py2) GN=ihfh PE=3 5V=1
LEPA HYPHA Elongation factor 4 0S=Hyphomonas neptunium (strain ATCC 15444) GN=lepd PE=3 SV=1 New
HSLU BARHE ATP-dependent protease ATPase subunit HslU OS=Bartonella henselas GN=hslU PE=3 5V=1 Edt
GLMU RUIMC EBifunctional protein glmll OS=Ruthia magnifica subsp. Calyptogena magnifica GH=glml PE=3 $V=1 4
RLML PSEPG Ribosomal RNA large subunit wethyltransferase L O5=Pseudomwonas putida (strain GB-1) Glf=rlwl PE=3 5V=1
ADD1 VIBPA Adenosine deswinase 1 03=Vibrio paraheemolyticus GN=addl PE=3 SV=1 -
DXS VIBCH  1-deoxy-D-xylulose-5-phosphate synthase 05=Vibrio cholerae GN=dxs PE=3 5V=1
DCUP MYXXD Troporphyrinogen decarboxylase O3=Myxococcus xanthus (strain DK 1622) GN=hewE PE=3 3¥=1
¥2495 CHRSD UPFOO061 protein Csal 2495 0S=Chromohalchacter salexigens (strain DSM 3043 / ATCC BAL-138 / NCIMB 13768) GN=Csal 24
65H1 _SHEON Glutamate--cysteine ligase O5=Shewanella oneidensis GN=gshk PE=3 5V=2
LIPA VIBHB Lipoyl synthase 05=Vibrio harveyi (strain ATCC BiA-1116 / BE120) GN=lipk PE=3 2V=1
HRDR SHEMH Transcriptional repressor NrdR OS=Shewanella halifaxensis (strain HAU-EB4] GN=nrdR PE=3 5W=1
HRDR SHEPW Transcriptional repressor NrdR OS=Shewanella piezotolerans (strain WP3 / JCH 13877) Gl=nrdR PE=3 S¥=1
PBPA RTICTY Penicillin-binding protein 1h OS=Rickettsia typhi GN=wrcd PE=3 5V=1
TTCA FRATM tRNA 2-thiocytidine biosynthesis protein Ttek OS=Francisella tularensis subsp. mediasiatica (strain FSC147) Gli=tte
Mascot Score Histogram

Tons score is -10%Log(P), where P is the probability that the observed match is a random event
Inclividual ions scores > 31 indicate identity or extensive homology (p=0.05)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

Protein Score

RS15 PSYA2 Mass: 10179  Score: 27 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S15 0S=Psychrobacter arcticus (strain DSM 17307
/ 273-4) GN=rpsO PE=3 SvV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unigue Peptide
1421.1529 1420.1456 1419.8198 229 1 27 0.022 1 U R.YTTLISQLGLRR. -

Proteins matching the same set of peptides:
RS15 PSYCK Mass: 10149 Score: 27 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S15 0S=Psychrobacter cryohalolentis (strain K5)
GN=rpsO PE=3 Sv=1
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Query results:

MATRIA? Back
fscimvces Mascot Search Results =
User : Monica Kannan '
Email : monica kannan2001@yahoo.co.in Fiesults
Search title

S data file  : DATA.TXT iJ
Database : SwissProt 2011 03 (525997 sequences; 185874894 residues) | el
Taxonomy : Bacteria (Eubacteria) (325441 sequences) =
Timestamp : 23 Mar 2011 at 06:50:39 GMT Gt Hifs)
Protein hits : RS19 HATTT 305 ribosomal protein 519 O3=Natranaerobius thermophilus (strain ATCC BAR-1301 / DSM 18053 / JW/NM-UN-LF| GN=rps3

RS19 ANOF¥ 305 ribosowal protein 519 O5=Anoxybacillus flavithermms (strain DSM 21510 / WE1) GN=rps$ PE=3 5v=1

RS19 CHLAA 305 ribosomal protein 519 OS=Chloroflexus aurentiacus (strain ATCC 29366 / DSN 635 / J-10-£l) GN=rpsS PE=3 5V=2
RS19 DESAP 305 ribosowal protein 518 0S=Desulforudis audaxviator (strain MP104C) GN=rpsS PE=3 5V=1

RS19 HELMI 30% ribosowal protein 519 OS=Heliobacterium modesticaldws (strain ATCC 51547 / Icel] GM=rps3 PE=3 SVU=1
HEMTB_PSEAB Bacterichewerythrin OS=Pseudomonas aeruginosa (strain UCBPP-PA14] GN=PA14 42860 PE=3 5V=1

SURA NITOC Chaperone surk OS=Nitrosococeus oceani (strain ATCC 19707 / NCIME 11848) GN=swrd PE=3 SU=1

IMDH RHITR Inosine-5'-monophosphate dehydrogenase OS=Rhizobium tropici GN=guaB PE=3 SW=1

IF2 STRMU  Translation initiation factor IF-2 O%=Streptococcus mutans GN=infB PE=3 3V=1

HEM3 BORBR Porphchilinogen deaminase 05=Bordetella bronchiseptica Gli=hemC PE=3 5¥=1

GLGA LACPL Glycogen synthase OS=Lactobacillus plantarum GN=glgh PE=3 5V=1

MEND CORJK 2-succinyl-S-enolpyruvyl-6-hpdroxy-3-cyclohexene-1-carhoxylate synthase OS=Corgnebacterium jeikeium (strain E411)
ENO CHLCH Enolase O3=Chlorobium chlorochrowatii (strain Cal3) GN=eno PE=3 3V=1

UPPS STRT1 Undecaprenyl pyrophosphate synthase (S=Streptococcus thermophilus (strain CNRZ 1066) GN=upp$ PE=3 5V=1

¥423 PSEE4 UPF02239 protein PSEEND423 OS=Pseudomonas entowophila (strain L48) GN=PSEEND423 PE=3 5V=1

PLSX THEP1 Phosphate acyltransferase OS=Thermotoge petrophila (strain RKU-1 / ATCC BAA-488 / DSM 13995) GN=plsX PE=3 SU=1
Y059 _ACTF2 UPFO082 protein AFE 0055 OS=hcidithiohacillus ferrooxidans (strain ATCC 23270 / DSM 14882 / NCIB §455) GN=AFE 0053
MED MYCBO Transcription-repair-coupling factor 0S=Nycohacterium hovis GH=mfd PE=3 3v=1

YXIOF BACSU Uncharacterized oxidoreductase yxjF 0S5=Bacillus subtilis GN=yxjF PE=3 5V=2

RIMM AZOC5 Ribosome waturation factor riml OS=izorhizobiuw eaulinodans (strain ATCC 43989 / DSM 5975 / ORS 571) GH=riwl PE=3

2

Exit

LISIR

Mascot Score Histogram

Tons score is - 10*Log(F), where P is the probability that the observed match is a random event
Individual ions scores » 39 indicate identity or extensive homelogy (p<0.05)
Protein scores are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunmber of Hits

Protein Score

RS19 NATTJ Mass: 10763  Score: 53 Matches: 1(1) Sequences: 1(1)

30S ribosomal protein S19 OS=Natranaerobius thermophilus (strain ATCC
BAA-1301 / DSM 18059 / JW/NM-WN-LF) GN=rpsS PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

K.HVPVFITEDMVGHKLGEFAPTR.T

2496.1654 2495.1581 2495.2631-42.08 1 53 0.0022 1 U | Oxidation (M)
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{itigsces Mascot Search Results [z ]
_Ead |

User : Monica Kannan

Email : monica kannan2001@yahoo.co.in Resuls.
Search title H

MS data file  : DATA.TXT Loy
Database : SwissProt 2011 01 (524420 seguences; 185205850 residues) Get Al
Taxonomy : Bacteria (Eubacteria) (325204 sequences)

Timest amp : 25 Jan 2011 at 09:28:41 GMT Get Hitls)
Protein hits : RL27 _BNOFY 505 ribosowal protein L27 O3=hnoxybacillus flavithermms (strain D3N 21510 / WKL) GN=rpmd PE=3 5V=1

o |
T |
Zoum |
e
" |
]

RL27 BACCH 505 ribosowal protein L27 03=Bacillus cereus subsp. cytotoxis (strain NVH 391-88) GN=rpmd PE=3 3V=1

RL2 CHLPB 503 ribosomal protein LZ 03=Chlorobium phaechacteroides (strain BS1) GN=rplE PE=3 V=1

RURE ACIAD Rubredoxin-NAD(+) reductase OS=icinetchacter sp. [strain ADP1) GN=rubB PE=1 S5V=2

Y4LL RHISH Uncharacterized protein y41L OF=Rhizobium sp. (strain NGRZ34) GH=NGR_ali630 PE=4 5v¥=1

TBPB HEIMA Transferrin-binding protein 2 OS=Neisseria weningitidis serogroup A GN=thpB PE=3 &v=1

FKBZ PSEAE Probable FEEP-type 25 kbDa peptidyl-prolyl cis-trans isomerase 0S=Pseudomonas seruginosa G=fkl PE=3 SV=2
KAD_DESAD ihdenylate kinase OS=Desulfovibrio salexigens (strain ATCC 14822 / DSM 2635 / NCIB G403 / VEN B-1763) Gl=adk PE=3 5V
COXX AHADE Protoheme IX farnesyltransferase OS=Anmeromyxobacter dehalogenans (strain 2CP-C) GN=ctaB PE=3 3V=2

RIMM BRAJA Ribosowe waturation factor riwM OS=Bradyrhizobiuw japonicum Gi=rimM PE=3 5V=1

DADA BORBR D-amino acid dehydrogenase swall subunit O3=Bordetella bronchiseptica GN=dadd PE=3 V=1

RL4 MICAN 50S ribosomal protein L& OS=Microcystis aseruginosa (strain NIES-843) GN=rplD PE=3 Sv=1

KAD BURXL Adenylate kinase O3=Burkholderia xenovorans (strain LB400) GN=adk PE=3 5V=1

HEM1 CHLT2 Glutamyl-tRNA reductase OS=Chlemydia trachowatis serovar L2 (strain 434/Bu / ATCC WR-00ZB] Gl=hemwd PE=3 SV=1
EAD PSEU? ldenylate kinase OS=Pseudowonas syringae pw. syringas (strain B728a) Gl=adk PE=3 V=1

Exit

RL27 STAS1 S0S ribosomal protein L27 OS=Staphylococcus saprophyticus subsp. saprophyticus (strain ATCC 15305 / DS 20229) 6N=r
EF6 NITEC Elongacion factor G OS=Nitrosomonas eutropha (strain C91) GN=fusk PE=3 V=1

RSMH_ENTS8 Ribosowal RNA small subunit methyltransferase H O3=Enterchacter sakazekii (strain ATCC BAR-594) GN=rswH PE=3 V=1
CYST BLOFL Sulfite reductase [NADFH] hemsprotein beta-component O5=Blochmannia floridanus GN=cysI PE=3 5V=1

SYA AGRTS Alanyl-tRNA synthetsse OS=Agrobacterium turefaciens (strain €58 / ATCC 33970) GN-alag PE=3 5V=2

Mascot Score Histogram
Tons score is - 10*Log(P), where P is the probability that the observed match is a random event

Tndividual ions scores > 40 inclicate identity or extensive homology (p<0.05)
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

T
150
Protein Score

RL27 ANOFW Mass: 10588 Score: 173 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L27 O0S=Anoxybacillus flavithermus (strain DSM
21510 / WK1) GN=rpmA PE=3 Sv=1
Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1484.1303 1483.1230 1482.7467 254 0 66 0.00011 1 U R.ADGQFVTGGSILYR.Q
1640.3200 1639.3127 1638.8478 284 1 107 1e-08 1 U K.RADGQFVTGGSILYR.Q

RL27 BACCN Mass: 10529 Score: 173 Matches: 2(2) Sequences: 2(2)

50S ribosomal protein L27 OS=Bacillus cereus subsp. cytotoxis (strain

NVH 391-98) GN=rpmA PE=3 Sv=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1484.1303 1483.1230 1482.7137 276 0 66 0.00011 1 U R.ADGQMVTGGSILYR.Q
+Oxidation (M)

1640.3200 1639.3127 1638.8148 304 1 107 le-08 1 U  K.RADGQMVTGGSILYR.Q
+ Oxidation (M)
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=

RL27 DEIGD 503 ribosomal protein L27 OS=Deinococcus geotherwalis (strain DSM 11300) GN=rpmi PE=3 3V=1

LIGD PSEPA C alpha-dehydrogenase OS=Pseudomonas pawcimchilis GH=ligD PE=3 SV=1

RL27 BETI9 505 ribosomal protein 127 OS=Beijerinckia indica subsp. indica (strain ATCC 9039 / D3N 1715 / NCIB 8712) GN=rpmi P
GLMU BURCA Eifunctional protein glml OS=Burkholderia cenocepacia (strain AU 1054) GN=glmU PE=3 Sv=1

BIOB CHLFF EBiotin synthase OS=Chlamydophila felis (strain Fe/C-56) Gli=bioB PE=3 SV=1

Y2510 _BURM1 UPFO434 protein Buml_0750/BMULJ 02510 Of=Burkholderia mulvivorans (strain ATCC 17616 / 249) GN=Bwul 0750 PE=3 V=1 Hew
DHLJ PSEPF DNA ligase O3=Pseudomonas fluorescens (strain PL0-1) GN=ligk PE=3 3V=1

TIG_THERP  Trigger factor OS=Thermomicrohium rosews (strain ATCC 27502 / DSM 5159 / P-2) GN=tig PE=3 SV=1
UVRC PSEPE UvrlEC system protein C O3=Pseudowonas putida (strain KT2440) Gl=uvrC PE=3 5V=1

DPO3 STRA3 DNA polymerase III polC-type OS=Streptococcus agalactiae serotype ITT G=polC PE=3 $V=1

GSHB BUCAP Glutathione synthetase 0S=Buchnera aphidicola subsp. Schizaphis gramimmn GN=gshB PE=3 SV=1

(MATRIX
ficizsce) Mascot Search Results N
User : Monica Kannan
Email : monica_kannan20018ycheo.co.in Reslts
Search title  :
MS data file  : DATA.TXT e
Datahase : SwissProt 2011 03 (525997 scquences: 185874894 residues) el
Taxonomy : Bacteria (Eubacteria) (325441 sequences) =
Timestamp i 24 Mar 2011 at 10:29:27 GMT Get Hifs]
Protein hits  : RL27 BIFAQ 509 ribosomal protein L27 OS-Bifidohacterium aniwalis swbsp. lactis [strain ADOL1) G-rpmk PE-3 V-1
—
Query

Exit
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METE BURXL 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase OS=Burkholderia xenovorans (strain LE400) GH
RLUE XANCP Ribosomal large subunit pseudouridine synthase E OS=Fanthowonas campestris pv. campestris GN=rluE PE=3 SV=1

LEU3 BUCUN 3-isopropylmalate dehydrogenase OS=Fuchners aphidicola subsp. Urolencon sonchi GN=leuB PE=3 5V=1

PURA BARQU Adenylosuccinate synthetase OS=Bartonella guintana GN=purk PE=3 SV=1

DPO3 THEP1 DNA polymerase IIT polC-type OS=Thermotoga petrophila (strain RKU-1 / ATCC BAR-483 / DSM 13995) GN=polC PE=3 SV=1
SYA XANC5  Ailanyl-tRNA synthetase 0S=Zanthomonas cempestris pv. vesicatoria (strain 85-10) GH=ala PE=3 3v=1

COMBA_BACHD CowmG operon protein 1 homolog OS=Bacillus halodurans GN=cowGL PE=3 5V=1

ARGB THICR Acetylglutamate kinase O3=Thiomicrospira crunogena (strain XCL-2) GN=argB PE=3 SWV=2

Mascot Score Histogram
Tons score 15 -10%Log(P), where P 15 the probability that the observed match 15 a random event.

Indiwidual tens scores » 32 mdicate identity or extensiwe homolegy (p<0.05).
Protein scores are derived from fons scores as a nen-probabilistic bass for ranking protein hits

Hunber of Hits

Protein Score

RL27 BIFAO Mass: 8901  Score: 28 Matches: 1(1) Sequences: 1(1)
50S ribosomal protein L27 OS=Bifidobacterium animalis subsp. lactis
(strain ADO11) GN=rpmA PE=3 SV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide

1529.9352 1528.9279 1528.8726 36.2 1 28 0.051 1 U K.KFGGEAVVAGNIIVR.Q

Proteins matching the same set of peptides:
RL27 BIFAA  Mass: 8890 Score: 28 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L27 OS=Bifidobacterium adolescentis (strain ATCC
15703 / DSM 20083) GN=rpmA PE=3 SvV=1

RL27 BIFLD Mass: 8812  Score: 28 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L27 OS=Bifidobacterium longum (strain DJO10A)
GN=rpmA PE=3 SV=1
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{stivers Mascot Search Results

User : Monica Kannan

Email : monica kannan2001gyahoo.co.in

Search title

S data file  : DATA.IXT Cex
Database : SwissProt 2011 01 (524420 sequences; 185205850 residues) Getdl
Taxonomy : Bacteria (Eubacteria) (325204 sequences) i
Timestamp : 27 Jan 2011 at 05:20:45 GMT Get Hitfs)
Protein hits : RL30 KINRD 505 ribosomal protein L30 OS=Kineococcus radiotolerans (strain ATCC EAA-149 / D5M 14245 / SR330216) GN=rpmD PE=3 5V

EFTS CLOPE Elongation factor Ts O3=Clostridium perfringens GN=tsf PE=3 3V=1

HCCA ALCXX Nickel-cobalt-cadmium resistance protein Nech OS=hlcaligenes xylosoxydens xylosoxydans GN=ncck PE=3 5U=1
DHLT OCETH DNA ligase OS=Oceancbacillus iheyensis GN=ligh PE=3 5V=1

MODB_HAEIN Molyhdenum trensport system permease protein modE OS=Haemophilus influenzae GN=modB PE=3 SV=1

YHIT ECOLI Uncharacterized protein yhil O5=Escherichia ecoli (strain Ki2) GN=yhil PE=4 5V=1

G6PD_SYNE7 Glucose-6-phosphate 1-dehydrogenase (S=Synechococeus elongatus (strain PCC 7942) GN=gwf PE=3 $V=2
AROE_SALCH Shikimate dehydrogenase O5=Salwonella choleraesuis GN=aroE PE=3 5V=1

AROE_YERPA Shikimate dehydrogenase 0S=Yersinia pestis bv. Antiqua (strain Antigua) GN=arcE PE=3 SV=1

CH60 LISTH 60 kDa chaperonin OS=Listeria innocua GN=grol, PE=3 5V=1

HUOD_RHOFD NADH-quinone oxidoreductase subunit I O5=Rhodoferax ferrireducens (strain D3N 15236 / ATCC BAA-621 / Ti18) GN=nuoD
SYE2 RICCH Glutamyl-tRNA synthetase 2 OS=Rickettsia conorii GN=gltX2 PE=3 5V=1

RIMN ROCFA Ribosowal FNA large subunit methyltransferase N O3=Nocardia farcinica GN=rlxll PE=3 3VW=1

MURI GEOMG Glutamate racemase OS=Geobacter metallireducens (strain GS-15 / ATCC 53774 / DSM 7210) GM=wurl PE=3 SU=1
CGGR_BACMD Central glycolytic genes regulator OS=Bacillus megaterium (strain D3M 319) GN=cggR PE=3 §V=1

SYK MYCPN Lysyl-tENA synthetase OS=Hycoplasma pneumonisme GN=lys$ PE=3 SV=1

EFP BUCAT Elongation factor P OS=Buchnera aphidicola subsp. Acyrthosiphon pisuwn GN=efp PE=3 SV=1

EFTS RICBR Elongation factor Ts O%=Rickettsia bellii (strain RML369-C) GN=tsf PE=3 SV=1

UDP ECOLI TUridine phosphorylase O3=Escherichia coli (strain Ki2) GN=udp PE=1 3v=3

ATPE_RUBXD ATP synthase subunit beta O3=Rubrobacter xylanophilus (strain DSIH 9941 / NBRC 16129) GN=atpD PE=3 SV=2

Exit

B Tglefef []

Mascot Score Histogram

Tons score is -10¥Log(P), where P is the probability that the observed match is a random event
Indiwidual ions scores > 33 indicate identity o extensive homology (p=0.05)
Protein scotes are derived from fons scores as a non-probabilistic basis for ranking protein hits

Hunber of Hits

40
Protein Score

RL30 KINRD Mass: 6741 Score: 44 Matches: 1(1) Sequences: 1(1)

50S ribosomal protein L30 OS=Kineococcus radiotolerans (strain ATCC
BAA-149 / DSM 14245 / SRS30216) GN=rpmD PE=3 SvV=1

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unigue Peptide

1044.9664 1043.9592 1043.5724 371 0 44 0.0033 1 U K.VTQINSGIGR.K
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Ea-ZP_05619579.1 K : TPVIGI IRAVT, IIAGKEYAKTQG-------- TEAPABAAAE-----------
P-YP 001279463.1 IPVIGI I IRAVT TIAGREYARTQAGGANEAPAAEDVOTEEAAAPEADCAR- - - ---------
A-YP_003731351.1 I F { IPVIGI IRAVT ILAGKEYAQSQAN-------- AQAKGDDAARDASEA--------------
He-52 ---
Gp-ZP_04956503.1 : _ S-EAEEAAVE- - APAAPARADPA------
€1-7P_01104286.1 A [RARQMEK IK EAAAAAEPAVETGAAAEP PEDA
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Fig: 35Ai. Multiple sequence alignment for peptide (m/z 1551.01) of ribosomal protein S2. Labels were given in top to bottom

order. Mc, Moraxella catarrhalis RH4; Ea, Enhydrobacter aerosaccus; P, Psychrobacter sp. PRwf-1; A, Acinetobacter sp. DR1; He,

Halomonas eurihalina DSM 5720; Gp, Gamma Proteobacterium NOR51-B; Cl, Congregibacter litoralis KT71; He, Halomonas elongata

DSM 2581; Ep, Erwinia pyrifoliae Ep1/96; Ta, Tolumonas auensis DSM 9187; B, Burkholderiales bacterium.
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Fig: 35Aii. Multiple sequence alignment for peptide (m/z 3281.0785) of ribosomal protein S2. Ah, Aeromonas hydrophila ATCC

7966; M, Moritella sp. PE36; Am, Alteromonas macleodii; Pa, Psychrobacter arcticus 273-4; Ea, Enhydrobacter aerosaccus SK60;

Ac, Acinetobacter calcoaceticus RUH2202; He, Halomonas eurihalina DSM 5720; Mgp, Marine Gamma Proteobacterium; G,

Geobacter sp. FRC-32; P, Paenibacillus sp. str. D14.
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Kd-ZP_08134009.1
Sm-ZP_06754404.1
Nb-EGF11431.1
P1-GAA03089.1
ch-ZP_06051157.1
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=
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Vc-AEA77598.1 A A : F : P 150
Mgp-ZP701613519.1 K ] AEP; 150
He-L1 14

Mc-YP_003626419.1 VAILNBLPA AVF I GTILGP] 150

Ea-ZP_05620175.1 LAEAVETLNKLPP. 1A RGA AVF 1R 3T ILGE) 150

P-YP_001280929.1 xs av|:nn|npp LG PRE; RG2 nvr a; PRGL 150
20 40

Kd-ZP_08134009.1 Vi : R FDALLDAIVKARPA. 231
Sm-ZP_06754404.1 KNAK ) FDALLDAL fﬂ"pan G UNS--- 231
Nb-EGF11431.1 F VNS--- 231
P1-GAA03089.1 KNAK2 ¥ 4 LKTNVA 234
Gh-ZP_06051157.1 VENAK? i A LD$I:| 234
Vc-AEATT7598.1 KNAKA KVIFEA F ( LSAQV- 233
Mgp-ZP_01618519.1 TAVENAKA FDA LEF--- 231
He-L1 14
Mc-YP_003626419.1 T TALLND. INIKKI GPGIT RVNK- 233
Ea-ZP_05620175.1 GFS SALIAD PATSKGI¥IKKI GPGINLIPVPY¥RNA-- 232
m&i%ﬂ HEEEE T

.......................................... 21000000 002200 0000002

Fig. 35Bi. Multiple sequence alignment for peptide (m/z 1209.71) of ribosomal protein Lla. Kd, Kingella denitrificans ATCC
33394; Sm, Simonsiella muelleri ATCC 29453; Nb, Neisseria bacilliformis ATCC BAA-1200; PI, Photobacterium leiognathi; Gh,
Grimontia hollisae CIP 101886; Vc, Vibrio cholerae LMA3894-4; Mgp, Marine Gamma Proteobacterium HTCC 2143; He,
Halomonas eurihalina DSM 5720; Mc, Moraxella catarrhalis RH4; Ea, Enhydrobacter aerosaccus SK60; P, Psychrobacter sp.

PRwf-1.
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Ln-ZP_03700362.1 LNAKI LSL F
Cv-NP_903866.1 LKATVD IAL _
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A-7P_05043056.1

SBEEEEEBEEE
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Ln-ZP 03700362.1 IGRASFE LSRLVDAL STVNA-- 231
Cv- NP ' 903866.1 FSALVDAL IGAR ATVNA-- 231

He-L --- 16
Mc- YP_003626419 1 TAV I DQI TALL GPEIT Ri 233
Ea-ZP_05620175.1 I SJILI KKA] ! GPGIN P\T RNA- 232
Pa-YP 265172.1 I:v X I sz : ( GPGLS REAR 233
Aj-ZP _06067256.1 NAV KA AT TLI K C GPGL Nuvsx-- 231
AV-YP_002797840.1 SAVI VGKIDFEPIK K GPGLVIDQASLEA-- 231
Pa-ZP_04936240.1 T 151

Mn-YP_004311368.1 T navas:nr.nna: GPGLL LEALSE-- 231
A-ZP_05043056.1 GGI clvq'vcmssu epaz.s pr.smu:-- 231

.......................................... 210....... vevenaa

Fig: 35Bii. Multiple sequence alignment for peptide (m/z 1497.76) of ribosomal protein Lla. Ln, Lutiella nitroferrum 2002;
Chromobacterium violaceum ATCC 12472; He, Halomonas eurihalina DSM 5720; Mc, Moraxella catarrhalis RH4; Ea,
Enhydrobacter aerosaccus SK60; Pa, Psychrobacter arcticus 273-4; Aj, Acinetobacter junii SH205; Av, Azotobacter vinelandii DJ;
Pa, Pseudomonas aeruginosa 2192; Mm, Marinomonas mediterranea MMB-1; A, Alcanivorax sp. DG881.
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Mm-YP 004311368.1 MAR 4 A 150
He-YP_003896294.1 MAK A 150
A-ZP 05043056.1 MAK A 150
Av-YP 002797840.1 MAK IA 150
Ln-ZP_03700362.1 IA p LM 150
Cv-NP 903866.1 IA IASP GLMP! 150
He-L1 IA 18
Mc-YP_003626419.1 MA KDR VAILNDLPA IA AG (€] LGTILG P A 150
Ea-ZP_05620175.1 MAK AT A LAEAVEILNKLPP IA GADIVG G LGTILG PNVV 150
Pa-YP 265172.1 i ; \VQILNDLEP! IA AGADIVG TAA LGTILGPRGLMP PNVA 150
Aj-ZP_06067256.1 \VQVLSSLP, IA AGADIVG [ IAA KLGTILGPRGLMP POVA 150
9 110 120 130 140 150

Mm-YP 004311368.1 TAV AGQARYRTDK AGVGSIDFEADAT A | 231
He-YP_003896294.1 TAV e LGKVDFDAAAL F 230
A-ZP 05043056.1 KNAK VGEVEFDESAT, ! AR F 231
Av-YP 002797840.1 SAV A GKIDFEPIK : 231
Ln-ZP_03700362.1 V A IGRASFE 231
Cv-NP_903866.1 KNAKA 231
L G 7 et e 18
Mc-YP_003626419.1 TA y GI IGQVGFTADQI TALL GPGIT VNE 233
Ea-ZP_05620175.1 R GI I oI SALI 232
Pa-YP 265172.1 I:v YR a1 IGQVa oVI LI 233
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.............. TOS5 s a8l om0 sl S nd 00 oL o b s 2 B0 e 0 0 s en 5. 2300 0

Fig: 35Biii. Multiple sequence alignment for peptide (m/z 1772.92) of ribosomal protein L1a. Mm, Marinomonas mediterranea
MMB-1; He, Halomonas elongata DSM 2581; A, Alcanivorax sp. DG881; Av, Azotobacter vinelandii DJ; Ln, Lutiella nitroferrum 2002;
Cv, Chromobacterium violaceum ATCC 12472; He, Halomonas eurihalina DSM 5720; Mc, Moraxella catarrhalis RH4; Ea,
Enhydrobacter aerosaccus SK60; Pa, Psychrobacter arcticus 273-4. Aj, Acinetobacter junii SH205.
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Pa-YP 265172.1 (LT¥ R VQILNDLPP
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He-L1

Pr-zp 06127179.1
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Mm-YP 004311368.1 M
Rs-NP_521158.1
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Td-YP 314153.1

Pa-YP_265172.1 AGI IGQVG I F GPGLS 233

Ea-ZP 05620175.1 AGI I G ALI GPGIN RNA- 232

Mc YP —003626419.1 TA AGI TALL GPGIT 233
F.

-------------------- 19
Pr ZP_06127179 1 NGI ( GLSATV 233
Pm-YP_002152489.1 VE NGI (
Ci-YP 001581158.1 TAV GGI GPGLV LAV-- 231

LSATV 213
MIn-YP:OOAHllBG 8.1 T AGVGSID K A FM] GPELLIBLEALSF-- 231

Rs-NP_521158.1 T K K : ) GVGVR LSA-- 231
Cv-NP_903866.1 Ea ( R ASK GIGARVOTATVNA-- 231
Td-YP 314153.1 EA 3 AESK F cvev GEVAA-- 231

Fig: 35Biv. Multiple sequence alignment for peptide (m/z 1824.79) of ribosomal protein L1a. Pa, Psychrobacter arcticus 273-4;
Ea, Enhydrobacter aerosaccus SK60; Mc, Moraxella catarrhalis RH4; He, Halomonas eurihalina DSM 5720; Pr, Providencia rettgeri
DSM 1131; Pm, Proteus mirabilis H14320; Cj, Cellvibrio japonicus Uedal07; Mm, Marinomonas mediterranea MMB-1; Rs, Ralstonia
solanacearum GMI1000; Cv, Chromobacterium violaceum ATCC 12472; Td, Thiobacillus denitrificans ATCC 25259;
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Fig: 35Ci. Multiple sequence alignment for peptide (m/z 1619.75) of ribosomal protein L2. Sl, Syntrophothermus lipocalidus DSM
12680; Da, Dethiobacter alkaliphilus AHT 1; L, Lachnospiraceae bacterium; Pa, Pseudoramibacter alactolyticus ATCC 23263; Ah,
Anaerococcus hydrogenalis ACS-025-V-Sch4; Sl, Staphylococcus lugdunensis HKUQ9-01; Er, Erysipelothrix rhusiopathiae ATCC 19414,
Ck, Candidatus Koribacter versatilis Ellin345; He, Halomonas eurihalina DSM 5720; Bb, Borrelia burgdorferi.
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Fig: 35Cii. Multiple sequence alignment for peptide (m/z 1733.60) of ribosomal protein L2. Ba, Bacillus amyloliquefaciens TA208;

Sp, Staphylococcus pseudintermedius HKU10-03; Ec, Eremococcus coleocola ACS-139-V-Col8; Au, Aerococcus urinae ACS-120-V-
Col10a; MI, Mycoplasma leachii PG50; He, Halomonas eurihalina DSM 5720; Pa, Pseudoramibacter alactolyticus ATCC 23263; Ps,

Peptostreptococcus stomatis DSM 17678; Ec, Eubacterium cellulosolvens 6; Bp, Butyrivibrio proteoclasticus B316.
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He-L1
81-7P_07911986.1
Mc-YP_002561273.1
Af-YP_002314462.1
Gt-YP_001124226.1
Ef-ZP 05659996.1
c-zp_07831746.1
A1-YP_001620169.1
Bm-ZP_06806651.1
A-ZP 06162885.1
Sa-ACR48352.1

He-L1
s1-zP_07911986.1
Mc-YP_002561273.1
Af-YP_002314462.1
Gt-YP_001124226.1
Ef-ZP_05659996.1
c-ZP 07831746.1
Al-YP_001620169.1
Bm-ZP_06806651.1
A-ZP 06162885.1
Sa-ACR48352.1

MGPEVKVTVEK
MGEG
NGPGVPI
MGPGIP.
MGPGI

Fig: 35D. Multiple sequence alignment for peptide (m/z 1741.84) of ribosomal protein L1b. He, Halomonas eurihalina DSM 5720; S,
Staphylococcus lugdunensis M23590; Mc, Macrococcus caseolyticus JCSC5402; Af, Anoxybacillus flavithermus WK1; Gt, Geobacillus
thermodenitrificans NG80-2; Ef, Enterococcus faecium 1,230,933; C, Clostridium sp. HGF2; Al, Acholeplasma laidlawii PG-8A; Bm,
Brevibacterium mcbrellneri ATCC 49030; A, Actinomyces sp. oral taxon 848 str. FO332; Sa, Streptomyces actuosus;
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C-ZP_06345706.1  MGQKVNPHCLRVGVIK A KIEIER ; KKLFI K 134

Bf-ZP 05347166.1 134
Ri-CBL0B8548.1 134
Er-YP 002936349.1 134
0s-ZP 03990200.1 136
Dh-YP_002456931.1 134
Sc-YP 001618607.1 149
Tg-YP_002960363.1 114
Ph-NP 143610.1 114
He-83 19
M-YP 003459138.1 113

C-ZP 06345706.1 AMGREMEA R MARTEF 2 KLGVEVWIZKGEVLPVE - - GNKEGSDK - - - - - - - - - 218
Bf-ZP 05347166.1 R R ARTEF IFAEA KLGVEVWIYNGEILPTE - - TAKE- - - -~ - ------ 214
Ri-CBLOB548.1 1 R MARTEF AER WIYRGEVLPIR- - ANKBGGYQ- - - - - - - - 218
Er-YP 002936349.1 BCMGRA ) MAR I AER KVGVEVWIYRGEVLPEE - - ANKEGGAK - - - - - - - - - 218
0s-ZP_03990200.1 QAMSREMEA } REF AER 220
Dh-YP 002456931.1 QEV 219
Sc-YP_001618607.1 KA 230
Tg-YP 002960363.1 209
Ph-NP_143610.1 K RAK AQR : 210
£ (- e T T ey yupupuy 19
M-YP 003459138.1 ﬁvnlmmn]av:vn.clx.m |u.xmanx|cuzm|xm|mnu|mIIGVTVKIIQPDVLLPI]III[DTEVKHWEEE' - 207

................................... 200,00 00000220000 00002200000004230.000000.240000000

Fig: 35E. Multiple sequence alignment for peptide (m/z 1733.13) of ribosomal protein S3. C, Clostridium sp. M62/1; Bf, Bryantella
formatexigens DSM 14469; Ri, Roseburia intestinalis M50/1; Er, Eubacterium rectale ATCC 33656; Os, Oribacterium sinus F0268; Dh,
Desulfitobacterium hafniense DCB-2; Sc, Sorangium cellulosum 'So ce 56'; Tg, Thermococcus gammatolerans EJ3; Ph, Pyrococcus
horikoshii OT3; He, Halomonas eurihalina DSM 5720; M, Methanocaldococcus sp. FS406-22.
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LS-EFS01095.1 moooocoioo oo

Sc-ZP_08059972.1 MANRL] 'j- ;
2 - s I|m.u

Af-YP_0023144086.1 -MNRLEEKYLKEVVPALM

Gm-ZP_07954538.1 DRFKSEIFRELY

KF Ilpm

Eg-ZP 05650182.1
Mc-YP_002559610.1 T, ]

Av-ZP 06808342.1
Ge-ZP_05852175.1
B-ZP 08008955.1
He-L5

B e

=
Z
=
e

Sf-YP_845689.1 unl:..qn.nms.rq u]:plnsnnlucz.qnI.:qusu.r.eurﬂw“uupixmupmcw'q F

.............................................................................. ST et & | s ) ol Y BN, 7 | e

Av-ZP_06808342.1 180
Ge-ZP_05852175.1 179
Ls-EFS01995.1 137
Sc-ZP_08059972.1 180
Eg-ZP_05650182.1 179
B-ZP_08008955.1 179
Af-YP 002314486.1 179
Gm-ZP_07954538.1 RGM 179
Mc-YP_002559610.1 R 179
He-L5 17

Sf-YP_845689.1  KGMNITIVETARNDDEARTLLALMGMPFXE 179

....... 160.......170.......180

Fig: 35F. Multiple sequence alignment for peptide (m/z 1861.16) of ribosomal protein L5. Av, Aerococcus viridans ATCC 11563; Ge,
Granulicatella elegans ATCC 700633; Ls, Listeria seeligeri FSL S4-171; Sc, Streptococcus cristatus ATCC 51100; Eg, Enterococcus
gallinarum EG2; B, Bacillus sp. 2_A 57_CT2; Af, Anoxybacillus flavithermus WK1; Gm, Gemella moribillum M424; Mc, Macrococcus
caseolyticus JCSC5402; He, Halomonas eurihalina DSM 5720; Sf, Syntrophobacter fumaroxidans MPOB;
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LRk kR,

Ck-YP 004023673.1 KIDG- ETHPEMIVK QIIV e X IEEPAGITIEVPD( QVENE!
Tw-ZP_07548515.1 1. IP KVSE TL KFPPIVNIEVKDNQVI GIC Iqueilxwxq KVEQV.
He-L6 K

Se-NP 765363.1 ME] IDIPEDVTVTFE- u~ VIVEGP, LNERMTFK TVEVVRP GYEK RA 3K 1 GITFAVE

Cb-ZP_04863304.1 M8 L IEIPNGVNVIVIPE KGP HEDINIA NIVVIERPSENA ) YOR R2 K IKA AVP

Eg-ZP_05650185.1 MSF KGPKGELKRTFSSDIKMN EVTFIR K 3 K IEAPAG P

Ga-ZP_05737941.1 & K FNONISLEQREGEVVF . ;ﬂ )i FTPEEG P

B-ZP 01173199.1  MSRV N KGP FSPDMAIS VSRP K 7 RAQKQGEK IVPEEG P

PKGT,

Mc-YP 002559613.1 MSRVCH : - RGP FNEELTHK RPSDSKA VX RAQMOGE SvaBlaITLoHD
p-ZP 04854514.1  MSRIGI z 2 K : B :
8-YP_478804.1 LPPLITVQONAQ

40 5

Ck-YP_004023673.1 KVREPD 182
w25 0754516.1 ruieanaNaNg I:Hl’vﬂw o9
Halh  co=eereboeetoostoocoolstoosiosooo 17
Se-NP_765363.1 SVRPPEP ] 178

Cb-ZP_04863304.1 P 179
Eg-ZP_05650185.1 PPEP 178
Ga-ZP_05737941.1 PPEP 178
B-ZP 01173199.1 DVRP 178
Mc-YP_002559613.1 i3 178
P-ZP 04854514.1  SVRE 180
S-YP_478804.1 AVRP! 181

Fig: 35G. Multiple sequence alignment for peptide (m/z 1682.89) of ribosomal protein L6. Ck, Caldicellulosiruptor kronotskyensis
2002; Tw, Thermoanaerobacter wiegelii Rt8.B1; He, Halomonas eurihalina DSM 5720; Se, Staphylococcus epidermidis ATCC 12228;
Cb, Clostridium botulinum D str. 1873; Eg, Enterococcus gallinarum EG2; Ga, Granulicatella adiacens ATCC 49175; B, Bacillus sp.
NRRL B-14911; Mc, Macrococcus caseolyticus JCSC5402; P, Paenibacillus sp. oral taxon 786 str. D14; S, Synechococcus sp. JA-2-

3B'a(2-13);
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Ho-

YP 002507890.1 MENIBPDKL-----

H-YP_003995676.1 MKKIDASKL-----
T-YP_003639100.1 MSLIDASKL-----

Mt

H- YP 003995676. 1
T-YP _003639100.1
Pt-
Bt-
Mt-
s1-
cl-
Eh-
He-
st-

-YP_001210886.1 MARIDASKL-----
Bt-
-YP 431268.1  MARIEAREL-----
sl-
cl-
Eh-
He-
St-

YP_003588092.1 -MRVDPNQL-----

YP_003703526.1 MIE QEGR -----
ZP _02079575.1 ---

YP 004090700.1
85 = meeeeea-
EFU20075.1

HHHHPEHHHH

.
*

shkk kkdkdkhhhkdhhdhd

YP 001210886.1
YP 003588092.1
YP_431263.1

.............. 170.

166
166
166
166
165
166
167
167
171

21
162

Fig: 35H. Multiple sequence alignment for peptide (m/z 1773.06) of ribosomal protein S5. Ho, Halothermothrix orenii H 168; H,

Halanaerobium sp.; T, Thermincola sp. JR; Pt, Pelotomaculum thermopropionicum SI; Bt, Bacillus tusciae DSM 2912; Mt, Moorella

thermoacetica ATCC 39073; Sl, Syntrophothermus lipocalidus DSM 12680; ClI, Clostridium leptum DSM 753; Eh, Ethanoligenens

harbinense YUAN-3; He, Halomonas eurihalina DSM 5720; St, Spirochaeta thermophila DSM 6578.
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Gt-ZP 06811B96.1 -----------eemmmemen
Af-YP_002314461.1 MPEEMEWECIBLI
Bc-YP 004093125.1 ----
S-BAK14622.1 --cc--o-oo--
Dh-YP 51668B.1  ------comccooaas
Gm-ZP_07953772.1 ------memcncaaaa-
Mc-YP 002561274.1 -----cccoonnononn
81-YP 003472567.1 ---------uu-munn
He-L11 = sommmmemeeoioaes

C-YP_002484688,1 ==-=s=mcmmmmomnconnanns ATTRLAITAGKANPAPPIGPAL FCK ' RSF PPASVLIJEAAGIER KRVGK DVD
Fv-CAX12503.1  ==-ss-e---c--cccccacans |sn LALSJ\ vpnpwapn. FCKEYNAR R ppnsv;. ASNI szq n:x TRNLDSA

Gt-ZP_06811896.1 141
Af-YP 002314461.1 164
Bc-YP_004093125.1 141
S-BAK14622.1 141
Dh-YP_516688.1 142
Gm-ZP_07953772.1 141
Mc-YP 002561274.1 143
S1-YP_003472567.1 140
He-L11 21
C-YP 002484688.1 141
Fv-CAX12503.1 141

Fig: 351. Multiple sequence alignment for peptide (m/z 2160.17) of ribosomal protein L11. Gt, Geobacillus thermoglucosidasius C56-
YS93; Af, Anoxybacillus flavithermus WK1; Bc, Bacillus cellulosilyticus DSM 2522; S, Solibacillus silvestris StLB046; Dh,
Desulfitobacterium hafniense Y51; Gm, Gemella moribillum M424; Mc, Macrococcus caseolyticus JCSC5402; Sl, Staphylococcus
lugdunensis HKUQ9-01; He, Halomonas eurihalina DSM 5720; C, Cyanothece sp. PCC 7425; Fv, Fucus vesiculosus.
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Kk ok kEE k%
Kg ZP 08183350.1 I

KL AIAQv xir
H n

Av- YP 002797865.1 ==emmmmmmmmmmmmmmemamn
I- YP_002514377.1 Py !
R-ZP 01116745.1 TL Y. GFI FTVEG- -

Dn-YP 001210137.1 -MEMBPV R K IQS IKG- - DK
Fa-ZP 05619335.1 i KLRKSIADLLV EEVGTPE
p-1P 0012783451 ? K LRKSTADLLY IAS GNGK
hj-IP 06063889.1 u-'f§|§ LRVATANVIY -l
Te-YP_390579.1 ; K KNGK

---------------------------------------------------------------

--------

LGGLGVAIL
NGLGIBII

uuuuuuu

|||||||

|||||||

AQAREAGVG
AQARQLGVG

-------

LCFVA
LCFVA

Fig: 35J. Multiple sequence alignment for peptide (m/z 1608.12) of ribosomal protein S8a. Xg, Xanthomonas gardneri ATCC 19865;
Sm, Stenotrophomonas maltophilia K279a; He, Halomonas eurihalina DSM 5720; Av, Azotobacter vinelandii DJ; T, Thioalkalivibrio sp.
HL-EbGR7; R, Reinekea sp. MED297; Dn, Dichelobacter nodosus VCS1703A; Ea, Enhydrobacter aerosaccus SK60; P, Psychrobacter sp.

PRwf-1; Aj, Acinetobacter johnsonii SH046; Tc, Thiomicrospira crunogena XCL-2.
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Gt=
Af-
Sp-YP_
-YP 002561266.1
Gh-
Bc-
Bb-
Pp-
-87

He

Se-YP_.
-ADK87185.1

¥p

Gt-
Af-
Sp-
Mc-
Gh-
Be-
Bb-
Pp-
He-
Se-YP
-ADK87185.1

Mp

ZP 06811887.1
YP_002314470.1
YP 004148385.1

ZP_04776667.1
ZP 03224890.1
YP_002769696.1
YP_003872584.1

YP 171364.1

ZP 06811887.1
YP 002314470.1
YP_004148385.1
YP 002561266.1
ZP_04776667.1
ZP_03224890.1
YP 002769696.1
YP 003872584.1
s7

YP 171364.1

156
156
156
156
156
156
156
156

14
156
155

GEAMA

ﬂiifii‘d‘ﬁl‘ﬂiﬁ

GS
GA.

S
AT
1

Fig: 35Ki. Multiple sequence alignment for peptide (m/z 1468.00) of ribosomal protein S7a. Gt, Geobacillus thermoglucosidasius

C56-YS93; Af, Anoxybacillus flavithermus WK1; Sp, Staphylococcus pseudintermedius HKU10-03; Mc, Macrococcus caseolyticus
JCSC5402; Gh, Gemella haemolysans ATCC 10379; Bc, Bacillus coahuilensis m4-4; Bb, Brevibacillus brevis NBRC 100599; Pp,
Paenibacillus polymyxa E681; He, Halomonas eurihalina DSM 5720; Se, Synechococcus elongatus PCC 6301; Mp, Mycoplasma

pneumoniae FH.
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hkkd kR kk kR RAARRR

Ec-ZP_05646174.1 MPRI RV GVAANT NAFGII
C-AEBI1104.1 , R aznATI
Sp-EGE53055.1 g G

L1-NP_268418.1

He-87 -- PVEVRPERRT - - - - - - --- -
Ss-BAK14631.1 . ali (R ONA P

LE-ZP 07052246.1 MP F ;

Pd-ZP_08095815.1
Sp-YP_004148385.1
Bm-YP_003560679.1
0o-YP_B810852.1

Ec-ZP_05646174.1 156
C-AEB31104.1 156
Sp-EGE53055.1 156
L1-NP_268418.1 155
He-87 19
Ss-BAK14631.1 156
LE-ZP _07052246.1 156
Pd-ZP_08095815.1 156
Sp-YP_004148385.1 156
Bm-YP_003560679.1 156
Oo-YP_810852.1 156

Fig: 35Kii. Multiple sequence alignment for peptide (m/z 1942.36) of ribosomal protein S7a. Ec, Enterococcus casseliflavus EC30; C,
Carnobacterium sp. 17-4; Sp, Streptococcus parauberis NCFD 2020; LI, Lactococcus lactis; He, Halomonas eurihalina DSM 5720; Lf,
Lysinibacillus fusiformis ZC1; Pd, Planococcus donghaensis MPAL1U2; Sp, Staphylococcus pseudintermedius HKU10-03; Bm, Bacillus
megaterium QM B1551; Oo, Oenococcus oeni PSU-1.
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He-58 132
ss-1P 300767.1 M 132
Me-YP 002559612.1 M 132
Be-IP 04431249.1 MV 132
Lb-YP 795782.1 132
Pa-IP 06197342.1 MEH 132
Wp-ZP 04782470.1 MM 132
EE-IP 00604245.1 MV 132
C-AEB31084.1 MO 132
Ge-ZP 05852177.1 MV 132
Ru-YP 004320864,1 MV 132

Fig: 35Li. Multiple sequence alignment for peptide (m/z 2328.88) of ribosomal protein S8b. He, Halomonas eurihalina DSM 5720;
Ss, Staphylococcus saprophyticus ATCC 15305; Mc, Macrococcus caseolyticus JCSC5402; Bc, Bacillus coagulans 36D1; Lb,
Lactobacillus brevis ATCC 367; Pa, Pediococcus acidilactici 7_4; Wp, Weissella paramesenteroides ATCC 33313; Ef, Enterococcus
faecium DO; C, Carnobacterium sp. 17-4; Ge, Granulicatella elegans ATCC 700633; Au, Aerococcus urinae ACS-120-V-Col10a.
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Wp-ZP 04782470.1
La-ZP 08229229.1
Lb-ZP 03939994.1
Pp-TP 804884.1
Ei-IP 07895269.1
Lg-ZP 07052858.1
He-58

Me-¥P 002559612.1
Sp-YP 004150061.1
Sa-IP 07864692.1
C-REB31084.1

Fig: 35Lii. Multiple sequence alignment for peptide (m/z 1651.22) of ribosomal protein S8b. Wp, Weissella paramesenteroides ATCC
33313; La, Leuconostoc argentinum KCTC 3773; Lb, Lactobacillus brevis ATCC 27305; Pp, Pediococcus pentosaceus ATCC 25745; Ei,
Enterococcus italicus DSM 15952; Lg, Listeria grayi DSM 20601; He, Halomonas eurihalina DSM 5720; Mc, Macrococcus caseolyticus
JCSC5402; Sp, Staphylococcus pseudintermedius HKU10-03; Sa, Streptococcus anginosus F0211; C, Carnobacterium sp. 17-4.
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He-¥P 003627725.1 MI RRVQCIRVLCGERRRYASVCDIIRVIVKEALD- --- - -- RGRVER I 122
Ea-IP 05619331.1 HI RVLGG KVIVKEAID- - - - - - L1
G-7P 03560031.1 I K KVIVKE2 L 122
PE-YP_GSUETQ vl MI : 4H 1 . AlP-m=emn i 121
Fp-YP_001677296.1 MI KVLGGSHRRYASVGDVIKVIVK L1
Lp-YP 001252250.1 HI K \ KVGVKDAI®- ----- L 121
Ab-YP 692127.1 MI KVLG A\GIGDIIKVIVKEAIP- - - - - - L 122
Ar-IP 05361010.1 MI ‘i.jj G :;;; - ---- L 122
P-YP 001279341.1 MI RVQCIK KVEVKEAIP--------- L 122
He-L14 R 21
Pp-XP 002493199.1 uHLqmcx.Gw.mmmpﬁim:qmevwmp-mmmvﬂqIvmnu‘ﬂqv R 132

---------------------------------------------------------------------------------------------------

Fig: 35M. Multiple sequence alignment for peptide (m/z 2071.72) of ribosomal protein L14. Mc, Moraxella catarrhalis RH4; Ea,
Enhydrobacter aerosaccus SK60; G, Glaciecola sp. HTCC2999; Pa, Pseudoalteromonas atlantica T6c; Fp, Francisella philomiragia
ATCC 25017; Lp, Legionella pneumophila str. Corby; Ab, Alcanivorax borkumensis SK2; Ar, Acinetobacter radioresistens SK82; P,
Psychrobacter sp. PRwf-1; He, Halomonas eurihalina DSM 5720. Pp, Pichia pastoris GS115.
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Ro-YP 001512080.1 MAH¥RKLGR RNLMLRN: R RAKETRRLAERN : T (e
Cc-ZP 05393515.1 MALQRKLGRPEDQRRAMLR K KNLAERMITLA ARROVLSFVT- - - - - == === =---
Av-ZP 05471907.1 MANKRKLGRRIDHRNALLR GR RAKETOKMADRN BAORTY - ---- oo eeeeee
Gh-ZP 04776255.1 MG-¥RKLGRTSAHRK - R RAKEVRGLAEK TCILAAR

Lr-ZP 04441459.1 ------e-m------

sh-ZP 078432101 MG-¥RKLGRTSDORE

Mc-YP 002559625.1 M@-
Es-YP 001812628.1 MA-§SK DL | RPVVEK R
Bc-YP 004093172.1 MG-¥RKLGRDSSARKALFREL? R KARELR MITLGE \RR AD-TETG-----
He-L17
Lg-EFS02011.1

Fig: 35N. Multiple sequence alignment for peptide (m/z 1358.10) of ribosomal protein L17. Ao, Alkaliphilus oremlandii; Cc,
Clostridium carboxidivorans P7; Av, Anaerococcus vaginalis ATCC 51170; Gh, Gemella haemolysans ATCC 10379; Lr, LMS2-1,
Lactobacillus rhamnosus; Sh, Staphylococcus hominis C80; Mc, Macrococcus caseolyticus JCSC5402; Es, Exiguobacterium sibiricum
255-15; Bc, Bacillus cellulosilyticus DSM 2522; He, Halomonas eurihalina DSM 5720; Ls, Listeria seeligeri FSL S4-171.
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re s i

Sp-YP 004150070.1 PREVE : VAI
Mc-YP 002559603.1 IAI
B-IP 07707144.1 ‘ Qv VAIL
He-L22

La-TP_05745438.1
Sa-ZP_08014409.1
0o-YP 810207.1 M
Le-YP_001728857.1 N
Ca-1P_03392998.1
Pd-ZP 07398825.1
Cb-7P_04863094.1

Fig: 350. Multiple sequence alignment for peptide (m/z 1349.08) of ribosomal protein L22. Sp, Staphylococcus pseudintermedius
HKU10-03; Mc, Macrococcus caseolyticus JCSC5402; B, Bacillus sp. m3-13; He, Halomonas eurihalina DSM 5720; La, Lactobacillus
antri DSM 16041; Sa, Streptococcus anginosus 1 2 62CV; Oo, Oenococcus oeni PSU-1; Lc, Leuconostoc citreum KM20; Ca,
Corynebacterium amycolatum SK46; Pd, Peptoniphilus duerdenii ATCC BAA-1640; Cb, Clostridium botulinum D str. 1873.
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He-L19

Ba-YP 909095.1
Gv-YP 003986324.1 NGRITQSRVERVIRLEY
G170 DETEETDD:T mremcdrmeainsasis e e os wa s e s e

PA=ZD DBTS1963.F =oc-sswecmze crsmun s foss

Ca~ZP D3033UT6. T == mansmanammmsimns s nmn s s

Ba-YD 001108147.1 ===-omcmominasasnmatont onts minaiaa

Da-YP 0021907081 ~o--wauiiiuanlotul Siuheiisulotiag

Di-ZD 05733934,2 Siossuisssdmsiicsuciie ssd MSCEREERIVNIIET :

Dp-2D 06264682,1 -ooccooisoniecomuessue sl Z0ZETD MDPRVKLVEQ uxpza--|:pa—;
Ae-YP 004086042.1 -=----oememcncnomoannan-- ---HNLLQKI.A AKLKAGKTVPAFQPG

HesLd9 & 20 Sossossssssssssessssss 13
Ba-YP 909095.1  HEEK------------------- 133
GV-YP_003986324.1 NEAAK---------ooooooonn 155
§1-ZP 06755722.1 NBQRAA-----------oomuan 122
Pd-ZP 06751963.1 B------mm e 122
Ca-ZP 03933416.1 --------c--emmcemeeeee 114
Se-YP 001108147.1 TAPAS----------m-mmmmmm 119
Da-YP 003190708.1 R---===-mccmmcancaaaan- 115
Di-ZP 05733234.2 -----mccmmccmeeeaaaas 122
Pp-ZP_06264682,1 -----------RA---------- 117
Re-YP 004086042.1 .Iiesit' € 142
.............. 170...

Fig: 35P. Multiple sequence alignment for amino acid sequence of ribosomal protein L19. He, Halomonas eurihalina DSM 5720; Ba,
Bifidobacterium adolescentis ATCC 15703; Gv, Gardnerella vaginalis ATCC 14019; Si, Scardovia inopinata FO304; Pd, Parascardovia
denticolens FO305; Ca, Corynebacterium accolens ATCC 49725; Se, Saccharopolyspora erythraea NRRL 2338; Da, Desulfotomaculum
acetoxidans DSM 771; Di, Dialister invisus DSM 15470; Pp, Pyramidobacter piscolens W5455; Ae, Asticcacaulis excentricus CB 48.
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S1-ZP 05786156.1 =----eceeeccaccccacannan.
Rb-ZP 05078748.1 ----ecesecceccccmnccncnn..
Bg-ZP 02147224:]1 =-rommemrsommemmenamnanas
R-ZP 05089854.1 --------emeeciemioennoa.
R-ZP D17564506.1 s-rsusemsaupaepsnesmpanes
Hb-YP 003061432.1 ------m-omcommmmncmnnnans
NI SR ———— RRAELIR
T (B I sssssomsesmesmmsansmnsncro o O
S2-YP 615596.1  =wrr-cseemcmeermcaaeneas RRSLLDYLRXKDEGRYOA
He-S15 e i FR - - = = == el

R-ZP 03510623.1 _qulxphrqrr—pqumnlmx-m' FRDBRRONEERRGLL THVSSRRS - - - -« - == - = - e mm e mmmea

................................... SRS 11 PN |1 FRPAPOPPOP 1 PP - PP | PPN 1| PPN & {1 PP

e e i

Fig: 35Q. Multiple sequence alignment for amino acid sequence of ribosomal protein S15. S|, Silicibacter lacuscaerulensis ITI-1157;
Rb, Rhodobacterales bacterium Y4l; Pg, Phaeobacter gallaeciensis BS107; R, Ruegeria sp. R11; R, Roseobacter sp. SK209-2-6; Hb,
Hirschia baltica ATCC 49814; R, Roseibium sp. TrichSKD4; La, Labrenzia alexandrii DFL-11; Sa, Sphingopyxis alaskensis RB2256; He,
Halomonas eurihalina DSM 5720; R, Rhizobium etli 8C-3.
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Pa-YP 001346924.1 MKPGIHPDYER @STAED - - DKTH TDGK Kl - T | OPREERp 87
Av-AEB49996.1 PHIHPDYR : --DRRY 0 s QVSBEGSVARFNRRFGAFSSKKES - === ==mmmmmm- 87

He-L31 ‘ :;--g;----------------------------------------7 ------------------------------- 25

Pa-YP 265198.2 PFYTGEQRK I STECRVASFNRRFCAFGCRKKAADTDALE- - - - - - - 93
Mc-EGE12213.1 PFYTCEORKIANEGRVASFNKRFOAFASRSKK - - - - - - - 86
Ea-ZP 05621001.1 PFYTGEORKTONEGRVASFNRRFGAFAGRNKE - - - - << - - - - m - - 86
Ar-ZP 05362426.1 PFYTGEVROVENEGRVASFNERFGRFK -RSN- - - - - << - - - - ==~ - 84
Hh-YP 001003816.1 PFFIGKORVVHEEEQVDRFRRRFGMIRGSSS0- - - - << - - - - m - 87
Ps-YP 004145779.1 P 82
Ip-YP 004178987.1 P 101
Cm-YP 584285, 1 P 86

Fig: 35R. Multiple sequence alignment for peptide (m/z 2792.36) of ribosomal protein L31. Pa, Pseudomonas aeruginosa PA7; Av,
Aeromonas veronii B565; He, Halomonas eurihalina DSM 5720; Pa, Psychrobacter arcticus 273-4; Mc, Moraxella catarrhalis 7169; Ea,
Enhydrobacter aerosaccus SK60; Ar, Acinetobacter radioresistens SK82; Hh, Halorhodospira halophila SL1; Ps, Pseudoxanthomonas
suwonensis 11-1; Ip, Isosphaera pallida ATCC 43644; Cm, Cupriavidus metallidurans CH34.
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Nt-YP 001916385.1 MPREIKKGPFVDDHL ILPDMIGHTIA
To-YP 003824537.1 M GprxlpKL prmvmmxl
He-S19 s e KLGEFAPTRT---------------
Dm-ZP_07825197.1 MSREVE (TWSRASTILPSFVGHTIAI KL
Di-ZP 05733518.1 RSVKK KKIIKTWSRASTILPSFVGHTIAI KLGEFAPTRTFKGHNK - 8DK - - - - -
V-ZP 07826601.1 KKVER KKVVKTWSRASTIIPSFVGHTIA
P-ZP 08076251.1 RSVK : KVVKTWSRSSTILPSFVGHTIA KL
Mm-ZP 05404916.2 --------------- KTWSRSSTIFPDFVGHTIA
Bt-YP 003588079.1 M GPFCDAYL i KTWSRRSTIFPQFVGHTLA
E-YP 002886000.1 M GPF KQVIKTWSRRSTIFPEFMGHTF
Ss-YP 300757.1  MARSIKKGPFADDHLKRKVER KQVIKTWSRRSTIFPDFIGHTFA
0 0 1 AL 0 ARy o S s Y a1 v o e A 0 M o i I R Bl b B it

Fig: 35S. Multiple sequence alignment for peptide (m/z 2496.16) of ribosomal protein S19. Nt, Natranaerobius thermophilus JW/NM-
WN-LF; To, Thermosediminibacter oceani DSM 16646; He, Halomonas eurihalina DSM 5720; Dm, Dialister microaerophilus UPII 345-
E; V, Veillonella sp. oral taxon 158 str. F0412; P, Phascolarctobacterium sp. YIT 12067; Mm, Mitsuokella multacida DSM 20544; Bt,
Bacillus tusciae DSM 2912; E, Exiguobacterium sp. AT1b; Ss, Staphylococcus saprophyticus ATCC 15305;

180

94
94
24
89
88
93
91
78
93
91
92



khkkkkk khkkhkkk

B-ZP 08005838.1 - -MLLK I 97
Ls-YP 001699546.1 MKLLLA 1 99
A-BAR09718.1 --G8s I KT PGENVGRGGDDTLFAKVDGVVEFERFGRD - - - - - - - - - - - - - 84
Ss-BAK15890. 1 -MLLLT I - 98
Gt-ZP 06809351.1 ---M I 9
Af-YP 002315060.1 ---M I (1 9
0i-NP 692965.1  ---M I 9
Sa-CBX34873.1 ---M 1 KT 4 94
Lm-EGF36805.1 ---M - RDSESKRLGAKR TLYRQRGTKI YFERMGRDRRS - - - - - - - - - 86
s I e S A A . T T 16
Au-YP 004321443.1 ---qumFFAmGGﬂA.t-AﬂL \KRA TLYRQ! 93

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Fig: 35Ti. Multiple sequence alignment for peptide (m/z 1484.13) of ribosomal protein L27a. B, Bacillus sp. 2_A_57_CT2; Ls,
Lysinibacillus sphaericus C3-41; A, Arthrobacter sp. TE1826; Ss, Solibacillus silvestris StLB046; Gt, Geobacillus thermoglucosidasius
C56-YS93; Af, Anoxybacillus flavithermus WKZ1; Oi, Oceanobacillus iheyensis HTE831; Sa, Staphylococcus aureus ECT-R 2; Lm,
Listeria monocytogenes 1816; He, Halomonas eurihalina DSM 5720; Au, Aerococcus urinae ACS-120-V-Col10a.
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Gt-ZP 06809351.1 ---M
Af-YP 002315060.1 ---M
0i-NP 692965.1 ---M
B-ZP 08005838.1 --ML
Ls-YP 001699546.1 MKLLLA

A-BAA09718.1 - -G8 SRVDLQLFASKKCVGSTKNCRDS [ SKRLGAKRADCQFVSCCSILYRORGIKIY PCENVGRGCDDILFAKVDGVVKFERFCRD - - - - - - - - - - - - -
Ss-BAK15890.1 -MLLLT

Sa-CBX34873.1 ---M

Lm-EGF36805.1 - - -MLKFDIQHFAHKKGGGST SNGRDSESKRLGAKRADGQFVIGGSI LYRQRGTKIY PGTNVGRGGDDTLFAKTDGVVRFERMGRDRKS - - - - - - - - - -

7R O 0 ZIAES S WO s 2 A

Au-YP 004321443.1 ---mqqqpmnﬂacelpjc-mt.
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Fig: 35Tii. Multiple sequence alignment for peptide (m/z 1640.32) of ribosomal protein L27a. Gt, Geobacillus thermoglucosidasius
C56-YS93; Af, Anoxybacillus flavithermus WKZ1; Oi, Oceanobacillus iheyensis HTE831; B, Bacillus sp. 2_A 57 _CT2; Ls, Lysinibacillus
sphaericus C3-41; A, Arthrobacter sp. TE1826; Ss, Solibacillus silvestris StLB046; Sa, Staphylococcus aureus ECT-R 2; Lm, Listeria
monocytogenes 1816; He, Halomonas eurihalina DSM 5720; Au, Aerococcus urinae ACS-120-V-Col10a.
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E1l-YP 457452.1 . AGG ' 3 LFALEDGVVRFHTGKQ 89
Sf-YP 002827654.1 MA G AG IFALTAGNVDFRTKANG v 89
Ar-YP 002546411.1 M2 Nele: i / IFALTAGNVNYRTKANGR 89
Bs-CBI81782.1 o s t 2QRGTR i RAYVSVIPM- - -- - 84
Ca-YP 003548464.1 M2 TSKNGRDSHSKR RORGTRFHAG RDHTLFALSDGKVSFDKEHR - - - KINVVA- - - - - - 80
He-L27 = =-eemeeememee oo - - -KRFGGEAVVAGNIIVRE - - - - - - - === = mm e mm e e e e e - 17
Pd-ZP 06752575.1 M2 RNGR GHGVGM GTVQ¥GIRRD-RKIVDVVAE-- - -- 83
Si-ZP 06756516.1 M2 _ KFG! FHPGHGVGM GTVKFGVRRD- RKVVDVVAE- - - - - 83
Bb-ZP 06596483.1 M2 Z _ NFHAG GSVKF@ RKVVDVIAA----- 83
Gv-YP 003374416.1 MA RNGR RQRGTKFHAG KDHTLYALVDGNVKFGI RKVVDVVEA- - - - - 83

Fig: 35U. Multiple sequence alignment for peptide (m/z 1529.93) of ribosomal protein L27b. Gb, Granulibacter bethesdensis
CGDNIHZ1; El, Erythrobacter litoralis HTCC2594; Sf, Sinorhizobium fredii NGR234; Ar, Agrobacterium radiobacter K84; Bs, Bartonella
schoenbuchensis R1; Ca, Coraliomargarita akajimensis DSM 45221; He, Halomonas eurihalina DSM 5720; Pd, Parascardovia
denticolens FO305; Si, Scardovia inopinata FO304; Bb, Bifidobacterium breve DSM 20213; Gv, Gardnerella vaginalis 409-05.
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Purification of ribosomal protein S1:

The position in two-dimensional gels in acidic high molecular weight
region (top right corner) where ribosomal protein S1 from gram negative
bacteria (like E. coli) migrates contains several closely spaced protein spots.
From this region we could not pick any protein spot for MALDI-TOF MS
analysis. We tried to purify ribosomal protein S1 homologue (if any) by
exploiting its strong poly (U) binding property using affinity chromatography
on poly (U)-sepharose column. Poly (U)-sepharose chromatography of whole
ribosomes under high salt conditions results in elution of ribosomes free of S1
with S1 strongly bound to the column which can be eluted by urea buffer. Poly
(U)-sepharose chromatography of ribosomes was carried out as described
under methods section. Poly (U)-sepharose chromatography of ribosomes with
1 M NH,4CI buffer resulted in the specific removal of S1 from the ribosomes as
in E. coli. Elution of the column with 7 M urea and 1 M NH,4CI buffer resulted
in the elution of protein S1. Elution profile of H. eurihalina ribosomes on poly
(U)-sepharose was given in Fig: 36A. The profile showed a single sharp peak.
Electrophoretic analysis of the ribosomes eluted with 1 M NH4CI buffer
showed that S1 was removed from ribosomes and that of peak fractions
showed S1 was specifically eluted with 1 M NH4Cl and 7 M urea (Fig: 36B).
Molecular weight of the protein was determined by SDS-PAGE as 61 kDa,
same as that of E. coli as shown in Fig: 36B.

MALDI analysis and identification of S1 protein:

S1 protein was subjected to MALDI- TOF MS analysis to obtain
peptide mass fingerprint. The data obtained with peptide Mass fingerprint (M 2
values) were used to search databases (Swiss-Prot, NCBI Nr) using software
MASCOT search software (Matrix Science USA). The protein was identified
as homolog of bacterial of 30 S ribosomal protein S1. The results of the peptide
mass fingerprints data base search with the Mascot search were presented in
Fig: 36C. The results indicated greater homology of S1 protein to those from
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genera Vibrio spp., Aeromonas spp., Psychrobacter spp. and Marinomonas sp.
The observed molecular weight is about 61 kDa in all organisms. The peptide
sequence was searched against non-redundant proteins sequences database
using BLAST search. Putative conserved domains corresponding to S1 protein
encoded by rpsA gene were detected in all the hits. Multiple sequence
alignment of the data obtained was given in Fig: 36D. The peptide length was
of 16 amino acids and is found to be homologous to 132-148 amino acids
region, which is just upstream of the repeat of one of the nucleic acid binding
domains of S1. These results show that the S1 peptide detected in H. eurihalina

is highly conserved among other eubacteria.
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Fig: 36A. Elution profile of H. eurihalina ribosomes on poly (U)-sepharose
column. Fraction number 1-20 were eluted with 1 M ammonium chloride
buffer, fraction number 20-26 were eluted with 1 M ammonium chloride and 7
M urea buffer.

97 kDa =
66 kD =
43kDa >
20kDa =
20kDa >
14 kDa -

Fig: 37B. SDS-PAGE analysis of poly (U)-sepharose column fractions.
Lane 1: Molecular weight marker, lane 2: H. eurihalina ribosomes, lane 3:
break through, lane 4-5: fraction numbers 3 and 5, lane 6-7: fraction numbers
24 and 25 and lane 8-9: E. coli S1.
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Fig: 36C. Ingel-digestion - Peptide mass fingerprint:
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Number of Hits

Search title
HS data file

Protein hits

MATRIX,
fscisce) Mascot Search Results
User : madhurarekha
Email : madhurarekhadrediffmail.com

i DATA.TXT

Database : NCBInr 20081113 (7308559 sequences; 2531675135 residues)
Taxonomy : Bacteria (Eubacteria) (3675643 sequences)
Timest amp : 17 Hov 2008 at 09:09:08 GMT

1 gi|15641917 303 ribosomal protein 51 [Vibrio cholerae 01 biovar eltor str. N18361)
gi|90416549 3035 ribosowal protein 31 [warine ganma protechacteriwn HTCCZZOT]
gi|27904178 3035 ribosowal protein 31 [Buchnera aphidicola str. Bp (Baizongia pistaciae)]
41]145220609 hypothetical protein HElv 0003 [Mycobacterium gilvum PYR-GCE]

41]83949745 hypothetical pratein I3N 01385 [Roseovaring miinhibens ISH]
i [108760891 non-ribosomal peptide synthase [Myxocoecus xanthus DR 1622)
gi]167834964 sensor histidine kinase [Burkholderia thailandensis MSNE43]
1159039332 hypothetical protein Jare 3801 [Salinispora arenicola CN3-203]
gi]148555365 Feol family protein [Sphingomonas wittichii RU1]

gi|42524701 hypothetical protein Bd3333 [Bdellovibrio bacteriovorus HD100]

Probability Based Mowse Score

Tons score is -10*Log(P), where P is the probabilty that the observed match is a random event,
Indmwidual ions scores > 49 inclicate identty or extensive homology (p<0.03).
Brotein scores are denved from ions scores as a non-probabilstic basis for ranking protein his,

20

L B
0 40 i)

60
Probability Based Mouse Score

0i|15641917 Mass: 61129 Score: 90 Queries matched: 1

30 S ribosomal protein S1 [Vibrio cholera O1 biovar eltor str. N16961]

Observed Mr (expt)  Mr(calc) ppm Miss Score Expect Rank Peptide

1539.7000 1538.6927 1538.8933 -0.2006 O 90 3.7e-06

Proteins matching the same set of peptides:

1 R.AFLPGSLVDVRPIR.D

gi|27366257 Mass: 60979 Score: 90 Queries matched: 1

30 S ribosomal protein S1 [Vibrio vulnificus CMCP6]

0128898804 Mass: 61019 Score: 90 Queries matched: 1

30 S ribosomal protein S1 [Vibrio parahaemolyticus RIMD 2210633]
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Fig: 36D. Multiple sequence alignment for peptide (m/z 1539.70) of ribosomal protein S1. Mm, Marinomonas mediterranea MMB1;
Hc, Hahella chejuensis KCTC 2396; P, Psychrobacter sp. PRwf-1; Mt, Methylobacter tundripaludum SV96; Hn, Halothiobacillus
neapolitanus c2; Mt, Methylophaga thiooxidans DMS010; Av, Aeromonas veronii B565; Vs, Vibrio sinaloensis DSM 21326; Wg,
Wigglesworthia glossinidia; He, Halomonas eurihalina DSM 5720; Rg, Rickettsiella grylli;
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Cold shock proteins in H. eurihalina

Introduction:

During our studies on S-100 to isolate S1, we observed the presence of
two proteins exhibiting strong poly (U) binding capacity. Both these proteins
were identified as cold shock DNA binding proteins.

Adaptation to environmental stress is essential to the survival of
microorganisms and microorganisms produce different kinds of proteins when
they are subjected to stress. Membrane fluidity decreases upon the temperature
downshift (cold shock) and organisms overcome this by increasing the
synthesis of membrane bound-desaturase as in case of E. coli, Bacillus and
Synechococcus. Cold shock also causes stabilization of the secondary
structures in RNA and DNA and reduced efficiency of translation, transcription
and DNA replication. These deleterious effects are overcome by induction of
cold shock proteins (CSPs) (Phadtare et al, 1999). Many cold shock proteins
were identified to date in both prokaryotes and eukaryotes. In E. coli CspA,
CspB and CspG were identified as major cold shock proteins (Etchegaray,
1999). In Bacillus subtilis, CspB, CspC and CspD were identified and they
were found to be homologous to E. coli CspA (Ermolenko, 2002).

CSPs are not usually found in eukaryotes, but exist as a nucleic acid-
binding domain within multidomain proteins, called CSD (Cold Shock
Domain) proteins (Sommerville, 2006). Homologues of CSPs were identified
in eukaryotes and Cla h 8 from mould Cladosporium herbarum was the first
one to be reported. Cla h 8 shows 76% amino acid identity with E. coli CspA,
although it displays nucleic acid binding properties more similar to those of the
eukaryotic CSD, and Cla h 8 has been suggested to represent an evolutionary
link between bacterial Csps and eukaryal CSDs (Falsone et al, 2002) .
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Cold shock proteins in E. coli are of two types: class | proteins are
expressed at extremely low levels at 37 °C and are dramatically induced to very
high levels after exposure to a downshift in temperature. Class Il proteins are
present at 37 °C also and are not dramatically induced after cold shock (<10-
fold) (Phadtare et al, 1999).

CspA, CspB, CspG, CsdA, RbfA, NusA and PNP are class | proteins
(Thieringer et al, 1998). CspA, CspB and CspG have been proposed to
function as RNA/DNA chaperones. CsdA is a ribosome associated protein with
RNA unwinding activity, RbfA is a ribosome binding factor, and NusA is
involved in termination and antitermination of transcription and PNP is a
ribonuclease. The recombination factor RecA, the initiation factor IF-2, the
nucleoid-associated DNA-binding protein H-NS, and the subunit of
topoisomerase DNA gyrase GyrA are class Il proteins (Thieringer et al, 1998).
Trigger factor (TF) is induced upon cold shock in E. coli and enhances viability
at low temperatures (Kandror and Goldberg, 1997).

E. coli encodes nine csp genes (cspA to cspl), of which cspA, cspB,
cspG and cspl are induced by cold shock (Etchegaray et al, 1996; Goldstein et
al, 1990; Lee et al, 1994; Nakashima et al, 1996; Wang et al, 1999). cspC and
cspE are constitutively expressed and cspD is induced by nutrient deprivation.
cspF and cspH has not been associated with any particular growth condition or
phenotype (Bae et al, 1999; Yamanaka and Inouye, 1997; Yamanaka et al,
1994) .
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Poly (U)-cellulose chromatography of S-100:

S1 associates loosely with ribosomes and is usually lost during
centrifugation and is found in S-100, in the case of E. coli. Poly (U)-cellulose
chromatography of S-100 was performed as described in methods to purify S1
from S-100, as in the case of E. coli. Elution profile of S-100 on poly (U)-
cellulose column was given in Fig: 37A. S-100 obtained from both logarithmic
and stationary phase cells resulted in the same elution profile. Native-PAGE
analysis of peak fractions from logarithmic and stationary phase S-100 eluted

on poly (U)-cellulose column was shown in Fig: 37B.

Results showed that even though elution profile was similar,
logarithmic phase fractions contained two proteins (low molecular weight) and
stationary phase fractions contained one protein with very strong affinity to
poly (U). Native-PAGE results showed that both these proteins are acidic; the
protein observed in both the growth phases was more acidic in comparison to
the one which was observed only in logarithmic phase.

It can also be observed that only negligible amount of S1 is present in
S-100 fraction, in contrary to E. coli. So, it can be concluded that the
association of S1 is strong in the case of H. eurihalina ribosomes, unlike E.

coli ribosomes.

SDS-PAGE and Two-dimensional gel analysis:

SDS-PAGE analysis of logarithmic and stationary phase S-100 and
poly (U)-cellulose peak fractions was shown in Fig: 38A & B. Results showed
that, both the proteins were of low molecular weight. Molecular weight of the
protein observed in both the growth phases was around 12 kDa and that of the
protein observed only in logarithmic phase was around 8 kDa.
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Acidic two-dimensional gel electrophoresis of the proteins was carried
out as described in methods. The two-dimensional gel electrophoresis of the
partially purified proteins obtained from logarithmic and stationary phases was
given in 39A & B. These results showed that the protein observed in both the
growth phases is more acidic in comparison to the protein observed only in
logarithmic phase. These results support the data obtained by Native-PAGE
analysis.

Identification of the proteins by MALDI-TOF MS analyses:

Both the proteins were identified as cold shock DNA binding proteins
by MALDI-TOF MS analysis. The peptide mass fingerprints and their
respective identities obtained for 12 kDa and 8 kDa proteins were given in Fig:
40A & 41A respectively. 12 kDa protein was found to be homologous to cold
shock proteins belonging to the family CspA.

The peptide sequences thus obtained were used to search similar
proteins sequences using BLAST search. A S1-like cold shock domain (CSD)
was detected for 12 kDa cold shock protein peptide sequence. It is a member of
the oligonucleotide/oligosaccharide binding fold (OBD) and is found in
archaea, eukaryotes and eubacteria.

Multiple sequence alignment of the proteins sequences, generated with
BLAST search was carried out, along with 12 kDa and 8 kDa cold shock
protein peptide sequences using ClustalX2 were given in Fig: 40B & 41B

respectively.

The results showed that the peptide from 12 kDa protein is of 28 amino
acid length and it is found to be homologous with C-terminal sequence (41-68
a.a.) of other cold shock proteins. Peptide from 8 kDa protein is of 19 amino
acid length and it is also found to be homologous to sequence near C-terminal
region (42-60 a.a.) of other cold shock proteins.
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Fig: 37. Purification of strong poly (U) binding proteins from S-100. A.
Elution profile. Fractions 1-20 eluted with 1 M ammonium chloride buffer.
Fractions 21-30 eluted with 1M ammonium chloride and 8M urea buffer. B.
Native-PAGE analysis. Lane 1-2: Fractions 24 and 25 of log phase elution,

lane 3: Fraction 24 of stationary phase S-100 elution.
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Fig: 38. SDS-PAGE analysis: A. Fractions from log phase S-100. B. Fractions
from stationary phase S-100. Lane 1: Molecular weight marker, lane 2:
logarithmic/stationary phase S-100, lane 3: Fraction number 3 and lanes 4-5:
Fractions 24 and 25.
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Fig: 39. Two-dimensional gel electrophoresis of poly (U)-binding proteins
from S-100. A. Poly (U)-binding proteins from logarithmic phase S-100. B.
Poly (U)-binding proteins from stationary phase S-100.
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Fig: 40A. Ingel digestion: Peptide mass fingerprint
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M Query results:

MATRIAy | Back
scevers Vlascot Search Results |
User : Monica Kannan

Email : monica kannan2001dyahoo.co.in Fiesults:
Search title b

MS data file : DATA.TXT ij
Database i HCBInr 20110219 (13123072 sequences; 4491037066 residues) Getdll
Taxonomy : Bacteria (Eubacteria) (7410437 sequences)
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Protein hits : gi15924392 wajor cold shock protein [Staphylococcus aureus subsp. aureus MuSO]

4i|225175289 cold-shock DNA-hinding domain protein [Dethichacter alkaliphilus IHT 1
§i1]|167907786 FOFL ATF synchase subunit heta [Burkholderia psewdomallei NCTC 13177]
gi|306821247 cold shock protein Csph [Eubacteriuwm yurii subsp. margaretiae ATCC 43715
4i|302869536 regulatory protein SatR HTH [Micromonospora surantiaca ATCC 27029]

al

gi FiD axidor [Citreicella op. SE45]
gi|58038632 putative lipase [Gluconobacter oxydans 621H] New

4159028539 unnamed protein product [Microcystis aeruginosa PCC 7806

4288556191 eold shock protein [Bacillus pseudofirmus OF4]

gi|30019750 cold shock protein [Bacillus cerews ATCC 14579]

4i|254472868 fatty acid oxidation complex alpha subunit [Pseudovibrio sp. JED6Z]
41229529107 Holliday junction DNA helicase Ruvi [Caldicellulosiruptor heseii DSN 67251
§1]227824894 carhoxyl transferase [Avidaninococcus sp. D21]

4i|227505378 acyl coenzyme A carkoxylese [Corynebacterium striatum ATCC 6940]
gi|74275371 predicted glycosyl hydrolase [uncultured hacterium)

§1]302364135 folate-binding protein Yol [Brevundimonas swivibrioides ATCC 15264]
4i|227504060 phosphoglucomutase [Corgnebacterium striatum ATCC 6940]

4| 237653617 pyruvate flavodowin/ferredoxin oxidoreductase domain protein [Thauera sp. MZIiT]
411239940218 wajor facilitator superfamily permease [Streptowyces roseosporus NRRL 15898]
gi|15598577 transcriptional regulator [Pseudomonas aeruginosa PAO1]

Exit
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Tons score is -10*Log(P), where P s the probability that the observed match is a random event,
Indiwidual ions scores > 50 indicate identity or extensive homology (p<0.05).
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0i|15924392 Mass: 7317 Score: 104 Matches: 1(1) Sequences: 1(1)

major cold shock protein [Staphylococcus aureus subsp. aureus Mu50]

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
2757.8882 2756.8809 2756.3617 188 1 104 2.3e-07 1 U K . SLEEGQAVEFEVVEGDRGPQAANVVK . L

Proteins matching the same set of peptides:

gi]20302392 Mass: 7283 Score: 104 Matches: 1(1) Sequences: 1(1)

cold shock protein [Staphylococcus aureus]
gi 224476532 Mass: 7331 Score: 104 Matches: 1(1) Sequences: 1(1)

putative cold shock protein [Staphylococcus carnosus subsp. carnosus
TM300]
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He-csp @ mmmmmmmmmm e e e - - A L 28
Sc-YP 002634138.1 --MKQGEVK - F A L 66
P-YP 003014440.1 ---MQGK F A L 65
A-ZP 03929251.1 - --MTGK F A L 65
H-YP 003985920.1 : F E KL 67
Ho-YP 002508301.1 F E L 68
Ge-ZP 05851967.1 F A L 66
E-YP 002885272.1 F D L 65
Bp-YP 003428126.1 F A R 67
C-AEB29507.1 F A L 66
Os-ZP 03991058.1 A (L 65

Fig: 40B . Multiple sequence alignment for peptide (m/z 2757.8882) of 12 kDa cold shock protein. He, Halomonas eurihalina DSM
5720; Sc, Staphylococcus carnosus TM300; P, Paenibacillus sp. JDR-2; A, Acidaminococcus sp. D21; H, Halanaerobium sp.; Ho,
Halothermothrix orenii H 168; Ge, Granulicatella elegans ATCC 700633; E, Exiguobacterium sp. AT1b; Bp, Bacillus pseudofirmus OF4;
C,Carnobacterium sp. 17-4; Os, Oribacterium sinus FO268.
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Fig: 41A. Ingel digestion-Peptide mass fingerprint:

E
2301
795,092
257
1863848
633466
201 1183218
1w
90285
151
101 1019566 2105736
2819.168
949734
1474852
1706.706
- 210359
0.0 LI I I [ R N N N L N R Y N Y N L Y N I I Y N L Y N L N N L Y N I R N B (N B
750 1000 1250 1500 1750 2000 250 2500 2150 3000 /
miz

201



ults

-
MATRIX,

séincr) Mascot Search Results
User : Monica Kannan
Email : monica kannan2001gyaheo.ca.in Restlls
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Timest amp : 25 Feb 2011 at 06:15:33 GMT - Get Hitfs)
Protein hits  : gi|88800616 cold-shock DNA-binding domain fawily protein [Reinckea op. HEDZS7]

gi|90023198 cold-shock DNA-binding protein family protein [Saccherophsgus degradans 2-40] 1

4i]90408353 cold shock DNA-binding domsin protein [Psychrowonas sp. CNPT3)

41163848809 circadian clock protein KaiC [Chloroflexus aurantiacus J-10-£1] Ouery:
gi|300803609 alpha-z-macroglobulin family region [Escherichia coli 5 84-1]

yi|241666930 Usph dowain protein [Rhizobiwn leguminesarwn bv. trifolii WSN1325]

gi|119384543 hinding-protein-dependent transport systems inner membrane component [Paracoccus demitrificans PD1222)
gi|255658833 lipopolysaccharide heptosyltransferase I [Mitsuokella multacida DSH 20544]

4i|163738117 urocanate hydratase [Phacohacter gallasciensis B3107]

gi|257126031 homoserine O-succinyltransferase [Leptotrichia buscalis D3N 1135)

4i|255316708 Uncharacterized phage-associated protein [Clostridium difficile QCD-7€wSS)

4i]288959142 methyl-accepting chemotaxis provein [Azospirillwe sp. BS10]

4i]297562322 penicillin-binding protein 2 [Nocardiopsis dassonvillei swbsp. dassonvillei DSN 43111]

41322390045 endonuclease/exonuclease/phosphatase [Streptococcus parasanguinis ATCC 903]

4i|163758418 probable glutathione-regulated potassium-efflux System transmerbrane protein [Hoeflea phototrophica DFL-43]
4i]254444282 xanthine dehydrogenase accessory factor, putative subfanily, putative [Verrucamicrobise hacteriuw DG1235]
4i|254468891 glucose-6-phosphate isomersse [beta proteobacterium KE13]

4i]|281357190 serine/threonine protein kinase [Victivallis vadensis ATCC BAA-548]

4i]242279650 hypothetical protein Desal 2162 [Desulfovibrio salexigens DSH 2638]

gi|46015377 Chain A, Crystal Structure Of A Staphylococcal InhibitorCHAPERONE

Ext
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Mascot Score Histogram

Tons score is - 10*Log(F), where P is the probability that the observed match is a random event.
Indiwidual ions scores > 55 indicate identity or extensive homology (p<0.05)
Protein scotes are derived from ions scores as a non-probabilistic basis for ranking protein hits
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gi 88800616 Mass: 7275 Score: 78 Matches: 1(1) Sequences: 1(1)
cold-shock DNA-binding domain family protein [Reinekea sp. MED297]

Observed Mr (expt) Mr(calc) ppm Miss Score Expect Rank Unique Peptide
1863.8481 1862.8408 1862.9738 -71.38 1 78  0.00031 1 U K . TLAEGQKVEFTVTQGQK .G

Proteins matching the same set of peptides:

gi]90408760 Mass: 7359 Score: 78 Matches: 1(1) Sequences: 1(1)
Cold shock protein [Psychromonas sp. CNPT3]
gi]109897864 Mass: 7404 Score: 78 Matches: 1(1) Sequences: 1(1)

cold-shock DNA-binding domain-containing protein [Pseudoalteromonas
atlantica T6c]
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As-YP 001140751.1 K KGFGFIEQSQG KTL F J: 69
L-ZP_ 01916091.1 K L F 69
0-ZP 01166011.1 K NG KTL F 67
Ma-ZP 01895403.1 K KTL F 68
He-csp L FIVIQGOKG--------- 19
Pi-YP 943256.1 K ASG L F 69
Sd-YP 529025.1 K KsG L F 69
Pa-YP 663338.1 K SG L F 69
R-ZP 01116177.1 L F 68
Cp-¥P 271177.1 (IL F D 68

Fig: 41B. Multiple sequence alignment for peptide (m/z 1863.8481) of 8 kDa cold shock protein. As, Aeromonas salmonicida; L,
Limnobacter sp. MED105; O, Oceanospirillum sp. MED92; Ma, Marinobacter algicola DG893; He, Halomonas eurihalina DSM 5720; Pi,
Psychromonas ingrahamii 37; Sd, Saccharophagus degradans 2-40; Pa, Pseudoalteromonas atlantica T6c; Cp, Colwellia psychrerythraea
34H; R, Reinekea sp. MED297;
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DISCUSSION

In the present study, work was carried out on the characterization of
moderately halophilic ribosomes, partial purification and identification of poly
(V) binding proteins: S1 from ribosomes and proteins from post ribosomal

supernatant of Halomonas eurihalina DSM 5720.

H. eurihalina ribosomes were chosen to study the structural
organization of moderately halophilic ribosomes as H. eurihalina, exhibits
strong euryhaline nature, imparting on the cells the ability to grow in a wide
range of salt concentrations. Thus, allowing us to study the variations in
ribosomes, if any, in different salt concentrations.

The number of proteins in H. eurihalina ribosomes is more compared to
mesophilic E. coli ribosomes. Two-dimensional electrophoretic pattern of
moderately halophilic ribosomes indicates similarity to E. coli ribosomes, in
terms of nature. Unlike extremely halophilic archaea, which contain more
number of acidic ribosomal proteins, moderately halophilic bacteria contain
more number of basic proteins like other eubacteria (Falkenberg, 1976).

Comparison of H. eurihalina logarithmic phase ribosomal two-
dimensional pattern with stationary phase ribosomal pattern revealed the
variation in the protein profile. Concentration of protein was less for a number
of ribosomal proteins from stationary phase ribosomes. Growth cycle coupled
variation in ribosomal protein profile was reported in E. coli by Wada et al in
2000 (Wada et al 2000).

Agarose gel electrophoretic pattern of H. eurihalina rRNA shows that

the rRNA species are similar to E. coli rRNA, in terms of migration. Halophilic

rRNA from logarithmic and stationary phase did not show any variation.
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Growth curves of H. eurihalina in varying salt (NaCl) concentrations
shows that the growth rate of the bacteria is not affected up to 10% NaCl
concentration. The growth rate is slowed down in media containing 15% NaCl
and a prolonged lag phase is observed in media containing 20% NaCl. These
results show that the bacteria can withstand high concentrations of salt up to
20%. Once the lag period was over cells were able to grow at the same rate as
the cells growing in regular NaCl concentration.

Comparison of two-dimensional electrophoretic pattern of ribosomal
proteins isolated from bacteria grown under extremely halophilic conditions
(20% NaCl containing media) with those from bacteria grown under moderate
halophilic conditions showed that the ribosomal protein profile is similar (basic
nature) under both the conditions. These results suggest that there is no

variation in the charge contributed by post translational modification.

Sucrose density gradient studies of halophilic ribosomes on 5-20%
gradients indicate that H. eurihalina logarithmic phase ribosomes are
compactly organized in comparison E. coli ribosomes, where as stationary
phase ribosomes showed density similar to E. coli ribosomes. This may be
explained by relating to the rRNA and protein profiles of halophilic ribosomes.
rRNA of the both species showed similar electrophoretic mobility, whereas
halophilic ribosomes showed more number of proteins compared to E. coli
ribosomes. Thus resulting in compact organization of H. eurihalina ribosomes.
In stationary phase ribosomes some of the proteins were found to be missing
and thus less compact, compared to logarithmic phase ribosomes.

Studies on 10-30% sucrose density gradients revealed that halophilic
ribosomes continued to be in associated form even under low magnesium ion
concentration such as 0.2 mM. Studies were also carried out in presence of
different salts to dissociate subunits. The results show a significant peak shift
in presence of salts such as potassium glutamate or sodium chloride, indicating
the stripping off of some ribosomal proteins from ribosomes as revealed by
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SDS-PAGE analysis. Even, in the presence of high salt (500 mM) and low
magnesium ion concentration (0.2 mM), ribosomes continued to maintain their
undissociated form, indicating the absence of magnesium dependent
dissociation of subunits in H. eurihalina ribosomes. These results also indicate
that the ribosomal subunits are tightly coupled. Conditions which favour
dissociation of ribosomes from other species (E. coli, eukaryotes) resulted in
unfolding of the ribosomal particles.

Further, we carried out sucrose density gradient studies on S-30 of E.
coli and H. eurihalina for the presence of native ribosomal subunits. To our
surprise, the results showed the absence of native ribosomal subunits in H.
eurihalina logarithmic and stationary S-30, hinting at the probable absence of
subunit dissociation or the requirement of a strong ribosome dissociation factor

activity (IF-3 like) for the formation of 30 S and 50 S subunits in H. eurihalina.

Hydrophobic interaction chromatography, which includes treatment of
ribosomes with high salt (1.5 M) and low magnesium (0.2 mM) concentration,
was also tried. Krillov (1978) demonstrated the isolation of subunits from E.
coli by hydrophobic interaction chromatography. H. eurihalina logarithmic and
stationary phase ribosomes remained in their undissociated monomer form
even with hydrophobic interaction chromatography supporting the results
obtained by sucrose density gradient studies and gel exclusion

chromatography.

We have analyzed the effect of magnesium ion concentration on the
subunit dissociation of H. eurihalina ribosomes by light scattering studies. The
amount of light scattered by ribosomal subunits will be less than the amount of
light scattered by associated ribosomes. In presence of low magnesium ion
concentration viz., 1 mM also there is no decrease in the amount of light
scattered by ribosomes of H. eurihalina. Under the same conditions E. coli
ribosomes showed dissociation as indicated by decreased light scattering with

lower magnesium ion concentration. These studies show that magnesium ion
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concentration dependent dissociation of ribosomes is absent in H. eurihalina.
These results support the results obtained by sucrose density gradient studies
and hydrophobic interaction chromatographic studies that the ribosomes from
H. eurihalina are composed of tightly coupled 30 S & 50 S subunits.

Structural organization of moderately halophilic ribosomes was studied
based on the changes in the conformation and stability of ribosomes up on
treatment with different salts and reagents as a function of magnesium ion
concentration in the presence of pancreatic RNase A. These studies might
provide valuable information regarding interactions or mechanisms involved in
the stabilization of protein-nucleic acid complexes at high salt concentrations.
Pancreatic RNase A was used as the enzymatic activity is unaffected, under the
conditions used (varying salt concentrations).

The conformation of ribosomes depends on many factors such as
primary and secondary structures of the ribosomal RNA, its interaction with
ribosomal proteins, free electrostatic energy of different rRNA regions and

finally the topologarithmicy of ribosomal particles.

The changes in conformation of ribosomes were detected by the
increase or decrease in the susceptibility of treated ribosomes to RNase A or by
variation in the amount of RNase A required to reach maximum level of
degradation and their resistance to unfolding treatments. The results were
analyzed by comparing with that of similarly treated mesophilic E. coli

ribosomes.

Magnesium ions play a major role in the stability of ribosomes.
Magnesium interacts with the nucleic acids in two distinct ways i.e. diffuse
binding and site binding (Misra and Draper, 1998). In diffuse binding, fully
hydrated divalent ions interact with the polynucleotide via nonspecific long-
range electrostatic interactions. In site bound magnesium is found within a

deep electronegative pocket formed by inter helical cleft where the sugar-
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phosphate backbone is buried within the RNA (Conn et al 2002). Diffusely
bound magnesium ions strongly promote RNA folding by preferentially
interacting with regions of high electronegative electrostatic potential created
by tertiary structure formation. Binding of magnesium to sites with very high
electrostatic potential can also favour the tertiary structure folding (Misra and
Draper, 2002).

RNase A susceptibility assays were done at different magnesium
concentrations as large difference in RNA stability could be used to distinguish

the change in the conformation of ribosomes.

The susceptibility of ribosomes at lower magnesium concentrations (0.1
mM) was more compared to that at high magnesium concentration (1 mM) at
room temperature. Lowering of magnesium concentration results in unfolding
of the ribosome structure (Gesteland, 1966), which makes the ribosome more

susceptible to RNase A due to exposure of single stranded rRNA regions.

RNase A sensitivity assays at different magnesium concentrations
indicates that the rate of degradation of H. eurihalina ribosomes in the
presence of RNase A was significantly less compared to that of E. coli
ribosomes. Degradation of both logarithmic and stationary phase ribosomes of
H. eurihalina in TNMg1Me was less and required many fold concentration of
RNase A to reach the same amount of degradation compared to E. coli

ribosomes.

H. eurihalina ribosomes are less susceptible to RNase A compared to
their mesophilic counterparts. The less susceptibility of H. eurihalina
ribosomes indicate that they may be stabilized by interactions other than those
formed by interaction with magnesium. The rate of degradation of H.
eurihalina ribosomes is less, due to compact structural organization of

ribosomes. These results show that halophilic ribosomes maintain their
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structural integrity with variety of non covalent interactions with strong

hydrophobic component.

The amount of enzyme required by the H. eurihalina logarithmic phase
ribosomes to obtain 20% degradation was 26 times more compared to that
required by the E. coli ribosomes to obtain 30% degradation. The amount of
enzyme required by H. eurihalina stationary phase ribosomes to obtain 25%
degradation was 10 times more compared to that required by the E. coli
ribosomes to obtain 30% degradation.

In the case of E. coli, degradation does not reach an absolute saturation
state and residual rate of break down is observed due to the degradation
induced unfolding, which makes the ribosomes more susceptible to RNase A.
Whereas, in the case of H. eurihalina, degradation has reached an absolute
saturation state indicating that degradation induced unfolding is absent in the
case of both logarithmic and stationary phase ribosomes. These observations
indicate that H. eurihalina ribosomes are very compact and the RNA available
for RNase A digestion is provided only by low magnesium ion concentration
induced unfolding.

In comparison with 30% degradation of E. coli ribosomes, even after
addition of 26 fold and 10 fold more RNase A the maximum amount of
degradation reached by H. eurihalina logarithmic and stationary phase
ribosomes is only 20% and 25% respectively, indicating the inherent resistance
of H. eurihalina ribosomes to RNase A treatment. It also shows that the H.
eurihalina logarithmic phase ribosomes are considerably more resistant to
RNase A treatment compared to stationary phase ribosomes indicating
significantly strong and compact structural organization of ribosomes isolated
from exponential phase cells and that the stationary phase ribosomes are more
unfolded. These results are in conformity with sucrose density gradient

sedimentation of stationary phase ribosomes. This difference may also be
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contributed by the absence of primary rRNA binding protein (L2) in stationary

phase ribosomes.

Low sensitivity of H. eurihalina ribosomes to RNase A could be due to
more extensive interactions that exist between the functional groups of
ribosomal proteins and rRNA domains than that of the mesophilic ribosomes,
which lead to the formation of more compact structural organization. Presence
of more number of ribosomal proteins or high protein to RNA ratio in
halophilic ribosomes may also help in stronger protein-rRNA interactions.

Studies on the effect of different salts and their concentrations on
RNase A sensitivity of H. eurihalina ribosomes shows the protective effect of
different salts at 250 mM concentration with an exception of sodium chloride,
which does not exhibit any protective effect at any concentration. These studies
also show that at 250 mM concentration, potassium chloride is exhibiting
highest stabilizing activity closely followed by ammonium chloride. Potassium
glutamate also exhibited some extent of protection against RNase A activity.
Sodium chloride, the salt which is vital for the growth of the bacteria is the
only salt among the group of salts tested, which does not exhibit any protective

activity.

RNase A sensitivity assays with polyamine treated ribosomes indicated
the higher stability of halophilic ribosomes in the presence of spermine or
spermidine compared to mesophilic ribosomes.

RNase A sensitivity assays showed that H. eurihalina ribosomes treated
with EtBr are less sensitive to RNase A compared to their mesophilic
counterparts. Both logarithmic and stationary phase ribosomes showed similar
resistance to EtBr. This may be due to fewer distortions produced by the EtBr
in case of H. eurihalina ribosomes compared to mesophilic ribosomes. H.
eurihalina rRNA in ribosomes may not be easily available for EtBr
intercalation, which may be due to the formation of an internal compact and
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poorly hydrated core created mainly by the hydrophobic protein-protein

interactions.

Resistance of halophilic ribosomes to unfolding reagents like urea was
studied. Urea treatment unfolds the ribosome resulting in removal of some of
the ribosomal proteins. This unfolding can be detected by the increase in the
absorbance of the solution (Langer et al 1975). Urea was found to influence the
H-bonding (Petermann et al 1972).

A large increase in the absorption at 260 nm is observed up on addition
of urea. Broadening of the spectrum in all regions was observed from 220 nm
to 300 nm with increasing concentrations of urea in case of E. coli ribosomes
suggesting urea induced unfolding of the ribosome. In case of H. eurihalina
logarithmic phase ribosomes the increase was very less where as stationary
phase ribosomes showed pattern similar to E. coli ribosomes. These results
show that the logarithmic phase ribosomes are organized in such a way that
makes them resistant to unfolding treatments i.e., with urea. On the other hand
stationary phase ribosomes are unfolded by urea. This could be because of the
already partially unfolded nature of stationary phase ribosomes.

Greater resistance showed by the halophilic ribosomes to urea also
indicates that the component rRNA and protein molecules are held together by
strong cooperative interactions. Probably hydrophobic bonds in protein-protein
contact surfaces could play an essential role in conferring the high degree of
stability to the halophilic ribosomes. Thus, results of sedimentation profile,
RNase A sensitivity studies, ethidium bromide intercalation, urea unfolding
suggest that H. eurihalina logarithmic phase ribosomes are more compact than
stationary phase ribosomes and E. coli ribosomes.

65 spots were observed consistently in logarithmic phase gels,
indicating the possibility of presence of more number of ribosomal proteins in
H. eurihalina. The presence of more number of proteins may be one of the
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reasons for the stability of the halophilic ribosomes. These proteins might be
organized in such a way, which makes the rRNA unavailable to degradation by
RNase A and thus making them more resistant to RNase A treatment. In
stationary phase ribosomes, some of the proteins were found to be missing and
many of them showed decrease in the concentration. Increased RNase A
susceptibility of stationary phase ribosomes in comparison to logarithmic phase
ribosomes also supports this view. We also found that some of the proteins (eg:
L1, L27, S7, S8 and S15) existed in two isoforms or truncated forms and

showed homology to the same protein.

The decrease in several of the ribosomal proteins in stationary phase
can be explained by either low concentration or their binding to ribosomes
could be affected by missing of some of the primary rRNA binding proteins
(eg: L2, L17, S7, S15 etc.).

MALDI-TOF MS analyses of the ribosomal proteins showed that
majority of the identified H. eurihalina ribosomal proteins are homologous to
eubacteria. None of them were found to be homologous to ribosomal proteins
of extremely halophilic archaea. Only one protein (S3) was found to be
homologous to S3 from Euryarchaeota. S3 forms complex with S10 and S14
and binds to the lower part of 30 S subunit. S3 is one of the ribosomal protein

which is highly conserved in eubacteria, archaea and eukaryotes.

Multiple sequence alignments of the identified peptides with
homologous ribosomal proteins from bacteria encompassing several genera,
phyla and kingdoms showed that these peptides exhibited considerable
homology to these proteins. Homology was found to both gram positive and
gram negative eubacterial ribosomal proteins, although the results showed that
several of the ribosomal proteins showed greater homology to ribosomal
proteins of gram positive species (phyla Firmicutes). Interestingly, H.
eurihalina is a gram negative bacterium classified under Proteobcateria, a
class in which all of the bacteria are gram negative. As already mentioned
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ribosomal protein S3 showed greater sequence homology to Euryarchaeota
than to eubacteria. The present work is useful in studying phylogenetic
relatedness of Halomonas with in prokaryotic kingdom and also across the
kingdoms (prokaryotes, archaea and eukaryotes).

Phylogenetic analyses of L2 and S3 showed that H. eurihalina are more
distantly related to Proteobacteria and closer to Firmicutes and Rubrobacteria.
Phylogenetic trees of relationship for L2 peptide sequences were given in Fig:
42 & 43. However the peptide query (m/z 1619.75) shares significant
homology to RNA binding domain in L2 that is conserved in eubacteria,
archaea and eukaryotes (Nakagawa et al 1999). Phylogenetic tree of L2 peptide
m/z 1733.60 showed that the peptide is highly conserved among different
domains of life. Phylogenetic tree of S3 was given in Fig: 44 and the analysis
showed that S3 is phylogenetically related to members of Euryarchaeota,
Crenorarchaeota followed by members of Firmicutes and Ascomycetes.

It is worth mentioning about the study by Vishwanath et al (2004) who
have analysed ribosomal protein sequences from bacteria, archaea and
eukaryotes by bioinformatics approach. Their study shows that three types of
ribosomal protein sequences blocks which are universal blocks (conserved in
both phylodomains prokaryotes and eukaryotes), bacterial blocks (unalignable
with any archaeal counterparts) and archaeal blocks (unalignable with bacterial
counterparts). Their study points to a complex evolutionary nature of
prokaryotes. Furthermore, Martini et al (2007) have used ribosomal protein
gene based phylogeny for finer differentiation and classification of
Phytoplasmas. Thus, 16 S rDNA based phylogeny can be refined by using

ribosomal protein based phylogenetic studies.
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Fig: 42. Phylogenetic tree of the relationship among L2 protein
(peptide m/z 1619.75) from H. eurihalina and other organisms.
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Fig: 43. Phylogenetice tree of the relationship among L2 protein (peptide m/z 1733.60)
from H. eurihalina and other organisms.
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Fig: 44. Phylogenetic tree of relationship among S3 protein
(peptide m/z 1733.13) from H. eurihalina and other organisms.
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S1 protein was purified and identified from H. eurihalina and its
molecular mass was found to be 61 kDa, similar to E. coli S1. In case of E.
coli, S1 is loosely associated with ribosomes and is lost during ribosome
preparation and purification. Thus majority of S1 is found in S-100 extract
instead of ribosomes in E. coli. We tried to find whether in H. eurihalina, S1 is
present in S-100. We observed that only negligible amount of S1 was found in
S-100 in case of both logarithmic phase and stationary phase S-100 of H.
eurihalina. These results showed that S1 association was not loose with H.
eurihalina (logarithmic and stationary phases) ribosomes, as in the case of E.
coli. During these studies we observed the presence of two low molecular
weight (12 kDa, 8 kDa), strong poly (U) binding proteins in H. eurihalina S-
100. These proteins were found to be cold shock proteins and 8 kDa protein
was found to be missing in stationary phase.

Cold shock proteins are stress induced in mesophilic bacteria (E. coli,
B. subtilis). However, presence of these proteins in abundance may indicate
that these proteins may have a function in the organism growing under extreme
salt concentrations. Presence of both the proteins in logarithmic phase S-100
may be of more advantage than the presence of single protein in stationary
phase S-100.
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SUMMARY

Thesis includes Introduction, Materials and methods, Results (Chapter 1, 2, 3
and 4), Discussion, Summary and References.

Introduction

This chapter deals with the introduction about halophiles, distribution
of halophiles among universal phylogenetic tree based on rRNA sequence
homologies, a brief account on H. eurihalina general properties, adaptation to
halophilic environments and biomolecule profile of moderate halophiles. A
detailed account on ribosomes, their structure, their halophilic counterparts
along with their comparison to archaeal and eukaryotic ribosomes, detailed
account of S1 protein, including its purification, physical properties, structure
and its role were also given. Objectives and scope of the present investigation

were also mentioned.

Materials and methods

This chapter includes materials and a detailed description of the
methodologies used to carry out the present work. The methodologies
described include growth of organism under moderate and extremely halophilic
conditions, isolation of ribosomes, extraction of ribosomal proteins and rRNA,
gel electrophoresis, two dimensional gel electrophoresis, sucrose density
gradient studies, hydrophobic interaction chromatography, spectrophotometric
measurement of the degradation of ribosomes in the presence of RNase A
under variety of conditions, light scattering studies, MALDI-TOF MS
identification of ribosomal proteins, computational analyses and poly (U)
affinity chromatography of ribosomes and S-100.
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Results

Chapter: 1. Growth phase and growth media dependent variation of

ribosomes

Growth phase dependent variation of ribosomes

Growth phase dependent variation of ribosomes was studied based on
the growth curve determination, isolation of ribosomes from logarithmic and
stationary phase cultures, extraction of ribosomal proteins and rRNA, their
analysis by SDS-PAGE and agarose gel electrophoresis. Logarithmic and
stationary phase ribosomal proteins were analysed and compared in terms of
two-dimensional gel electrophoresis. The two dimensional gel electrophoretic
mobility pattern of moderately halophilic ribosomal proteins was also
compared with two dimensional gel electrophoretic mobility of their non

halophilic counterpart, E. coli.

Growth media dependent variation of ribosomes

Growth media dependent variation of ribosomes was studied based on
the results obtained by determination of growth curves in the presence of
varying concentrations of salt (NaCl) and isolation of ribosomes from bacteria
grown under moderately halophilic and extremely halophilic conditions, and
their analysis and comparison in terms of SDS-PAGE and two-dimensional gel

electrophoresis.

Chapter: 2. Strucutral studies on ribosomes from logarithmic and

stationary phase H. eurihalina

Structural studies of halophilic ribosomes were carried out using
different methods of ribosomal subunit separation and studying the stability of

ribosomes treated with intercalating agents, different salts, polyamines in
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presence of RNase A and the stability of halophilic ribosomes was compared
with that of mesophilic ribosomes. The structure of ribosomes was studied by
their resistance to unfolding treatment i.e., with urea. Results were analyzed by
comparing with that of the similarly treated mesophilic E. coli ribosomes.
Light scattering studies were also performed to study the effect of magnesium

ion concentration on ribosomes.

Magnesium ion dependent subunit dissociation

Absence of magnesium ion dependent ribosomal subunit dissociation
was determined by sucrose density gradient centrifugation studies of ribosomes
using different salts in the presence of low magnesium concentration,
hydrophobic interaction chromatography and light scattering studies. Sucrose
density gradient studies of S-30 were also performed. These studies showed the
absence of magnesium dependent dissociation of ribosomal subunits and also
the absence of native ribosomal subunits in H. eurihalina. These results
establish that at low magnesium concentration also the ribosomes are

maintaining their monomeric undissociated form.

RNase A degradation studies with treated and untreated ribosomes

Stabilities of mesophilic (E. coli) and halophilic (H. eurihalina)
ribosomes treated with reagents like polyamines, different salts and
intercalating agents were studied using RNase A as a probe.

The rate of degradation and percentage of degradation of Halomonas
eurihalina ribosomes was less compared to E. coli ribosomes at different
magnesium ion concentrations. However treatment of ribosomes with different
salts showed that at optimum salt concentration, some salts exhibit protective
effect on halophilic ribosomes against RNase A treatment. The results indicate
the importance of salt concentration in stabilizing the halophilic ribosomal

structure.
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Ribosome unfolding studies with urea

Ribosome unfolding studies with urea treated ribosomes showed more
unfolding in case of E. coli ribosomes than both logarithmic and stationary
phase ribosomes of H. eurihalina. The unfolding of H. eurihalina logarithmic
phase ribosomes was less compared to stationary phase ribosomes. These
results indicate that H. eurihalina ribosomes are more resistant to urea
treatment and the rRNA-protein interactions are stabilized by strong
hydrophobic interactions in halophilic ribosomes compared to mesophilic

ribosomes.

Chapter: 3. Proteomic studies of ribosomal proteins from H. eurihalina

Proteomic studies of ribosomal proteins were carried out to identify
their identity. Numbering of ribosomal proteins was given based on their
electrophoretic mobilities. 65 proteins were identified in logarithmic phase
gels. Some proteins were found to be missing in stationary phase gels (eg: L2,
L19 and S12); where as some proteins showed decrease and some other
proteins were found to be increased in stationary phase gels in comparison to
logarithmic phase gels. Homologues of 26 bacterial ribosomal proteins were
identified in H. eurihalina ribosomal proteins. Some proteins like L1, L27, S7,
S8 and S15 were found in two isoforms or truncated forms and both of them
showed homology to same protein. Even though good spectra were obtained,
some of the proteins do not show homology to any protein indicating at the
possible presence of proteins unique to H. eurihalina.

Many of the identified H. eurihalina ribosomal proteins were found to
be homologous to ribosomal proteins from Firmicutes, Proteobacteria and
Actinobacteria. One protein each was found to be homologous to ribosomal
proteins from Euryarchaeota (S3) and Cyanobacteria (S7). These observations
showed that ribosomal proteins of moderate halophile are homologous to
ribosomal proteins of bacteria distributed among different phyla and kingdoms.
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These results also show that none of the ribosomal proteins were homologous

to ribosomal proteins from extremely halophilic archaea.

Multiple sequence alignments were carried out for the peptide sequence
identified by MS/MS analyses and significant homology was observed for

these peptides with ribosomal proteins of other bacteria.

Chapter: 4. Partial purification and identification of S1 from ribosomes
and low molecular weight, strong poly (U)-binding proteins from S-100 of

H. eurihalina

Purification and identification of S1 protein from ribosomes

Poly (U)-sepharose column chromatography was used to specifically
isolate poly (U)-binding proteins from ribosomes. The purified protein was
identified as S1 by MALDI-TOF MS. The results showed that H. eurihalina
ribosomes contain S1 and its molecular weight was estimated to be 61 kDa,
similar to its mesophilic counterpart, E. coli. The results also show that S1
associates tightly with H. eurihalina ribosomes as, S1 was found only in
negligible amounts in S-100.

Purification and identification of poly (U)-binding proteins from S-100

Poly (U)-cellulose chromatography was used to isolate poly (U)-
binding proteins from S-100. The results showed that H. eurihalina S-100
contains two low molecular weight, very strong poly (U) binding proteins. The
molecular weight of the proteins was estimated to be around 12 kDa and 8
kDa. Both proteins were observed in logarithmic phase S-100, whereas 8 kDa
protein was absent in stationary phase S-100. Both the proteins were identified
to be homologous to cold shock proteins.
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Discussion

Two dimensional gel electrophoretic studies of H. eurihalina ribosomes
showed that the ribosomal proteins of moderate halophiles are basic in nature,
unlike their extremely halophilic archaeal counterparts. Two- dimensional gel
electrophoresis studies also revealed that ribosomal proteins isolated from
moderately halophilic bacteria grown under extremely halophilic conditions
were similar to ribosomal proteins isolated from moderately halophilic bacteria
grown under moderately halophilic conditions.

Sucrose density gradient studies showed that logarithmic phase
ribosomes of H. eurihalina are denser compared to E. coli ribosomes. In spite
of using different methods to separate ribosomal subunits, none of them
resulted in separation of subunits, indicating the compact nature of H.
eurihalina ribosomes. The studies also indicated the absence of native

ribosomal subunits in H. eurihalina.

RNase A degradation studies with ribosomes at different magnesium
concentrations indicated that Halomonas ribosomes are stabilized by strong
RNA-protein interactions compared to mesophilic ribosomes and also that
logarithmic phase ribosomes showed more resistance to RNase A than
stationary phase ribosomes. In presence of optimum salt concentration of salts
like potassium chloride, ammonium chloride moderately halophilic ribosomes
showed more resistance to RNase A activity.

Many of the ribosomal proteins were identified by MALDI-TOF MS
and majority of them showed extensive homology to ribosomal proteins of
other bacteria (both gram positive and gram negative). S3 showed homology to
Euryarchaeota members, but none of the ribosomal proteins identified, showed
homology to ribosomal proteins of extreme halophiles. L2 and S12 were
identified to be missing in stationary phase ribosomes, along with many
ribosomal proteins showing growth cycle coupled variation. Multiple sequence
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alignments carried out with ribosomal proteins of other organisms showed

extensive homology and highly conserved nature of the identified peptides.
Poly (U)-binding protein, partially purified from ribosomes was
identified as S1. Two poly (U)-binding proteins were partially purified from S-
100 and both of them were identified as cold shock proteins. Among them, 8
kDa protein showed growth cycle coupled variation. Multiple sequence
alignments showed that the identified peptides were highly conserved among
other organisms.
Summary
It includes the summary of each chapter.

References

This chapter includes list of references cited in different chapters in an

alphabetical orders.
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