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RESPONSE

Soybean often performs poorly on acid-soil because of the acid sensitivity of
their associated root nodule bacteria. Acid tolerance in rhizobia has been considered
as a key phenotypic characteristic in that it enables the bacteria to perform well under
the restrictive conditions of excessive acidity. Bradyrhizobium sp. DASA01007 was
selected on the basis of acid tolerant and symbiosis efficiency. To understand the acid
tolerant strain, proteomic analysis was used in this study. The 29 identified proteins
were grouped into 8 categories based on Category Orthologous Group (COG) and one
group of unknown categories. Proteins produced from pH 4.5A (adaptive) consisting
of proteins in cellular processes (60 kDA chaperonin 6 and 10 kDa chaperonin),
conserved hypothetical protein, trandation (30 ribosomal protein S6), energy
metabolism (ATP synthaes subunit beta), regulatory functions (Two-component
response regulator, tcsR), and interconversions and salvage of nucleosides and
nucleotides (nucleoside diphosphate kinase, ndk) group were up-regulated. Transport
and binding proteins were absent in pH 4.5A (adaptive) condition. These proteins
including, hypothetical protein, transport and binding proteins (ABC transporter
sugar-binding protein and ABC transporter amino acid-binding protein), and
trandation protein (elongation factor Tu) were up-regulated at pH 4.5N (normal). At

pH 5.5A (adaptive), proteins up-regulated in cellular processes (10 kDa chaperonin



v

and 10 kDa chaperonin 1) were detected. Finally. in normal condition (pH 6.8), the
up-regulated proteins. such as cellular processes (60 kDa chapoerenin 1, 60 kDa
chaperonin 6) and translation protein (elongation factor Tu) were found. The 4
putative genes derived from identified proteins (b/I5845, bII1317, bir5625 and
bsr7532) were cloned into Escherichia coli DH5c. Four E. coli transformants
generated higher growth in acid condition at pH 4.0 than the wild type, This implied

that these genes might be involved in acid tolerance.
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CHAPTER |

INTRODUCTION

Soil acidity is a mgor problem to agricultural productivity in many areas of
the world. Legume pastures and grains crops often perform poorly on acid-soil
because of the acid sensitivity of their associated root nodule bacteria (Lie, 1981).
Soil acidity is a complex problem due in part to hydrogen ion concentration and
especially as pH drops below pH 5, to toxicities of aluminium and manganese, and
limited availability of calcium, phosphorus and molybdenum (Coventry et al., 1989).
Acid tolerance in rhizobia has been considered as a key phenotypic characteristic in
that it enables the bacteria to perform well under the otherwise restrictive conditions
of excessive acidity (Howieson et al., 1988). The screening for acid-tolerant isolates
that can colonize and/or persist in acidic soils thus gave rise to novel strains with
enhanced survival and/or symbiosis under moderately acid conditions. The fixed
nitrogen produced by this bacterium is subsequently assimilated by the host, and
improves plant growth and productivity. Overall, N, fixation supplied ~50% of
nitrogen used in agriculture (Vance et a., 1998). The selection of acid tolerant strain
of rhizobia has markedly improved legume productivity on acid-soil. This is a
continuing need for the identification of acid tolerant inoculum strains of rhizobia for
increasing yields of legume crops on acid soil or in environments in which
acidification is a problem (Watkin et a., 2003). The survival or growth of bacteria can

be adversely affected by low pH and cells need to adapt to a changing environment to



survive. However, studies on rhizobia tolerance to acidity in soils reveded that an
acid-tolerant rhizobium in laboratory cultures does not necessarily insure an
outstanding survival and competition of the same rhizobia under comparable acid
conditions in soil (Brockwell et a., 1991). Even more uncertain is the correlation
between the rhizobial ability to persist in acid soils and the capacity of these bacteria
to express their symbiotic phenotype in the same acidity (Howieson et al., 1988). An
understanding of the response of bacteria to low pH is particularly relevant to
interactions between bacteria and their host plant. Bacteria of medical importance
must survive harsh acidic environments such as those encountered in the stomach or
macrophage phagolysosome while agriculturaly important bacteria like root nodule
bacteria must first survive in acidic soil before they can successfully invade legume
roots (Munns, 1986). The mechanisms allowing cells to survive and grow at low pH
are not yet widely defined, although a number of processes have been proposed to be
involved for the enteric, including cytoplasmic buffering (Booth, 1985), DNA repair
(Foster, 1995), ion cycling (Booth, 1985), and pH amelio ration (Stim and Bennett,
1993). Among the stress-inducible genetic system is the acid habituation or acid-
tolerance response (ATR). This is an important response that enables cell exposed to
mildly acid pH to cope more effectively with subsequent more low-pH conditions
than cells previously grown at neutral pH. Several genes involved in acid tolerance in
Snorhizobium meliloti WSM419 were identified by Tn 5 mutagenesis. The process
by which this strain senses and/or responds to low pH appears to involve a signal
transuduction system (Acts, histidine protein kinase ‘sensor’, and ActR, its cognate
regulator). By analogy to the enteric organism, the existence of an ATR system in root

nodute bacteria (O'Hara and Glenn, 1994) suggested that synthesis of new protein



induced under acidic condition. Fenner et al., 2004 reported that ActS/ActR system is
essential for acid tolerance in S. medicae and ActS is involved in responses to both
microaerobic and acidic conditions. The isolation, sequencing and characterization of
the RegBA homologs ActS and ActR from the root nodule microsymbiont S. medicae,
both of which are essentia for growth at low pH. Complementary to this approach,
the identification of the genetic determinants of acid tolerance in rhizobia has also
been considered as a key strategy in the attempt to manipulate and improve bacterial
survival and symbiosis at low pH. The available evidence indicated that tolerance to
acidity in Bradyrhizobium spp. is a multigenic phenotype in which the genetic
determinants appear to be associated with diverse cellular functions. B. japonicum, the
nitrogen-fixing symbiont of soybean, is among the most agriculturally important
plant-associated bacteria. B. japonicum is soil bacterium that has ability to infect the
roots of soybean and enter into a symbiotic, nitrogen-fixing association with the host
plant. However, detail of genes controlling diverse cellular functions of B. japonicum
in acid condition was not clearly investigated.

According to the bradyrhizobial strains isolated from soil in Thailand, it was
found few number of isolates enable to survive under low pH (4.5) condition. Thus, in
order to enhance inocula of bradyrhizobial cell surviva in acidic soil, ATR might be
an aternative approach. The present research aims also to observe the genes in which

response to low pH condition.



Resear ch objectives

1.

To compare whether cultivation of B. japonicum based on acid-tolerance
response (ATR) promote better symbiotic response with soybean or not.

To determine protein production, genes expression and relate genes in low pH
condition.

To identify the genes which response to low pH condition in acid tolerance

B. japonicum.



CHAPTER I

REVIEW OF THE LITERATURE

2.1 Characteristics of therhizobia

Rhizobia or root nodule bacteria are middle size, rod shaped cell, 0.5-0.9 um
in width and 1.2-3.0 um in length. They do not from endospores, are gram-negative,
and are mobiled by a single polar flagellum or two to six peritrichous flagella. Uneven
gram staining is frequently encountered with rhizobia, depending on the age of the
culture. Cell from a young culture and nodule bacteroids usualy show even gram
stianing while older and longer cell give a banded appearance with unstained area.
These unstained areas have been identified to be large granules of polymeric beta-
hydroxybutyric acid (PHBA). The PHBA is refractile under phase contrast
microscopy. Rhizobia are predominantly aerobic chemoorganotrophs and are
relatively easy to culture. They grow well in the presence of O, and utilize relatively
simple carbohydrates and amino compounds. With the exception of afew strains, they
have not been fix N in the free-living from except under special conditions. Rhizobia
can combine nitrogen gas from air to nitrogenous compound that plant can utilize as a
direct nitrogen source. The enzyme nitrogenase is a complex of two enzymes, an Fe-
containing protein and an Fe-Mo protein. It is responsible for the conversion
(reduction) of atmospheric N into NH,4", and is synthesized in the cytosol of the
bacteroids. The legume utilizes NH," to convert certain precursor metabolites such as

o-ketoglutarate, phosphoenol pyruvate into amino acid, which, in turn, are synthesized



into protein. The complex biochemical reaction whereby the inert atmospheric N is
enzymaticaly reduced into a utilizable form for plant by the nitrogenase enzyme
complex of the bacteroids is called biological nitrogen fixation. The symbiosis
between leguminous plant and rhizobia is a complex interaction. This is aresult from
an effect between the legume and specific strain of rhizobium and legume are neither
productive nor persistence without effective nodulation by appropriate rhizobia
(Somasegaran and Hoben, 1994).

Members of genus Bradyrhizobium are a symbiotic nitrogen- fixing soil
bacterium that has the ability to form nodules on the root or stem of specific
leguminous plants. Bradyrhizobium species are Gram-negative bacilli (0.5-0.9 x 1.2-
3.0 um) with a single subpolar or polar flagellum. These bacteria are nonspore-
forming and aerobic, and possess a respiratory type of metabolism with oxygen as the
terminal electron acceptor. They usually contain granules of poly-B-hydroxybutyrate,
which are refractile by phase-contrast microscopy. Colonies are circular, opague,
rarely translucent, white, and convex, and tend to be granular in texture. They are
slow growing in contrast to Rhizobium species, which are considered fast growing
rhizobia. In aliquid media broth, it takes Bradyrhizobium species 3-5 days to create a
moderate turbidity and 6-8 hours to double in population size. They tend to grow best
with pentoses as a carbon source. Colonies often do not exceed 1 mm in diameter
within 5-7 days incubation on yeast-mannitol-mineral salts agar. They produce an
alkaline reaction in mineral salts medium containing mannitol and several other
carbohydrates. Growth on carbohydrate media is usually accompanied by the
production of extracellular polysaccharide dlime. B. japonicum is the most

agriculturally important species because it has the ability to form root nodules on



soybeans (Glycine max). B. japonicum USDA110, which was originally isolated from
soybean nodule in Florida, USA in 1957, has been widely used for the purpose of
molecular genetics, physiology, and ecology, because of its superior characteristics
regarding symbiotic nitrogen fixation. The genome of B. japonicum USDA110 is
a single chromosome 9,105,828 bp in length. The average G+C content of the genome
is 64.1 mol %. Fifty-two percent of the 8,317 potential protein-coding genes are like
genes of known function, 30% of the genes are hypothetical, and 18% have no
similarity to any reported genes. In addition, 34% of the genes were like genes in
M. loti and S meliloti, and 23% of the genes were unique to B. japonicum. The
genome structure of B. japonicum USDA110 is similar to that of M. loti in that many
of the genes for symbiotic nitrogen fixation are clustered on the chromosome.

To date, the genus Bradyrhizobium consists of 9 species including
B. japonicum (type species) nodulating Glycine (Jordan, 1982), B. betae from the
roots of Beta vulgaris afflicted with tumor-like deformations (Rivas et a., 2004),
B. canariense from genistoid legumes from the Canary Islands (Vinuesa et al., 2005),
B. elkanii nodulating Glycine (Kuykendall et al., 1992), B. iriomotense from a Tumor-
Like Root of the Entada koshunensis from Iriomote Island (Islam et al., 2008),
B. jicamae and B. pachyrhiz from nodules of Pachyrhizus erosus (Ramirez-Bahena et
al., 2009), B. liaoningense nodulating Glycine (Xu et a., 1995), and B. yuanmingense
nodulating Lespedeza (Yao et a., 2002), In addition to the species subdivision,
a number of serogroups have been described among slow-growing soybean
symbionts. Many other slow-growing rhizobia have been isolated from other legume
hosts and are commonly referred to as Bradyrhizobium sp., followed by the name of

the legume host. A specia feature of the Bradyrhizobium-Hegume symbiosis is that



some strains of Bradyrhizobium sp., such as BTail and ORS278 can form stem
nodules on some plant species, produce bacteriochlorophyll and perform
photosynthesis (Molouba et al., 1999). In addition, photosynthetic Bradyrhizobium
strains have also been reported as endophytes of African wild rice (Chaintreuil et a.,

2000).

2.2 Soybean

Soybeans (Glycine max) are an important global crop, providing oil and
protein. Soybean was considered for its use in crop rotation as a method of fixing
nitrogen. Soybean varies in growth and habit. The height of the plant varies from
below 20 cm up to 2 m. The pods, stems, and leaves are covered with fine brown or
gray hairs. The leaves are trifoliolate, having 3 to 4 leaflets per leaf, and the leaflets
are 6-15 cm long and 2-7 cm broad. The leaves fall before the seeds are mature. The
fruit is a hairy pod that grows in clusters of 3-5, each pod is 3-8 cm long, usualy
contains 2-4 (rarely more) seeds and 5-11 mm in diameter. Soybeans occur in various
sizes, and in many hull or seed coat colors, including black, brown, blue, yellow,
green and mottled.

The genus Glycine are divided into two subgenera, Glycine and Soja. The
subgenus Soja (Moench) F.J. Herm, includes the cultivated soybean, Glycine max (L.)
Merr., and the wild soybean, G soja Sieb. & Zucc. Both species are annua. G sojais
the wild ancestor of G max and grows wild in China, Japan, Korea, Taiwan and
Russia. The subgenus Glycine consists of at least 16 wild perennial species. for
example, G canescens F.J. Herm. and G tomentella Hayata, both found in Australia

and Papua New Guinea (Newell and Hymowitz, 1983).



Cultivation is successful in climates with hot summer, with optimum growing
conditions in mean temperatures of 20 to 30 C; temperatures of below 20 °C and over
40 °C retard growth significantly. They can grow in a wide range of soils, with
optimum growth in moist aluvial soils with a good organic content. Soybeans, like
most legumes, perform nitrogen fixation by establishing a symbiatic relationship with
the bacterium Bradyr hizobium japonicum (syn. Rhizobium japonicum; (Jordan, 1982).
However, for best results an inoculum of the correct strain of bacteria should be
mixed with the soybean (or any legume) seed before planting. Modern crop cultivars
generally reach a height of around 1 m, and take 80-120 days from sowing to
harvesting. The soybean planted area has expanded to the lower north, northeast and
centra plain of Thailand. The planted area reached of 815,940 rai in 2007 and
decreased to about 752,668 and 758, 041 rai in 2008 and 2009, respectively
(http://www.oae.go.th/download/article/2553). Due to the increasing of planted area
of the second rice (irrigated crop) in dry season and sugarcane in rainy season, the
total product of soybean is get along with the planted area about 201,291 ton in 2007
and decreased to 186,598 and 190,480 ton in year 2008 and 2009, respectively.
Although the planted area and the total product was decreased, the national
productivity of soybean was increased from 247 kg/rai in 2007 to 248 and 249 kg/rai
in 2008 and 2009, respectively (http://www.oae.go.th/download/article/2553). This
was probably associated with the release of high yielding varieties combined with
appropriate management techniques. At present, the popular varieties are SJ5, Chiang

Mai 60, S, Sukhothai 2 and Sukhothai 1, respectively.
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2.3 Biological Nitrogen Fixation (BNF)

Nitrogen is commonly the most limiting element in agricultural production
and or the most of expensive to purchase as fertilizer. There is an abundant supply
form air (78% air is nitrogen gas, amounting to about 8,000 pounds nitrogen in the air
over every area at land). However, the nitrogen in air is a stable gas normally
unaviable to plant. Biological Nitrogen Fixation (BNF) involves the enzymatic
reduction of nitrogen gas to ammonia. The ammonia produced then can be
incorporated by enzymatic for the growth and maintenance of the cell. BNF is unique
to bacteria, animal and plants that fix N, must be do in associate with bacteria (Stacey
et a., 1992). Many leguminous plants are able to utilize this atmospheric nitrogen
through an association with rhizobia, bacteria that are hosted by the root system of
certain nitrogen fixing plants. This self sufficiency, with many free the plant from the
need amendment with manufacture N fertilizers, is achieved by symbiotic fixation of
inert gas from atmospheric into NH,4" in the soil that is used in amino acid and protein
synthesis. Nitrogen reduction is a very complex mechanism not as yet fully
elucidated. The result of net reduction of molecular nitrogen to ammonia is generally

accounted for by the following equation.

+ ) Nitrogenase .
N,+8H +8 +16 MGATP ———= 2NH3; + H,+ 16 MgADP + 16Pi

The components of No-fixation process were nitrogenase enzyme and
leghemoglobin, in nodules of legumes, nitrogenase synthesis normally follow very
shortly after bacteria are released from infection threads. The enzyme nitrogenase is
comprised of two easily separable proteins designated the iron (Fe) protein

component Il and the molybdenum-iron (MoFe) protein or component |. The MoFe
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protein is a tetramer (a232) of 220 kD Molecular mass. The MoFe protein contain 2
atoms of Mo and 24 to 32 atoms of Fe and S per molecule. The role of MoFe protein
is to transfer electrons to N, and H*. The Fe-protein is a homodimer. The Fe-protein
has two Mg-ATP binding site and as ATP binds to these sites, the potential of electron
a the (4Fe-4S) clster is reduced, allowing to Fe-protein to donate electrons to the
MoFe protein (Vance et a., 1998). It is responsible for conversion (reduction) the
atmospheric N to NH," and synthesized in the bacteroid cytosol. The assimilation of
N> fixed in the bacteroids is exported through the inner and outer membrane of the
microsymbiont and through the peribacteroid membrane into host plant cytosol. The
nitrogenase enzyme complex is rapidly and irreversibly denatured by O,. Thus the
enzyme is functional only in low O, environments. The important contributor to
solving the O, dilemma is leghemoglobin an O, binding protein found within nodule
infected cells. This plant protein which is very similar to animal hemoglobin gives
nodules their pink color. Leghemoglobinfaccilitates the diffusion of available O,
though the plant cell cytoplasm to bacterial cells at concentrations which alow
oxidative phosphorylation to occur without inactivation of nitrogenase activity (Vance

et al., 1998).

24 Acid soil

Soil acidity isamajor growth-limiting factor for plant in many parts of the world.
Acid soil toxicity is not asingle factor but a complex of factors that may affect the growth
plants through different physiologica and biochemicd pathways. The specific causes of
poor plant growth on acid soils may vary with soil pH, clay minera types and amounts,

organic matter contents and kinds, levels of sdts, and particularly, with plant species or
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genotypes (Clark, 1982). Growth-limiting factors that have been associated with the acid
soil infertility complex include toxicities of AlI**, Mn®* and other metal ions, low pH (H"
toxicity), and deficiencies or unavailabilities of certain essentia element, particularly Ca,
Mg, Pand Mo. Acid soil factors may act somewhat independently, or more often together,
to affect the growth of higher plants (Foy and Fleming, 1978).

The direct effects of the H" ion on plant growth are difficult to determine in acid
soils, because a soil pH levels where it is considered harmful, Al, Mn and other minera
elements may dso be soluble in toxic concentrations, and the availabilities of essentia
elements, particularly Ca, Mg, P and Mo may be suboptima. In most acid soils (pH > 4),
Al** and Mn** toxicities more important than H* ion toxicity in limiting the growth to
higher plants. However, H" ion toxicity may restrict the surviva and activity of rhizobiaor
other soil microorganisms (Kamprath and Foy, 1985). The effects of the H' ion are
confouned with other factorsin acid soils. In genera, the root of plants damage by low pH
(<4.0) are short, thickened, fewer in number and discolored brown or dull gray (Idam et
al., 1980). Excess H™ ions have marked effects on root membrane permesbility. Roots may
lose previoudy absorbed cations as well as organic substances, and prolonged exposure to
low pH may reduce their capacities for subsequent absorption of nutrients. Its effect on
nutrient uptake and retention by plant roots, the H* ion can increase plant requirement for
Ca and perhaps other nutrient in growth medium. For example, Lund (1970) found that
soybean taproots growing in the nutrient solution portion of asplit medium required higher

Calevelsat pH 4.5 than pH 5.6.
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25 Effect of acid soil on rhizobia-host plant

Sail acidity effects on legume nodulation include reduced surviva and growth of
rhizobia in soil and seed, reduced attachment and root-hair infection and poor plant
growth. Actudly, acid pH has a much effect on the fast growing rhizobia than
bradyrhizobia. (Bryan, 1923) reported that afalfa bacteria were killed at a soil pH of 5.0
those of red clover a pH 4.5 to 4.7 and those of soybean at pH 3.5 to 3.9. Nodules formed
at any pH where plants grew, but their numbers were greatest at a pH near 7.0. Doolas
(1930) found that soybean rhizobia remained viable in soil a pH 4.8 to 8.3. Soybean roots
showed depressed nodulation within the pH range of 3.8 to 4.6 but were hedlthy at pH 5.6.
The H ion is particularly important in legumes grown without fertilizer N. It affects
rhizobial survival and multiplication in soils, root infection and nodule initiation, legume
rhizobia efficiency, and nutrition of host plant. The root infection process is particularly
sendtive to acidity, requiring a higher pH than that for rhizobia surviva (Munns, 1978).
Glycine was dso pH sengitive and showed a steady increase in nodulation between pH 4
and 6. Introduction of rhizobia strains with acid tolerance property has been conducted in
the central region of Argentina. This areawas found become progessively more acidic over
the last two decades. The inoculant is applied for dfdfa, however, the response to
inoculation with specific rhizobia is strongly by native soil rhizobia that compete with the
introduced strains (Broughton et al., 2003). Munns (1978) noted that wide variability in H *
ion tolerance within both host plant and rhizobia specie provide an opportunity to develop
more effective rhizobid host plant combinations but that better screening guidelines are

needed for evaluating the effectiveness of such under field conditions.
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26 Bacterial physology in acid condition

Enterobacteriaceae have been widdy investigated regarding the existence of
inducible acid surviva mechanisms. Since, they are constantly under assault by a wide
array of environmenta stresses. One of the most frequently encountered hostile conditions
is acid stress. Neutraophiles like E. coli, Samonella typhimuium or Shigella flexneri while
travelling through the gastrointestinal tract must endure extreme low pH in the ssomach as
well as volatile fatty acids present in the intestine and faeces. Acid surviva responsesin
their group of bacteria are contained components of inducible acid tolerance and acid
resstance. The lowing of interna pH (pH;) by proton leak at low outsde pH (pHg) will
induce severd amino acid decarboxylases, particularly arginine and glutamate
decarboxylases. These enzymes are membrane embedded, function best a pH; ~ 5.0, and
areimportant in the buffering of intracellular H. This system appear to act asinducible pH
homeostasis system, elevating pH; by consuming a proton during decarboxylation and then
exchanging the decarboxylation endproduct for new substrate via membrane bound anti-
proton (Bearson et d., 2006). Another acid tolerance mechanism requires induction and is
referred to as the ATR (acid tolerance response). The ATR will protect cell below pH4 and
requires protein synthesis to be effective. Furthermore, the ATR requires the Mg?'-
dependent protein-trandocating ATPase (atp) as well as the fur gene product, while
nonadaptive acid tolerance require neither (Foster and Hall, 1991). In addition, Jonge et. al.
(2003) aso demonstrated that the amount of proton pumping H*/ATPase, both in E. coli
0157 and S typhimurium strains, was low when grown at pH value less than 6 after growth
at pH 7.5. Cyclo fatty acid construct of membranes of bacteria grown a pH value less
than 6 was higher than that of membranes of bacteria grown a pH 7.5. In case of

Helicobacter which colonies the human stomach must facing acidic condition al the time.



15

Most of Helicobacter harbor urease enzyme which able to convert urea to anmonia and
CO; for buffering both pH in cytoplasm and periplasm. However, the mechanism to
survive in acid condition is more complicated than previoudy discussed. Wen €. d. (2003)
demonstrated that about 200 groups were up-regulated at pH 4.5. These genes include pH
homeostatic genes were overlgp with some genes induced by temperature stress. Thus,
Helicobacter has evolved multifaceted acid-adaptive mechanisms enabling it to colonize
the stomach that may be targets for eliminatory infection.

For rhizobia, severd researchers have shown that the cytoplasmic pH of acid-
tolerant strains is strongly affected by externa acidity. The hight cytoplasmic potassum
and glutamate level in acid-stress cdlls of R. leguminosarum bv. fasiloi, a response which
is similar to that found somatically stressed cells. Differences in lipopolysaccharide (LPS)
composition, proton excluson and extrusions, accumulation of cellular polyamines and
synthesis of acid shock protein have been associated with the growth of cell at acidic pH.
Moreover, the composition and structure of the outer membrane as well as nod factor

could dlso be afactor in pH tolerance (Mordn et d., 2005; Zahran, 1999).

2.7 Proteomics

Proteomics, an abbreviation of the words protein and genomics (Wilkins et a.,
1995), is an advancing branch of molecular biology that deals with the systematic,
large-scale analysis of proteins. Proteins play major roles in aimost every biological
function, so an extensive study of the proteins in the cell contributes a unique global
perspective on how these molecules interact and cooperate to create and protect a
working biological system. The cell corresponds to internal and external effects by

adjusting the level and activity of its proteins, so changes in the proteome, either
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gualitative or quantitative, provide a snapshot of the cell in action. The proteome is a
complex and dynamic entity that can be defined in terms of the sequence, structure,
abundance, localization, modification, interaction and biological function of its
components, providing a rich and varied source of data. An equally diverse range of
technologies are required for the analysis of these various properties of the proteome
(Twyman, 2004). The terms “proteomics’ and “proteome’” were first used by Marc
Wilkins and colleagues in the early 1990s and reflect the terms “genomics’ and
“genome’’, which describe the entire collection of genes in an organism. These
“-omics’ terms represent a redefinition of how to approach to biology and the

workings of living systems (Liebler, 2002) (Figure 2.1).

DNA — EHOME:
“"Genomics”

mRNA

proteins ™"  Proteome
“Proteomics”

cell functions

Figure 2.1 Biochemical context of genomics and proteomics (Liebler, 2002).
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Proteome analyses are accompanied by two-dimensional gel electrophoresis
(2DE) for separation of proteins followed by protein identification by mass
spectrometry (MS) and database searches. Due to the introduction of soft ionization
methods to mass spectrometry like matrix assisted laser desorption ionization
(MALDI) and electrospray ionization (ESI) together with developments in sample
preparation techniques and rapid increase of sequential information in databases, mass
spectrometry has admitted of protein identification and characterization during the last
decade (Ashcroft, 2003).

Proteomics, especially 2DE, has been used from the outset to investigate the
bacterial proteome under different growth conditions and various external stress
factors (Krueger and Walker, 1984; Young and Neidhardt, 1978). Nevertheless,
Fleischmann and colleges (1995) opened a new field for bacterial proteomics by
completing first genome sequence of a bacterium, Haemophilus influenzae strain RD
KW?20. On the basis of a good-elucidated genomic sequence, introduction of a large-
scale MS techniques emerged to identify protein spots on a 2 dimensiona gel. The
complete genomic sequences of around 350 bacteria have been identified, so that one
can have the opportunity to choose between a diversity of bacteria for proteomic

studies based on scientific interest.

2.8 Two-dimensional gel electrophoresis

2DE, first introduced for protein separation in the early 1970s by O’ Farrell
(1975), is a powerful and widely used electrophoretic technique that analyzes
thousands of individua protein species extracted from cells, tissues, or other

biological samples. Spot patterns are formed in 2DE analysis in which every single
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gpot indicates an individual protein species to its specific coordinates. The intensity of
an individua spot implies how much the cell has produced of that actual protein
(Bendixen, 2005). This method is actualy a combination of two different and
independent types of separations. The first dimension is isoelectric focusing (IEF),
which separates proteins according to their isoelectric points (pl); the second
dimension is sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-

PAGE), which separates proteins according to their molecular weights (MW).

Two Dimensional Electrophoresis

(1) IEF or IPG (2) SDS-PAGE
17-72 hr 6 hr

Figure 2.2 A model of two-dimensional gel electrophoresis (resource: http://en.

wikibooks.org/wiki/File:2D _electrophoresis.gif).
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28.1 Firstdimension: |[EF

IEF is an electrophoretic method that distinguishes proteins based on
thelr isoelectric points pl. Proteins are amphoteric molecules (zwitterions); they carry
either positive, negative, or zero net charge, depending on the pH of ther
surroundings. The net charge of a protein is the sum of al the negative and positive
charges of its amino acid side chains and amino- and carboxyl-termini. The pH at
which a protein has no net charge is called the “isoelectric point’” or “pl’’ of that IEF-
focuses proteins. Equilibrate in SDS and reducing agent to give uniform protein
shape, single subunits, uniform negative charge/mass ratio SDS-charged proteins in
IPG strip. Apply to SDS-PAGE gel SDS-charged proteins resolved according to size
in SDS-PAGE. Proteins are positively charged at pH values below their pl and

negatively charged at pH values above their pl.

2.8.2 pH Gradients

The existence of a pH gradient is crucia to the IEF technique. When
an electric field is applied, a protein will move to the position in the pH gradient
where its net charge is zero. A protein carrying a positive net charge will move toward
the cathode, becoming incrementally less positively charged as it moves through the
pH gradient until it reaches its pl. A protein with a negative net charge will move
toward the anode, becoming less negatively charged until it also reaches zero net
charge. If a protein should diffuse away from its pl, it immediately gains charge and
migrates back. This behaviour is called focusing effect of IEF, which concentrates
proteins at their pls and lets proteins be separated dependent upon very small charge

differences (Berkelman and Stenstedt, 2001).
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2.8.3 Second dimension: SDS-PAGE

SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
is an electrophoretic technique that separates proteins according to their molecular
weights irrespective charge. The main principle underlying this technique is the
exposure of denatured proteins to the anionic detergent (SDS) within the
polyacrylamide gel, which binds stoichiometrically to the polypeptide backbone and
carries a large negative charge. The separation is not influenced by the intrinsic
electrical charge of the proteins due to the presence of SDSin the sample and the gel.
When in solution, SDS forms spherical micelles composed of 70-80 molecules with
the dodecyl hydrocarbon in the core and hydrophilic sulfate groups in the head. When
SDS binds to proteins, it creates complexes with a necklace-like structure composed
of protein-decorated micelles connected by short flexible polypeptide segments
(Ibel et a., 1994). In the consequence of this necklace structure, great amounts of
SDS are involved in the SDS-protein complex in aratio roughly 1.4 g SDS/g protein.
The existence of tens or hundreds of SDS molecules on each polypeptide eclipses any
intrinsic charge of the proteins themselves so that anionic complexes formed have a
constant net negative charge per unit mass. SDS molecules binds stoichiometrically to
the proteins, that means the larger the protein, the higher binding capacity of SDS it
has. This event brings two significant outcomes assuring molecular weight based-
separation only, which are the facts that all SDS-protein 28 complexes have primarily
the same charge density, and they sustain relative differences in molecular weights
between proteins. As mentioned in one dimensional gel electrophoresis, the gel
enabl es the size-based separation by sieving the proteins as they migrate. This sieving

effect is based on the pore size of the gel, which is then dependent on the gel
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concentration. Total acrylamide content of the gel is referred to as T%. For the
polyacrylamide gels, the monomer is made up of the gelling agent acrylamide and
also the cross-linking agent bis-acrylamide. Thus, the pore size becomes aso
dependent on bis-acrylamide content (C%) (Twyman, 2004). Generally, pore size is
controlled by varying the T% between 4 % and 20% while keeping C% constant. So
gel conditions can be chosen according to molecular weights of the proteins to be
separated and the desired degree of restriction. Gels having high T% (i.e.12%) have
small pore sizes making them restrictive and favouring the movement of smaller
proteins while little or no movement of larger proteins, and vice versa (Kinter and
Sherman, 2000). The molecular weights of the proteins in the sample can be predicted
by including, in one of the lanes of the gel, a series of protein markers whose masses
are aready known. The most frequently used buffer system to run second dimension
SDS-PAGE is the tris-glycine electrophoresis buffer system which is described by
Laemmli (1970). This buffer system separates proteins at high pH that brings the
benefit of minimal protein aggregation and clean separation even at relatively high
protein loads. On the other hand, the Laemmli buffer system has disadvantages in

terms of alimited gel shelf life.

2.8.4 Protein detection and image acquisition
The last step of 2D-PAGE is the detection of proteins that are
separated and planned for in-gel digestion. Visualization of proteins can be commonly
achieved by three well known techniques, namely Coomassie brilliant blue-staining
(CCB), silver-staining and fluorescent-staining. In general, amount of protein in the

sample determines which types of staining method were applied. CBB is an organic
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dye used for colouring proteins in polyacrylamide gels. It is commercialy available
with different labels as G-250, R-250, and R-350 according to detection sensitivity. In
spite of various staining procedures, standard staining is usually performed mixing the
dye with concentrated acid in ethanol or methanol. So, a colloidal suspension is
generated, that develops intensely coloured complexes with proteins. Overnight
immersion of the gel in this solution, saturates the gel and stains proteins. CCB is a
commonly used protein detection technique due to its ease of use, high compatibility
with mass spectrometry, and linear response for most proteins, it lacks the sensitivity
for proteomic analysis with a detection limit below 10 ng. Moreover, interpretation of
mass spectrometry data can be obstructed in situations where possible modifications
of glutamic acid side chains occur by the dye. CBB aso does not necessarily offer a
successful staining for highly acidic, highly basic, or glycosylated proteins. Another
commonly used method is silver staining which is based on reactions known from
photography. The basic principle is diffusion of silver ions into the gel at acidic pH,
their binding to sulfhydryl and carboxyl groups of amino acid side chains (Rabilloud,
1990), and reduction to metallic form at basic pH. Protein spots are black or brown
coloured due to the mediation of silver crystallization by peptide backbone and
functional groups of amino acids (Moritz and Meyer, 2003). Silver staining is about
100 times more sensitive than CBB staining (Switzer et a., 1979) giving detection
limits for 2D gel protein bands in the range of 0.5-1.0 ng. Despite this, silver staining
protocols suffer from the disadvantage of limited compatibility with downstream mass
spectrometry since cysteine residues and alkylate-exposed amino groups can be
modified by silver stains. It can also be troublesome due to the fact that precise timing

is required between staining steps to get reproduci ble and coherent results.
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Recently, a number of fluorescent dyes have been introduced into
detection methods. These dyes consist of complexes of an organic compound and a
heavy metal component (e.g. ruthenium; Sypro Ruby). Fluorescent staining combines
the advantages of high sensitivity and compatibility with mass spectrometry
(Berggren et a., 2000; Mackintosh et al., 2003). However, these techniques require a
high expense of hardware since fluorescent signal is not visible to human eye directly.
Additionally, gels stained with fluorescent dyes can not be stored for long terms
because they are temporarily light sensitive (Granvogl et a., 2007). Following to the
staining procedure, the abundance of different proteins on a 2D-gel is specified in
terms of intensity, size and shape of the related spots. Hence, protein quantitation
necessitates the conversion of an analogue gel image into digital data. In this way,
objective comparisons of equivalent protein spots on different gels can be performed
in order to observe up-regulated and/or down-regulated proteins as well as newly
produced proteins. Since human eye is very subjective when judging protein spots,
2D-gels stained with CBB or silver are scanned by a charge-coupled device (CCD)
camera or a densitometer. The image from a CCD camera is then analyzed by
computer based software tools, such as DECODON Delta2D, Bio-Rad’'s PDQuest and

Image Master Platinum for spot detection, matching and quantitation.

2.8.5 In-gel digestion
Thein-gel digestion, a method introduced by Rosenfeld et al (1992), is
a critical step of sample preparation for the mass spectrometric analysis of proteins.
After visuaization of the gel, protein of interest requires to be divided into its

peptides for protein identification by mass spectrometry. Because generated peptides
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have molecular weights within the mass range of mass spectrometers. Mass
spectrometry can still produce measurement errors whose magnitude increases as the
length of the peptide chain gets longer. In addition, the fact that protein databases are
constructed according to the peptide masses makes peptides preferable against intact
proteins. Theterm “in-gel’’ represents that the protein is processed and digested while
contained in the polyacrylamide gel piece. Although several modifications have
contributed to increasing peptide yield and improving the quality of MS data,
essential steps of the technique have remained unchanged. Basically, in-gel digestion
includes cut of protein spots of interest from the gel, its destaining, reduction and
alkylation of cysteines, and treatment of proteins with a specific protease. In this
manner, the gel matrix is penetrated by the enzyme, which leads to digestion of the
protein to peptides. For most proteome studies, trypsin is a universal choice due to its
exclusive properties as a protease. Specificaly, it cleaves an amino bond on the C-
terminal side of lysine and arginine residues. The spacing of these two residues in
many proteins provides the generation of the peptide masses that fits the range
required for MS analysis (Olsen et a., 2004). Peptide fragments having 6-20 amino

acids are optimum for MS analysis and database searches.

2.9 Mass Spectrometry (MS)

MS has been accepted as the most comprehensive and all-purpose analytical
technique that measures mass-to-charge ratio (m/z) of molecules and atoms since the
early 1900s. It has come into prominence in the fields of chemistry, physics, geology,
archaeology, nuclear science, material science, environmental science, forensic

science, and petroleum industry. MS major serves the purposes of molecular mass
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determination, structure elucidation, quantification at trace levels, and mixture
analysis. High resolution mass spectrometry made exact mass measurements possible
in 1950s while development of gas chromatography (GC) MS facilitated the analysis
of complex mixtures in the following decade (Watson and Biemann, 1964).
Previously, the application of mass spectrometry to biology was ambiguous due to the
absence of ionization methods applicable to biological compounds. Fortunately,
introduction of soft ionization techniques have paved the way for mass analysis of
large molecular mass biological compounds so that mass spectrometry has become an
essential tool in biological research. More specificaly, MS satisfies all basic
requirements of proteomic studies, which are a broad dynamic detection range, high
throughput and accurate protein identification, absolute protein quantification, the
ability to cope with multiple proteins in a single spot, and characterization of post-
translational modifications.

As mentioned previously, MS is an analytical technique that can measure the
m/z of individual molecules and atoms. The first fundamental step in MS analysisis
to convert the neutral analytic molecules into gas-phase ionic species to be able to
control their motion. Fragmentation takes place if energies higher than ionization
energies are used during ionization process. Then, ions are accelerated through a
voltage difference towards a mass anayzer, which separates these molecular ions and
their charged fragments based on m/z ratio. Finally, ion currents generated by these
mass separated ions are recorded by a convenient detector and monitored in the form
of amass spectrum, a plot of m/z values versus abundance. A high vacuum (10 -107 torr)
is maintained throughout all components of the system to let ions move freely in

space without colliding or interacting with other species.
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2.10 lonization methods

Sample ionization is a keystone of mass spectrometry since a compound needs
to be charged and ionized to be analyzed by a mass spectrometer. lonization sources
enable the conversion of neutral molecules into gas phase ionic species so that electric
and magnetic fields can be used to exert forces on charged particles in a vacuum for
mass analysis. The selection of ionization method is dependent on the nature of the
sample investigated. In the case of biomolecules, soft ionization methods which
provide mass spectra with less or no fragment ion content are being used. The most

common of these methods include ESI and MALDI.

2.10.1 Electrospray lonization (ESI)

Electrospray ionization (ESI) has become a popular mode of ionization
technique for qualitative analysis of a broad variety of compounds in solution. The
invention of ES| has given rise to a respectable progress in mass spectrometry. Dole
laid the foundations of ESI in 1968 by producing gas phase ions from electrically
charged liquid droplets (Dole et a., 1968). The work of Dole then gave inspiration to
Yamashita and Fenn for combining ESI with mass spectrometry (Yamashita and
Fenn, 1984). The gentile nature of this ionization explains the versatility of ESI-MS
combination for the measurements of molecular masses of nonvolatile and thermally
unstable compounds. Furthermore, it serves as an excellent interface to couple high
performance liquid chromatography (HPLC) with MS for the analysis of complex
samples. In ESI process, solution of the sample is first mixed with a continuously
flowing suitable solvent in a capillary tube that is a 1:1 mixture of water and an

organic solvent (methanol, acetonitrile, or isopropanol). A potentia difference of
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3-4 kV applied between the capillary and the inlet to the mass spectrometer generates
afine spray of charged droplets forming a cone shape, known as a Taylor cone (Wilm
and Mann, 1996), while emerging from the tip of the capillary. A drying gas at the
interface, usually nitrogen, helps the evaporation and removal of the solvent from the
charged droplets. While the diameter of the charged droplet decreases, the charge
density on its surface increases. When surface tension of the droplet and electrostatic
repulsion on it are equalized, charged droplet explodes to produce daughter droplets
which are exposed to further evaporation. This cycle repeats itself until evaporation is
completely finished. In the end, resulting desolvated, gas-phase ions are accelerated
through mass analyzer and separated based on m/z ratio and all separated ions are

detected with the detector.

Evaporation
) o ‘Chamber
Caplillary

Figure 2.3 ESI process. (resource: http://www .magnet.fsu.edu/education/tutorials/

toolg/ionization_esi.html).
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2.10.2 Matrix-Assisted Laser Desor ption/l onization (MALDI)

MALDI mass spectrometry is an established ionization technique,
especially for macromolecules of biological importance. The invention of MALDI
was first reported nearly at the same time by two groups, Karas and Hillenkamp
(1988) and Tanaka and co-workers (1988). This approach has gained a wide
acceptance for analysis of large biopolymers with masses up to 500 kDa. MALDI can
aso provide characteristics of speed, high sensitivity, ease of use while tolerating
small amounts of contaminants like salts and surfactants. An astonishing aspect
elevating MALDI to alevel where it has become an indispensible technique is mixing
of the sample with a “matrix’’, a low-molecular weight energy-absorbing organic
acid. Matrix is the heart of MALDI process since it serves as laser energy absorbent
and an energy transfer agent in order to prevent direct interaction of laser energy with
the sample. Principally, the analyze is dispersed in a large excess of matrix material
(in the ratio of one-to-several thousands) which can strongly absorb energy at the
wavelength of the laser radiation (typically a nitrogen laser at 337 nm). The analyze
and matrix is then dissolved in an organic solvent, placed on a metallic probe or
sample target, and allowed to dry. Evaporation of the solvent leaves matrix crystals
surrounding analyze molecules. After the target is placed in the vacuum chamber of
the mass spectrometer, a high energy laser beam is directed at the sample plate with
about 106 W/cm ? irradiance power. Most of the laser energy is efficiently absorbed by
the matrix crystals causing evaporation of the matrix, and this energy is transferred to
the analyze as heat in a controlled manner such that no fragmentation occurs. So
analyze molecules are converted into gas-phase ions by gas-phase proton-transfer
reactions. Once in the gas phase, anayze ions are then directed electro statically into

the mass analyzer.
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N
Analyte/Matrix
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Figure 2.4 MALDI process. (http://www.magnet.fsu.edu/education/tutorials/tool s/

lonization_maldi.html).

2.11 Massanalyzers

At the end of ionization process, a mass analyzer is required to separate ions
produced at the ion source according to their m/z ratios. Applying suitable electric and
magnetic fields, ion motion can be controlled and manipulated in the mass analyzer in
order to detect the number of ions at each individua m/z value. The principle of
distinguishing the motion of a charged particle relies on kinetic energy, momentum
and velocity of the ion so that an analyzer can mass-resolve the ions. Mass anayzers
maximize the transmission of all ions entering from ion source and help to focus all
mass-resolved ions at a single focal point for the ease of detection. Fundamental
instrumental parameters assigning the performance of mass analyzers include mass
range, mass resolution, mass accuracy, detection sensitivity, and scan speed as much

as design and associated ion optics. For proteomics research, different types of mass
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analyzers can be used, such as time-of-flight (TOF), quadrupole ion trap, quadrupole
linear, and Fourier transform ion cyclotron resonance (FT-ICR) analyzers. They are
quite different in terms of experimental design and performance parameters like
resolution, sensitivity, and mass accuracy. Intended for improved overall capability
and making the use of different strengths, mass analyzers can be combined in tandem
to build hybrid instruments, called tandem mass anadyzers (MS/MS) such as
quadrupole/quadrupole, magnetic sector/quadrupole, quadrupole/TOF, and ion
trap/TOF geometries, etc. Tandem mass anayzers contain three main parts. a first
mass analyzer can be used to isolate the ion of interest (precursor ion or parent ion)
and second part can be used as a collision cell to fragment the parent (precursor) ions,
a collision-induced dissociation device (CID) fragmenting the selected parent ions to
form daughter (fragment) ions, and a third part can be used to separate daughter ions
according to mass or energy. So an MS/MS spectrum from which structural

assignments can be drawn is generated.

2.11.1 Time-of-Flight (TOF)

TOF mass spectrometer, theoretically proposed in 1946 (Stephens,
1946), is a simple type of mass anayzer. By the development of MALDI, TOF has
been undergoing a renaissance in the field of biomedica sciences, and being used in
coupling with MALDI to handle the pulse of ions. TOF takes the advantage of singly
charged peptide ions produced by MALDI to relate the flight time with molecular
mass. TOF serves as a kind of velocity analyzer which separates ions based on their
different velocities. A short pulse of ions exiting the source is given the same kinetic

energy to accelerate them towards the detector; hence, it is obvious that ions carrying
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the same charge with different mass will travel through a flight tube at different
velocities; thus, it takes different amount of time to travel the same distance. The
lighter ions travel down a field-free region faster and reach the detector earlier due to
their greater velocity while it takes longer time for heavier ions because of their lower
velocity. In this way, flight times of ions required to move through a field-free region
between the source and the detector are measured, and packets of isomass ions are
quantified. Conversion of time spectrum into a mass spectrum is managed by
calibrating the analyzer through measuring the flight times of ions of known mass. So,
mass spectrum is acquired. In the past, TOF suffered from the limitation of poor
resolution because of the ions Kkinetic energy inhomogeneity, which results in
recording different arrival times for ions of same mass. This kinetic energy (energy of
ion formation) distribution is reduced by use of an energy-correcting device, named as
“reflectron’’. A retarding field created by the reflectron enables larger pathways for
more energetic ions to reach the detector at the same time with less energetic ions of
the same mass (Figure 2.5). There exist aso spatial (location of ion formation) and
tempora (time of ion formation) distributions affecting mass resolution inversely. By
a technique known as “delayed extraction’’, atime delay is set between ion formation
and ion extraction from the source so that spatial and tempora distributions can be
prevented. To obtain more detailed structural information for the characterization of
proteins, further analysis can be accomplished in reflectron mode MALDI-TOF MS
by the production of fragment ions following the ionization, a method called “ post-
source decay’’ (PSD). Applying different voltages, reflectrons can differentiate the
fragment and precursor ions of same velocity based on their different kinetic energies.

In the end, a very useful mass spectrum of fragment ionsis obtained.
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Figure 2.5 A sketch of areflectron time-of-flight mass analyzer (Lane, 2005).

2.11.2 Quadrupoleion-trap

Quadrupole ion-traps are very compact, versatile and robust mass
anayzers, first introduced in the early 1950s (Paul and Steinwedel, 1953). The
working principle is first trapping the ions and then detecting them according to their
m/z ratios. The trap typically consists of three hyperbolic electrodes, aring electrode
and two end-cap electrodes. By applying DC and RF voltages to the electrodes, ions
with awide m/z range can be trapped within the space between the electrodes. So ions
are confined by the RF field and they follow an eight-shaped oscillating tragectory
related to their m/z ratio. Helium gas is introduced inside the trap to remove excess
energy from the ions as the RF potential increases so that ions can remain closer to the
centre of the electrodes. Increasing the DC and RF potentials makes ions of higher
m/z unstabilized so that they are gected from the trap along the axis of the end-caps.
Oscillating frequencies are a function of ion masses; thus, ions with different m/z
leave the trap at different voltages and times. A matchless virtue of an ion-trap is its

ability to store fragment ions for further fragmentation analysis.
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Figure 2.6 A Schematic (cutaway view) of aquadrupoleion trap mass analyser.

(http://www.chm.bris.ac.uk/ms/theory/qit-massspec.html).

2.12 lon detectorsand protein identification

Following to the mass analysis, ions reach the ion detector for the detection of
their mass and abundance. lon current generated by the number of ions striking the
detector is measured and amplified when necessary by electrometer tubes and
vibrating reed electrometers. Electron multiplier tube is a common type of detectors
used in MS. Faraday cup, photomultiplier conversion dynode, multichannel plate,
charge detector are other detector types. There exist two basic routes by which
proteins are identified using MS. These are peptide mass fingerprinting (PMF) by
MALDI-MS and peptide sequence tagging by ESI-MS. PMF is related to the
identification of proteins using data from intact peptide masses. In this approach,

proteins are identified by comparing the list of peptide masses obtained from
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proteolytic digestion of an unknown protein with a calculated list of al expected
peptide masses for each entry in a protein database. If the theoretical peptide masses
are well-correlated with the experimental ones, protein is said to be identified. The
major drawbacks of PMF include its incompatibility with protein mixtures and
relatively pure sample requirement. On the other hand, peptide sequence tagging is
well-suited with analysis of protein mixtures. This technique is based on
fragmentation of peptides which produces a short stretch of amino acids. A partia
amino acid sequence of a peptide is then obtained by the interpretation of the MSMS
spectrum. In both approaches, database searching benefits from agorithms that have

been constructed simultaneously from the beginnings of 1990s.



CHAPTER I11

MATERIALSAND METHODS

3.1 Bacterial strains

Acid tolerance (DASA 01001, 01002, 01005, 01006, 01007, 01011, 01013,
01024, 01050) strains obtained from Department of Agricultural culture collection

and B. japonicum USDA 110 were used in this study.

3.2 Strainsselection

Prior to investigate the gene response in bradyrhizobia strains in low pH
condition, an appropriate rhizobial strain was selected on the basis of growth rate and
plant growth promotion under acidic condition. Acid tolerance, sensitive strains and
B. japonicum USDA 110 were grown in HM media (Cole and Elkan, 1973). For
normal growth analysis, HM medium was adjusted to pH 4.5, 5.0, 5.5, 6.0 and 6.8 by
0.1 M NaOH or 0.1 M HCI. To investigate an adaptive ATR in the bradyrhizobial
strains, exponential phase culture was used as inoculum. Bacterial culture was
centrifuged at 5,000 rpm for 5min at room temperature and resuspended in equal
volume of HM medium. The bacterial cultures were inoculated to final cells
concentration a 102 cell/ml in HM medium. The medium was adjusted to pH 6, 5.5,
5.0 and 4.5 respectively. The flasks were incubated at 28°C on a rotary shaker at 200
rpm. The growth pattern was determined on the basis of optical density measurement

at 600 nm.
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3.3 Plant test

Soybean seeds were surface sterilized in 95% ethanol for 10 sec before adding
3% sodium hypochlorite to immerse the seed completely. After 5 min drain of the
sterilant, seeds were rinsed six times with sterilized water. The sterilized seeds were
put on plate containing wet tissue and kept in the dark place for 1-2 days. Germinated
seeds were grown in leonard jar containing sterilized vermiculite then inoculated with
1 ml of rhizobia culture (10° cell/ml/seed). Nodulation and nitrogen fixation were
tested in Leonard jar containing nitrogen free nutrient and supplement with 20 mM
PIPES (pH 6.8) and 20 mM MES (pH 4.5). Soybean were planted in normal condition
(pH 6.8) and acidic condition (pH 4.5) (Somasegaran and Hoben, 1994). The leonard
jars were put on the shelf light that set up 12 h in light and 12 h in dark. Plants were
harvested after 28 days and data such as ARA activity, nodules number, nodule dry

weight and plant dry weight were recorded.

3.4 Analysisof protein-profile

Sodium dodecyl sulfate (SDS) polyacrylamide gel eectrophoresis (PAGE)
was used to performed protein profile. 1.5 ml of bacterial samples were centrifuged at
12,000 rpm for 10 min and resuspended in 100 ul lysis solution (40 mM Tris-HCI (pH
7.5), 50 mM Dithiothreitol, 2% (w/v) Triton X-100). Cell suspension was heated at
95°C for 10 min prior to electrophoresis. Proteins were separated on 12.5%
polyacrylamide gel containing 0.2% SDS and stained with Coomassie brilliant blue
R-250 as described by Unni and Rao (2001). SDS-PAGE employed a Tris-Glycine

running buffer. Samples were loaded with 100 ug of protein /lane and electrophoresis
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was performed with 15 mA for 30 min and 30 mA until tracking dye reached the

bottom of gel.

3.5 Two-dimensional gel electorphoresis

Approximately 100 ml packed volume of bacteria suspension was
resuspended in Buffer A (0.1 M Tris-HCI, pH 8.8). An equa volume of phenol
(saturated with Buffer A) was added into the bacterial suspension and the mixture was
vortexed for 5 min at room temperature. Centrifugation at 5000xg for 5 min at room
temperature resulted in separated the two phases. The phenol phase was re-extracted
two more times to remove most of the nucleic acids and polysaccharide contaminants.
Five volumes of methanol containing 0.1 M ammonium acetate was added into the
final phenol phase mixed and incubated at -20°C for overnight. The precipitated
protein was collected by centrifugation at 5000xg for 15 in and washed twice with
methanol containing 0.1 M ammonium acetate. To remove the ammonium acetate, the
precipitated protein was further washed with ice-cold absolute ethanol, centrifuged
and the pelleted protein was air dried to remove the traces of ethanol. The dried pellet
was solubilized in IEF buffer (8.0 M urea, 2.0 M thiourea, 4.0% CHAPS, 2.0% Triton
X-100, 50 mM DTT, 0.75% of 5-8 and 0.25% of 3-10 ampholines). The proteins were
dissolved at room temperature with gentle vortexing for 1 h, followed by
ultracentrifugation at 100,000xg forl5 min to remove the insoluble materia. The
protein concentration was determined using the method described by Bradford (1976).
The sample was then immediately diluted to 1 mg/ml for a total volume of 500 pl
using DeStreak rehydration solution (Amersham Biosciences) and incubated for

overnight at 4°C. The sample was focused on 18 cm. pH 3-10 IPG strip (Amersham
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Biosciences) for 90,000 V/h Multiphor™ |1 Electrophoresis System (GE Healthcare).
The strip was removed and incubated for 20 min in SDS equilibration buffer (50 mM
Tris-HCI, pH 8.8; 6 M urea; 4% w/v SDS; 2% v/v glycerol) containing 2% w/v DTT,
then for 20 min in SDS equilibration buffer containing 2.5% w/v iodoacetamide. The
second dimension was analyzed on 12.5% SDS-PAGE (0.15 x 20 x 18 cm). The gels
were visualized by Coomassie brilliant blue staining (Sarma and Emerich, 2006). The
gel was scanned and the image analysis was done using ImageMaster 2D Platinum 7.0

(GE Headlthcare).

3.6 Samplepreparation for LC-MSMS

Selected proteins spots were excised from stained gels and then, washed twice
in MillQ water for 15 min. The washed gel pieces were subjected to two cycles of
dehydration with 50% acetonitrile followed by rehydration with 50 mM ammonium
bicarbonate solution for 15 min per cycle and digested for overnight at 37°C in 20 pl
of sequencing grade trypsin (Sigma-Aldrich) according to the manufacturer’s
instructions (1 pg in 100 pl of 50 mM ammonium bicarbonate). The supernatants
were transferred into a fresh tube and stored at room temperature until required. 30 pl
MilliQ water was added to the gel pieces at room temperature for 1 hour. Following

this, the two supernatants were pooled together (Sarma and Emerich, 2006).

3.7 Protenidentification using LC-ESI M S and database search
Mass spectrometric analyses were conducted by nanoflow-LC-ESI-MS/MS
(Bruker Esquire 3000 plus lon Trap; Bruker Daltonics). Peptides were separated by

chromatography on a 75 um x 15 cm Pep-Map nanocolumn (LC Packings) at a flow



39

rate of 7 I/min using a linear gradient of acetonitrile (5-95% in 60 min) in 0.1%
formic acid. The column effluent was sprayed directly into the ion trap which was set
to scan the m/z range from 400 to 1,500 in positive ion mode, capturing MS and MS2
data automatically. Instrument operation, data acquisition, and anayses were
performed using HyStarTM V2.3 and DataAnalysis V3.1 software. Data captured by
either LC-ESI-MS/MS were matched using the MASCOT version 2.2.03 (Matrix
Science, UK  (http://www.matrixscience.com) against MSDB  database.
Carbamidomethyl (Cys) and oxidation (Met) were considered as variable
modifications and a single missed cleavage was permitted. For LC-MS/MS data,
peptide mass tolerance was set as 3.0 Da and MS/MS ion mass tolerance was set at
1.5 Da. Peptide charge states (+1, +2, +3) were taken into account. Routine protein
identification required sequence-confirmed data for a minimum of one peptides with
recognition as the top ranking match in the Mascot Standard scoring system (Li et a.,

2010).

3.8 Genomic DNA extraction

Prior to isolate the genomic DNA, bradyrhizobia strains were cultured in HM
medium. After cultivation for 5-7 days on rotary shaker for 200 rpm, at 28°C,
bacteria cells were pelleted before resuspened in 0.5 ml TEN buffer (0.1 M NaCl, 10
mM Tris-HCI (pH 8), 1 mM EDTA (pH 8)) and centrifugation at 13,000 rpm for 2
min. Bacterial pellets were resuspended in 200 pl of 20% sucrose in TEN buffer, then
100 pl of 10% SDS was added prior to incubated with 20 pl of 2.0 mg/ml lysozyme
for 30 min a 37°C. Then, 75 pl of 5 M NaCl, was added and the mixtures were

extracted twice with saturated phenol and followed with phenol: chloroform:
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isoamylalcohol (25:24:1). The upper phase was taken. DNA was precipitated with
two volumes of cold 99% ethanol and 50 pl of 3M sodium acetate. DNA pellets were
dried under vacuum before dissolved in TE buffer and treated with 10 mg/ml of

RNaseA at 55°C for 15 min.

3.9 Primer design and PCR amplifications

Primer pairs were designed from 4 protein-coding open reading frames
(bl15845: hypothetical protein, bll1317: peroxiredoxin, blr5625:10 kDa chaperonin
and bsr7532:10 kDa chaperonin). Parameters for primer pairs were set to a primer
length of 18-20 nucleotides, a melting temperature of 55 + 5 °C. Calculation of primer

sequences was based on the Primer3 software (http://frodo.wi.mit.edu/primer3).

Table 3.1 Primer pairs use for acid response gene

gene Fw Rw

bl15845 5-ATGTCCGGTATCGTTCTC-3 5 -CTCCAGCTGCTCCGCTAA-3
bll1317 5-ATGGCGATCCAGACTGGC-3 5 -CTGCTCGGGCAGCTCTGA-3
blr5625 5-ATGAAATTCCGTCCGCTT-3' 5-AAGAAGAAGGCGGCCTAA-3
bsr7532 5-ATGGCTAAATCCAAATTT-3 5-ATGGGCGTGATGGCCTAA-3

To amplify gene specific PCR, each PCR reaction contained 50 ng of DNA
template, 10 pmol of each primer, 2.5 mM of dNTP, 1X PCR buffer and 2.5 U
GOTag® DNA polymeraes (Promega, USA) in total volume of 25 nul. The PCR
reaction condition was used as follows; 95°C for 3 min 1 cycle, 95°C for 30 sec, 55°C

for 1 min, 72°C for 3 min 30 cycles and final 72°C for 7 min 1 cycle.
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3.10 Nucleotide sequences

Generally only one strand of acid response gene fragments were sequenced
with the automated sequencer 3730XL (Macrogen, Korea). Each PCR product was
sequenced in both directions and the sequences were assembled and checked with the
autoassembler 1.4 program (Perkin Elmer) and transferred directly to a sequence
anaysis program, BlastN 2.0.13 were employed. In this study, to search for
homol ogous sequence in the data bank, Gene Bank (www.nchi.nlm.nih.gov /genbank)

was used.



CHAPTER IV

RESULTSAND DISCUSSION

4.1 Growth of bradyrhizobial at various pH conditions

In order to select the appropriate acid tolerant strains of bradyrhizobiathat can
grow and promote plant growth under acid conditions, acid tolerant Bradyrhizobium
sp. strains DASA01001, 01002, 01005, 01006, 01007, 01011, 01013, 01024, and
01050 obtained from DOA culture collection were cultured in medium at optimum
condition (pH 6.8) and at acidic condition (pH 4.5) compared with reference strain of
Bradyrhizobium japonicum USDA110. To compare the growth ability in acid
condition, the growth of each bradyrhizobia strain was calculated in term of specific
growth rate (), which is defined as the increase of cell mass per unit of time. The
specific growth rate of bradyrhizobia was in range of 0.03-0.079 d* and 0.005-0.076
d™* at optimum condition (pH 6.8) and acid condition (pH 4.5), respectively (Fig. 4.1).
These results indicated that the acid condition had adversely affected on cell growth.
This effect was obviously found in Bradyrhizobium sp. DASA01002, 01005 and
01006, since their specific growth rate were clearly reduced under acid condition.
The specific growth rate of B. japonicum USDA110 was also reduced when grow at
acid condition. Interestingly, the specific growth rate of Bradyrhizobium sp.
DASA01001, 01007, 01024 and 01050 were increased when grew at acid condition.
These results indicated that these four strains of bradyrhizobial may have potential to

survive and promote the growth of soybean under acid soil condition. Thus,
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Figure 4.1 Specific growth rates of different bradyrhizobial strains at optimum

condition (pH 6.8) and acid condition (pH 4.5).

4.2 Symbiotic efficiency of selected bradyrhizobial strains

Soybean (Glycine max, Chieng Mai 60) was used in this study. The selected
bradyrhizobia strains DASA01001, 01007, 01024 and 01050 were inoculated into
soybean seed (10° cells/seed) and planted in both acid (pH 4.5) and normal (pH 6.8)
conditions. After 4 weeks of growth under nitrogen-free condition, al the
uninoculated plants (control treatment) were distinctly chlorotic, yellow and stunted,
while inoculated plant showed different level of greenish leaves as well as different
number of nodule forming (Fig 4.2). Gwata et. al. (2003) demonstrated that plant was

classified into one of two categories; vigorous plant with dark green leaves indicating
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Figure 4.2 Soybean inoculated with different bradyrhizobial strains grown in acid (pH 4.5) and normal (pH 6.8) condition.
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effective nodulation and No-fixation (+), and stunted plant with chlorotic yellow
leaves indicating ineffective nodulation and no N-fixation (-).

The effects of inoculation of acid tolerant bradyrhizobia on soybean were
presented in Figure 4.3 and 4.4. The data of nodules number, nodules dry weight, dry

matter production, and nitrogenase activity were collected and statistically analyzed.
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Figure 4.3 Effect of different bradyrhizobial inoculation on symbiotic efficiency with

soybean at pH 6.8.

At pH 6.8 (Fig. 4.3), soybean inoculated with Bradyrhizobium sp.
DASA01007 provided the highest value of total plant dry weight and nodule dry
weight, but these data were not significantly different from soybean inoculated with
other strains including B. japonicum USDA110. Soybean inoculated with
Bradyrhizobium sp. DASA01007 also provided the highest shoot dry weight, which

was significantly different (p>0.5) from soybean inoculated with Bradyrhizobium sp.
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DASA01001 and B. japonicum USDA110. However, soybean inoculated with
Bradyrhizobium sp. DASA01050 provided the highest value of root dry weight and
also performed highest nitrogenase activity, however the data were not significantly
different from soybean inoculated with other strains. On the other hands, soybean
inoculated with B. japonicum USDA110 performed highest number of nodule with
plant, but the data were not significantly different from soybean inoculated with other
strains. From these information revealed that Bradyrhizobium sp. DASA01007 and
01050 had symbiotic efficiency similar to B. japonicum USDA110 when grow at

neutral condition.
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Figure 4.4 Effect of different bradyrhizobial inoculation on symbiotic efficiency with

soybean at pH 4.5.

However, once soybean was grown in acid condition (pH 4.5) (Fig. 4.4),

soybean inoculated with Bradyrhizobium sp. DASA01007 provided highest value of
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nitrogenase activity, nodule dry weight, and nodules number. Even the data were not
significantly different from soybean inoculated with other strains, Bradyr hizobium sp.
DASAQ01007 tended to perform better symbiosis than other strains including B.
japonicum USDAZ110. It could be possible that Bradyrhizobium sp. DASA01007
could tolerate to acid condition or have acid adaptive tolerant response that allow cells
able to survived in acid condition and finally lead to successfully symbiosis with
plant. Thus, Bradyrhizobium sp. DASA01007 was used to verify the growth in acidic

pH under normal and acid adaptive conditions in the next experiments.

43 Growth of bradyrhizobia under normal and adaptive

conditions

To investigate the growth efficiency of bradyrhizobia, Bradyrhizobium sp.
strain DASA01007 and B. japonicum USDA110 were grown in HM medium at
pH 6.8, 6.0, 5.5, 5.0 and 4.5 in both normal (N) and adaptive (A) conditions. The
results showed that Bradyrhizobium sp. DASA01007 and B. japonicum USDA110
performed similar growth in HM medium at pH 5.0, 5.5, 6.0 and 6.8 in both normal
(N) and adaptive (A) conditions (Fig. 4.5 and Fig. 4.6). These two strains grow in HM
medium at pH 5.0-5.5 better than pH 6.8. Many researches have been proposed that
bacteria could develop acid tolerance to more acid condition when log-phase cells
grown at neutral pH were exposed to mild acid conditions for a period of time before
challenging to more acid condition. This response is known as acid adaptive tolerant
response (ATR) (Foster and Hal, 1990; Foster and Hall, 1991; Goodson and
Rowbury, 2008). ATR was also found in severa rhizobia, such as Rhizobium

leguminosarum (O'Hara and Glenn, 1994), Mesorhizobium huakuii LL56,
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Mesorhizobium sp. LL22 (Rickert et al., 2000), Snorhizobium sp. BL3 (Tittabutr
et al., 2006a; Tittabutr et al., 2006b), as well as in Bradyrhizobium sp. (O'Hara and
Glenn, 1994). This phenomenon was also found by Puranamaneewiwat et al., (2006),
the growth of ATR B. japonicum USDA110 at pH 5.5 in HM medium was higher
than those grown at the other pH, including at pH 6.8. This phenomenon did not find
when grew in YEM medium. Calcium, one of HM medium components, might be the
key role for promoting cell growth in acid condition. Maccio et a., (2002) found that
the growth of peanut Bradyrhizobium sp. had better growing in calcium-added
medium at acid condition. Increasing concentration of calcium significantly improved
the rhizobia growth under acid condition stress. This result demonstrated the
important role of calcium for Bradyrhizobium sp. growth and viability under acid
stress. It would indicate that there is a strong dependence between calcium and the
capacity of the rhizobia grow at low pH. The role of calcium has been suggested in
maintaining cell envelop stability, specifically in the LPS structure and the expression
of outer membrane protein (Ballen et al., 1998).

However, Bradyrhizobium sp. DASA01007 and B. japonicum USDA110
could not grow in HM medium at pH 4.5 when grew in normal condition (Fig. 4.5).
Interestingly, Bradyrhizobium sp. DASA01007 could adapt itself to grow at pH 4.5
when ATR was applied, while B. japonicum USDA110 could not grow in pH 4.5

even grown in adaptive condition (Fig. 4.6).
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Figure 4.5 Growth of Bradyrhizobium sp. DASA01007 and B. japonicum USDA110

growing in HM medium at normal condition.
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Figure 4.6 Growth of Bradyrhizobium sp. DASA01007 and B. japonicum USDA110

growing in HM medium at adaptive condition.
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Aswell as, the result of specific growth rate determined from these two strains
a pH 4.5 were clearly shown that Bradyrhizobium sp. DASA01007 had ability to
grow in extreme acid condition when cells were grown under adaptive condition (Fig.
4.7). However, the specific growth rate of Bradyrhizobium sp. DASA01007 and B.
japonicum USDA110 were similar when grown at mild acid condition (pH 5.5 and
6.0) under both normal and adaptive conditions. Although B. japonicum USDA110
also showed acid adaptive response at pH 5.0 due to its specific growth rate of cell
grew under adaptive condition was higher than those in normal condition. This
adaptive response of B. japonicum USDA110 was not found at pH 4.5, while found in
Bradyrhizobium sp. DASA01007 (Fig. 4.7). These results indicated that
Bradyrhizobium sp. DASA01007 have better induction of acid adaptive tolerant

responses which may be one of mechanisms that alow bradyrhizobial cell grow under

extreme acid condition.
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4.4  Proten profileanalysisusing SDS-PAGE

Since Bradyrhizobium sp. DASA 01007 showed acid tolerant and acid adaptive
tolerant response, it is interesting to investigate whether the same group of proteins
was involved in these responses. SDS-PAGE technique was used to preliminary
observe the profiles of protein extracted from cells grown at different pH under
normal or adaptive conditions. For adaptive response, cell grown at pH 4.5 and 5.5
were used to analyze while the cells in normal conditions were grown at pH 4.5 and
6.8. Total cellular proteins of acid tolerance strain were subjected to SDS-PAGE. The

result showed that different protein patterns were expressed differently in each growth

conditions (Fig. 4.8).
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Based on high protein expression level and the presence of extra protein
bands, 12 bands (A-L) were preliminary selected for further anaysis by LC/MS-MS.
The result of top hit protein identification was summarized in Table 4.1. The
identified proteins were classified into 4 categories based on Clusters of Orthologous
Groups of proteins (COGs) (http://genome.kazusa.or.jp/rhizobase), (i) cellular
processes, (ii) conserved hypothetical protein, (iii) transport and binding proteins, and
(iv) trandation. The best matched protein identified from band A, C and J was GroEL
protein, which is a chaperonin 60 heat-shock protein. This protein is expressed when
the cell encountering to stress conditions, such as heat or salt stress (Kilstrup et al.,
1997). Thiskind of stress protein was generally involved in the maturation of newly
synthesized proteins, and assists in the refolding or degradation of denaturated
proteins (Georgopoulos and Welch, 1993; Hartl, 1996). This protein may be important
during stress due to rescuing the stress-denatured proteins (Kilstrup et al., 1997). This
might be the reason why this protein presented in al growth conditions even grew at
pH 6.8. More detail of this protein was discussed in the next section. Interestingly,
band B, a hypothetical protein (bl15843) was highly expressed when cells were grown
a pH 4.5 under adaptive condition, while the intensity of band tends to be reduced
when grown at higher pH under normal condition or at pH 6.8. Moreover, the
transport and binding proteins including ABC transporter substrate-binding protein
(band D), ABC transporter sugar-binding protein (band E), ABC transporter amino
acid-binding protein (band F), and ABC transporter molybdenum-binding protein
(band G) could be detected with high intensity of band at pH 4.5 under normal
condition. The ABC transporter proteins were involved in transport and binding

proteins. Most ABC transporter proteins were up-regulated in cellular extract. This
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result was similar to ABC transporter sugar binding protein was up-regulated in
S norhizobium medicae as shown by transcriptional and proteomic analyses (Reeve et
a., 2002; Tiwari et al., 2004). The ABC transporters constitute a superfamily of
diverse membrane proteins which utilize the energy derived from ATP hydrolysis to
fuel the transport of substrate; such as monosaccharide, amino acid, and ion, across
the cell membrane. Moreover, the proteins involved in translation process including
the 50S ribosomal protein L5 (band H), Ribosoma protein S1 (band K) and
Elongation factor Tu (band L) were also detected. The 50S ribosomal protein L5 has
been detected in acid tolerant Bacillus cereus, however this protein was deficient in
the acid-sensitive mutant of this strain (Browne and Dowds, 2002). Thus, it is possible
that this protein may also be required for acid tolerant response. On the other hands,
ribosomal protein S1 has been reported to be induced when exposed to cadmium
stress.  Interestingly, the ribosomal protein S1 was proportionally induced as the
amount of cadmium in the medium, suggesting that S1 may be required for the repair
of cadmium-mediated cellular damage (Mohamed Fahmy Gad El-Rab et al., 2006).

This protein may play similar mechanism to acid stress cellular damage.
Finally, the elongation factor Tu (EF-Tu) is the protein involved in binding and
transporting the appropriate codon-specified aminoacyl-tRNA to aminoacyl site of the
ribosome. However, it has been reported that the EF-Tu of Escherichia coli has
chaperone-like function that interact with denatured proteins for protein renaturation
after stress (Caldas et a., 1998), suggesting that EF-Tu might has a role in cell
protection in stress condition. Although the ribosomal protein S1 and EF-Tu may play
an important role for protecting cell damage during stress condition, these two

proteins found to be expressed highly at pH 6.8 and dlightly expressed in acid
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condition in (Fig. 4.8, band K and L). It could be possible that the growth of cellsis
slow under stress condition, less protein is required, thus the protein for trandation
process would be decreased under stress condition. Even the different profiles of
protein expression were detected in this experiment, the expression level of these
proteins could not be exactly determined from 1D SDS-PAGE, since one protein band
usually contain several types of protein that have similar molecular weight.
Therefore, the expression levels of interested proteins were examined by using 2D gel
to ensure the expression of proteins that would be involved in acid tolerant or acid

adaptive tolerant mechanism of Bradyrhizobium sp. DASA01007.



Table 4.1 Proteinsinvolved in acid tolerance identified from SDS-PAGE of Bradyrhizobium sp. DASA 01007.
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Band Top hit prote Gene L ocus o . Functional Protein Queries
an op hit protein names  Name<® rganism category® Scor e Match®
. Bradyrhizobium Cellular
A 60 kDa chaperonin 6 groEL blr5626 japonicum USDA 110 proc 746 15
B hypothetical protein i blisggz  Bradyrhizobium Pt 344 11
P P japonicum USDA 110 ypot
protein
. Bradyrhizobium Cellular
C 60 kDachaperonin 6 groEL blr5626 japonicum USDA 110 proc 977 18
ABC transporter substrate- i Bradyrhizobium Transport and
D binding protein bir5675 japonicum USDA 110 binding proteins 212 3
ABC transporter sugar- Bradyrhizobium Transport and
E binding protein bir3208 japonicum USDA 110 binding proteins 507 16
ABC transporter amino i Bradyrhizobium Transport and
F acid-binding protein blr444G japonicum USDA 110 binding proteins 365 6
ABC transporter W
G  molybdenum-binding modA blr8160 Bradyrhlzobmm T_ran_sport anq 263 4
: japonicum USDA 110 binding proteins
protein
. : Bradyrhizobium .
H  50Sribosomal proteinL5 rplE bl15388 japonicum USDA 110 Trandlation 231 7
. . Bradyrhizobium Conservgd
I hypothetical protein - blr0521 hypothetical 242 7

japonicum USDA 110

protein




Table 4.1 (continued).
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Band Top hit protein Gene Locusb Organism Functionzzll Proteigl Queriees
names® Names category Scor € M atch
J 60 kDachaperonin 6 QroEL  bIr5626 ?ﬁﬂl‘j f:g'gg 110 ;f')'C‘g% 623 13
K  Ribosomal protein S1 .~ SKAB8 10470 %:g%gomonas - Trandlation 150 4
L Elongationfactor Tu  tuf bl15402 Fachjig zobidig Transation 366 7

japonicum USDA 110

4Genes name obtain from rhizobase (http://genome.kazusa.or.jp/rhizobase/Bradyrhizobium).
Pl_ocus name obtain from rhizobase (http://genome.kazusa.or.jp/rhizobase/Bradyrhizobium).

“Functional category obtain from rhizobase (http://genome.kazusa.or.j p/rhizobase/Bradyrhizobium).
9Protein score from Mascot search (http://www.matrixscience.com)

®Queries matce from mascot search (http://www.matrixscience.com)
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45 Two-dimensional gel analysis and identification of proteinsin
Bradyrhizobium sp. DASA01007 growing under normal and

adaptive conditionsin response to acidic pH

To identify proteins involving in acid tolerant or acid adaptive tolerant
response of Bradyrhizobium sp. DASA01007, 2-D gel electrophoresis was carried
out. Total protein extracted from Bradyrhizobium sp. DASA01007 cells grown in
different conditions were separated by 2-D PAGE using IPG strips (non-linear
gradient between pH 3 to 10). Based on image analysis of protein spot on 2-D PAGE
by using Image Master 2D Platinum 7.0 program (GE hedlthcare), there were 651,
475, 638 and 745 protein spots could be detected from bacterial cell grown at pH 6.8,
pH 5.5A, pH 4.5A and pH 4.5N, respectively. The intensity of interested protein spot
was analyzed by comparison with intensity of protein presented in cell grown at pH
6.8. The different intensities of protein spot demonstrated up and down regulated of
those specified proteins. Based on the protein profile presented in pH 6.8 condition,
14, 6, and 3 spots of protein which obviously up-regulated were selected from protein
profile of cell grown at pH 4.5A, pH 4.5N and pH 5.5A, respectively (Fig. 4.9, 4.10,
4.11). While other 6 protein spots which highly expressed in cells grown at pH 6.8 but
down-regulated in cell grown at acid condition, were aso selected (Fig. 4.12). These
30 spot of proteins were further analyzed by LC-MS/MS in order to identify the
protein by comparison with B. japonicum USDA110 database. The peptide mass
fingerprinting (PMF) searches were performed with the MSDB databases through the
Mascot server. Only proteins identified with at least two peptide hits in duplicate
analyses were accepted. The results of identified proteins were summarized in Table

4.2.
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Figure 4.9 Protein spots from Bradyrhizobium DASA01007 growing at pH 4.5A.
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Figure 4.10 Protein spots from Bradyr hizobium DASA01007 growing a pH 4.5N.

59



30

25

20

15

10

Figure 4.11 Protein spots from Bradyrhizobium DASA01007 growing a pH 5.5A.
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Figure 4.12 Protein spots from Bradyr hizobium DASA01007 growing at pH 6.8.
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Table 4.2 Proteinsinvolved in acid tolerance identified from 2D-PAGE of Bradyrhizobium sp. DASA01007.
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WO Toipoen S L5 ogmew Mo el W ww o Pedded o0 o
1 hypothetical protein - bl15843 Bradyrhizobium Conserved 7 314 75,633 4.87 Outer 193 / 7/
japonicum USDA 110 hypothetical Membrane (pH4.5A)
protein
2 hypothetical protein - bl15843 Bradyrhizobium Conserved 10 349 51,090 4.97 Extra 298 / /
japonicum USDA 110 hypothetical cellular (pH4.5A)
protein
3 hypothetical protein - bl15845 Bradyrhizobium Conserved 18 260 51,090 4.97 Extra 4563 /  /
japonicum USDA 110 hypothetical cellular (pH4.5A)
protein
4 ATPsynthase subunit atpD  bll0440 Bradyrhizobium Energy 20 712 50,987 5.13 Cytoplasmic 208 / /
beta japonicum USDA 110 metabolism membrane  (pH4.5A)
5 hypothetical protein - bl15843 Bradyrhizobium Conserved 15 330 51,090 4.97 Extra 106 / /
japonicum USDA 110 hypothetical cellular (pH4.5A)
protein
6 60kDachaperonin6 groEL blr5626 Bradyrhizobium Cellular 66 1764 57716 5.45 Cytoplasmic 157 / /
japonicum USDA 110 processes (pH4.5A)
7 Two-component tcsR  birl194 Bradyrhizobium Regulatory 5 310 23989 5.07 Cytoplasmic 119 / /
response regul ator japonicum USDA 110 functions (pH4.5A)
8 Oxido - blr2928 Bradyrhizobium Other categories 7 357 31,520 6.92 Unknown 109 / 7/
reductase japonicum USDA 110 (pH4.5A)
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Table 4.2 (Continued).
W Tomiposn S LOF ogmes e e Mmoo e 0o
9 30Sribosomal protein rpsk  bll4079 Bradyrhizobium Trandation 11 257 18,616 5.46 Cytoplasmic 1469 / /
S6 japonicum USDA 110 (pH4.5A)
10 Ribosomal protein - Rhodopseudomonas Trandation 14 310 12,694 5.02 Periplasmic 471/ /
L7/L12 palustris BisA53 (pH4.5A)
11 Peroxi redoxin - bl11317 Bradyrhizobium Other categories 28 626 17,414 6.11 Unknown 498 / /
japonicum USDA110 (pH4.5A)
12 Nucleoside ndk  blr4119 Bradyrhizobium Inter conversions 11 277 15050 6.75 Cytoplasmic 361 / /
diphosphate kinase japonicum USDA 110 and salvage of (pH4.5A)
nucleosides and
nucleotides
13 hypothetical protein - bl12431 Bradyrhizobium Conserved 7 216 16,778 7.85 Unknown 284 / /
japonicum USDA 110 hypothetical (pH4.5A)
protein
14 10kDachaperonin  groES Dblr5625 Bradyrhizobium Cellular 19 229 11,170 7.93 Cytoplasmic 2003 / /
japonicum USDA 110 processes (pH4.5A)
15 Elongation factor Tu  tuf bl15402 Bradyrhizobium Trandation 27 907 43569 5.78 Cytoplasmic 192 / /
japonicum USDA 110 (pH4.5N)
16 hypothetical protein - blr0205 Bradyrhizobium Conserved 31 898 34,868 6.30 Periplasmic 191 / 7/
japonicum USDA 110 hypothetical (pH4.5N)

protein




Table 4.2 (Continued).

17 ABC transporter - blr3208 Bradyrhizobium Transport and 27 666 38,378 7.63 Periplasmic 151 / 7/
sugar-binding protein japonicum USDA 110 binding proteins (pH4.5N)
18 ABC transporter - blr4446 Bradyrhizobium Transport and 28 903 36,860 6.21 Periplasmic 252 / /
amino acid-binding japonicum USDA 110 binding proteins (pH4.5N)
protein
19 ABC transporter - blr3200 Bradyrhizobium Transport and 22 492 33968 7.66 Periplasmic 563 / /
sugar-binding protein japonicum USDA 110 binding proteins (pH4.5N)
20 ABC transporter - blr5675 Bradyrhizobium Transport and 11 384 40,020 8.95 Periplasmic 15 /7 -
substrate-binding japonicum USDA 110 binding proteins (pH4.5N)
protein
21 hypothetical protein - bl16649 Bradyrhizobium Conserved 13 223 18,033 6.74 Unknown 6.47 -/
japonicum USDA 110 hypothetical (pH5.5A)
protein
22 10kDachaperonin  groES bsr7532 Bradyrhizobium Cellular 21 360 10,708 6.59 Cytoplasmic 944 / /
japonicum USDA 110 processes (pH5.5A)
23 10kDachaperonin1 groESL blr5226 Bradyrhizobium Cellular 6 81 11,130 6.10 Cytoplasmic  2.43 -/
japonicum USDA 110 processes (pH5.5A)
24 Peptidoglycan- - ZMO 1354 Zymomonas mobilis - 2 76 27,353 6.92 Outer -6.02 / /

associated protein Membrane (pH4.5A)




Table 4.2 (Continued).
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25 unknown protein - - Zymomonas mobilis - 14 562 68,508 4.81 Cytoplasmic -308 / /
subsp. mobilis ZM4 (pH4.5N)

26 Ribosomal protein - - Sphingomonas sp. - 7 245 61,616 5.01 Cytoplasmic -292 / /
Sl SKAS58 (pH4.5N)

27 Chaperonin GroEL ~ groEL - Sphingopyxis Cellular 27 617 57,917 5.07 Cytoplasmic -212 / /
alaskensis RB2256 processes (pH5.5A)

28 Trandation - - Fohingopyxis Trandation 20 504 43,040 5.11 Cytoplasmic -312 / /
elongation factor Tu alaskensis RB2256 (pH4.5A)

29 Hypothetical protein - - Prochlorococcus - 4 54 17,200 9.12 Unknown 442/ /
marinus subsp. pastoris (pH4.5N)

4Genes Mascot code obtain from rhizobase (http://genome.kazusa.or.jp/rhizobase/Bradyrhizobium).

®L ocus name obtain from rhizobase (http://genome.kazusa.or.j p/rhi zobase/Bradyrhizobium).

“Functional category obtain from rhizobase (http://genome.kazusa.or.j p/rhizobase/Bradyrhizobium).

9peptide match from Mascot search (http://www.matrixscience.com).

®Mascot score obtain from Mascot search (http://www.matrixscience.com).

'MW obtain from search (http://www.matrixscience.com).

9PI value obtain from mascot search (http://www.matrixscience.com).

"Predicted |ocalization obtained from PSORTb version 3.0.0 (http://www.psort.org/psortby/).
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The 29 identified proteins were grouped into 8 categories based on COGs and
one group of unknown categories: (i) Cellular processes, consisted of 6 proteins
including 60 kDa chaperonin 6 (spot no.6), two proteins of 10 kDa chaperonin (spot
no.14 and 22), 10 kDa chaperonin 1 (spot no.23), and chaperonin GroEL (spot no.27)
(if) Conserved hypothetical protein, consisted of 7 hypothetical proteins (spot no.1, 2,
3, 5, 13, 16 and 29); (iii) Transport and binding proteins, consisted of 4 proteins
including two proteins of ABC transporter sugar-binding proteins (spot no.17 and 19),
ABC transporter amino acid-binding protein (spot no.18), and ABC transporter
substrate-binding protein (spot no.20); (iv) Trandlation, consisted of 4 proteins
including 30S ribosomal protein S6 (spot no.9), Ribosomal protein L7/L12 (spot
no.10), two protein of elongation factor Tu (spot no.15 and 28); (v) Energy
metabolism, ATP synthase subunit beta (spot no.4); (vi) Regulatory functions, two-
component response regulator (spot no.7); (vii) inter conversions and salvage of
nucleosides and nucleotides, nucleoside diphosphate kinase (spot no.12); (viii) other
categories, consisted of 2 proteins including oxidoreductase (spot no.8), and
peroxiredoxin (spot no.11); and one group of unknown categories, consisted of 4
proteins including peptidoglycan-associated protein (spot no.24), ribosomal protein
S1 (spot no.26), unknown protein (spot no.25), and hypothetical protein (spot no.29).
More details of protein characteristic were discussed below according to their
response to acid pH under normal and adaptive growth conditions.

The protein profile derived from cells grown at pH 4.5 under adaptive growth
condition (pH 4.5A) revealed six major spots were up-regulated. The hypothetical
protein (spot no. 3) was 45.63-fold up-regulated in this condition when compared with

growth at pH 6.8. This protein was also up-regulated in cells grown at pH 4.5N. The
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result indicated that this protein would play an important role in acid tolerant in
Bradyrhizobium sp. DASA01007. However, the function of this protein would
necessary be further identified. The second major spot was the 10 kDa chaperonin
(spot no.14), which was 20.03-fold up-regulated in pH 4.5A condition. The
chaperonin molecules are required for correct folding and assembly of some protein
during normal cell growth. These protein were aso induced by severa stress
conditions for stabilization and protection the disassembled polypeptides under stress
conditions (Schmidt et a., 1992). The 10 kDa chaperonin or GroES protein exists as
a ring-shaped oligomer with 6-8 identical subunits, which interact with chaperonin 60
kDa or GroEL as a co-chaperonin to assist the function of chaperonin in active state
(Lund, 2009). Chaperonin 60 kDa or GroEL (spot no.6) was aso up-regulated in
cells grown at acid pH under both normal and adaptive conditions.

This result indicated that GroEL and GroES probably play an important role
during growth under acid condition. GroEL has been extensively studied in great
detail. It interacts with a wide range of unfolded proteins. BLAST searches of their
complete genomes, together with cloning and genetic analysis described many
bacteria contain several copies of cpn60 gene, with the highest record currently held
by B. japonicum USDA110 at seven copies (Lund, 2009). Interesting, GroEL protein
is involved in nif gene regulation in B. japonicum (Rodrigues et al., 2006). The
simplest model was proposed that one or more of chaperonin proteins assembled with
one or more of nitrogenase component and assists the proper folding of nitrogenase
protein complex, and finaly link to nodulation and nitrogen fixation efficiency of
bacteria (Lund, 2009). This model could aso be linked to previous plant experiment

inoculated with Bradyrhizobium sp. DASA01007. The nitrogen fixation efficiency of
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this strain tended to be higher than other strains when soybean was grown under acid
condition, it may be due to up-regulation of chaperonin in this strain, which resulting
in assist the proper protein folding of nitrogenase component. However, this model
need to be clarified since the specificity between chaperonin and nitrogenase protein
may affect the protein folding and its function (Fischer et a., 1999). The third major
protein spot found to be up-regulated at pH 4.5A was 30s ribosomal protein S6 (spot
no. 9), which was 14.69-fold up-regulated at pH 4.5A. The 30s ribosomal protein S6
was incorporated with S18 to 16S ribosomal RNA during translation process (Wilson
and Nierhaus, 2005). However, 30S ribosomal protein S6 has been identified as a
cold shock protein in E. coli and B. subtilis, suggesting that 30S ribosomal protein S6
may play a unigue role in sensing temperature differences to control ribosome
function (Otani et al., 2001). It is possible that the up-regulation of this protein in
Bradyrhizobium sp. DASA01007 may also play arole in sensing pH differences and
control some protein synthesize under acid stress condition.

The fifth major protein spot was peroxiredoxin (spot no. 11), which was 4.98-
fold up-regulated at pH 4.5A. Peroxiredoxins are antioxidant enzymes that control
cytokine-induced peroxide levels which mediate signal transduction in mammalian
cells (Wood et a., 2003). However, peroxiredoxin has been reported to be strongly
induced during symbiosis with common bean and involved in the defence of R. etli
bacteroids against oxidative or hydrogen peroxide stress (Dombrecht et al., 2005).
Therefore, it is interesting that this protein was up-regulated in free living of
Bradyrhizobium sp. DASA01007. It could be possible that peroxiredoxin may have
other roles in protecting cell against acid stress condition, however the mechanism is

unclear. The last mgjor protein that highly expressed in pH 4.5A was ribosomal
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protein L7/L12 (spot no.10), which showed 4.71-folds up-regulated in this condition.
The ribosomal protein L7/L12 forms a functionally important domain in the ribosome.
This domain is involved in interaction with trandation factors during protein
biosynthesis (Gudkov, 1997). However, there was no clearly evidence showing that
this protein isinvolved in stress tolerance.

On the other hands, the up-regulated proteins in cells grown at pH 4.5N were
different from the protein up-regulated in pH 4.5A. Protein involved in transport and
binding protein including ABC transporter sugar-binding protein, ABC transporter
amino acid-binding protein, and ABC transporter substrate-binding protein were up-
regulated. This group of protein may play an important role in exchange and
accumulate the nutrient or compatible solute that necessary for cell surviva under
stress condition. The elongation factor Tu (EF-Tu) was also up-regulated in pH 4.5N.
The EF-Tu is the protein involved in binding and transporting codon-specified
aminoacyl-tRNA to aminoacyl site of the ribosome. This protein also has chaperone-
like function that interacts with denatured proteins for protein renaturation after stress.
More information of this protein has been described in 1D-PAGE experiment.
Nevertheless, some proteins were down-regulated when grown at acid condition.
These proteins were peptidoglycan-associated protein, ribosoma protein Sl,
chaperonin GroEL, elongation factor Tu, hypothetical protein, and unknown protein.
However, it should be notified that these down-regulated proteins were matched with
protein presented in other bacteria, not in Bradyrhizobium. This result may be
implied that all up-regulated proteins detected in this research would be involved in
acid tolerant or acid adaptive tolerant response. However, the acid tolerant function

of these proteins needs to be verified through molecular approached in further
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experiment. Protein localization of this protein was predicted by PSORTb version
3.0.0 (http://www.psort.org/psortb/), and the result showed that this protein might be
local proteins.

Protein produced from pH 4.5A consist of proteins in cellular processes (60
kDA chaperonin 6 and 10 kDa chaperonin), conserved hypothetical protein,
trandation (30 ribosomal protein S6), energy metabolism (ATP synthaes subunit
beta), regulatory functions (Two-component response regulator (tcsR)), and
interconversions and salvage of nucleosides and nucleotides (Nucleoside diphosphate
kinase (ndk)) group were up regulated. Transport and binding proteins were absence
in pH 4.5A condition. In pH 45N were found up-regulated proteins such as
hypothetical protein, transport and biding proteis (ABC transporter sugar-binding
protein, ABC transporter amino acid-binding protein), and trandation protein
(elongation factor Tu). As for pH 5.5A were found protein up-related in cellular
processes (10 kDa chaperonin and 10 kDa chaperoninl). Finally, in normal condition
(pH6.8) up-regulated proteins were found such as cellular processes (60 kDa
chapoeronin 1, 60 kDa chaperonin 6), translation protein (EF-Tu).

However, most study about genes involving the acid stress response in
rhizobia have been conducted with Snorhizobium medicae (former S meliloti
WSM419). By using a transposon mutagenesis system, a functionally diverse set of
pH responsive and acid tolerance related genes could be identified. Gene products
required for acid tolerance in Smediceae are for example ActP and an apolipoprotein
acyltransferase. A gene coding for a regulatory protein known to be required for the
acid tolerance in S mediceae is actR. The encoded response regulatory ActR is

activated by its corresponding sensor histidine kinase ActS, whose loss also lead to
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susitivity to low pH. This somewhat similar to our finding that two component
response regulator (tcsR) function regulation was found. In addition, the
transcriptomic response of S meliloti 1021 following a shift to acidic pH was
conducted recently (Hellweg et al., 2009). The result reviewed that strong permanent
up-regulation protein such as signal peptide for secretion, protease, lyzozyme and two
component system as well as IpiA which is necessary for the lipid lydl-
phosphatidylglycerol formation in R. tropici in low pH medium. This point was a
modification of the exterior cell wall by a change of the lipid-structure. Another early
induction was observed for exoV and exoH coding for proteins of the
exopolysaccharide | (EPSI) biosynthesis but could not be found in Bradyrhizobium
sp. DASA01007. For the intermediated permanent up-regulation proteins of S
meliloti 1021 in acid condition were again produced from exo and katC genes. The
gene katC was annotated as catalase. The induction of a catalase in response in low
pH seems reasonable to decompose hydrogen peroxide, since alowered pH favors the
generation of radicals by the Fenton reaction. This is also similar to our result which
showed up-regulation of peroxiredoxins in acid condition. Peroxiredoxins also known
as thiol-specific antioxidants which detoxifies hydrogen peroxide, akyl
hydroperoxides, and peroxynitrite was a major protein in Bradyrhizobium (Sarma and

Emerich, 2006).

4.6 Acid response genesisolation
To verify the function of up-regulated proteins of Bradyrhizobium sp.
DASAO01007 in response to acid condition, 4 protein spots (Hypothetical protein,

bl15845, spot no.3; Peroxiredoxin, bll1317, spot no.11; 10 kDa chaperonin, blr5625,
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spot no.14; and 10 kDa chaperonin, bsr7532, spot no.22) that highly be expressed
when grown under adaptive to acid condition were selected for gene isoation (Fig.
4.13). Genes encoding these four proteins were isolated from genomic DNA of
Bradyrhizobium sp. DASA01007 by PCR technique. The primer pairs and PCR
condition were optimized to obtain the whole open reading frame of interested genes,

and the expected size of PCR products were obtained (Fig. 4.14).

pH3 p 10

130 ~ blI5845 Hypothetical protein

30 -

25
20

ﬁsr?SSZ 10kD Chaperonin . .

15 ¥ . -

]
blr5625 10kD Chaperonin *
"

Figure 4.13 Protein spots selected from Bradyr hizobium sp. DASA 01007.
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Figure 4.14 PCR products from selected genes of Bradyrhizobium sp. DASA 01007.

The derived PCR products were sequenced and aligned with the sequence of
genes of interest from B. japoncum USDA110 to ensure the accuracy of isolated
genes. Figure 4.15-4.18 showed the nucleotide and their deduced amino acid
alignments of isolated genes with gene and proteins from B. japonicum USDA110.
The derived PCR product of hypothetical protein (spot no.3) showed 92% and 60%
identity with gene locus bll5845 and its amino acid sequence of B. japonicum
USDA110. The low identity of DNA and amino acid sequence may due to
incomplete sequencing of PCR product which needed to be verified by primer

walking. However, the peptides sequence derived from 2D-PAGE were presented in
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the deduced amino acid of isolated gene, which ensure that the correct gene was
isolated. On the other hands, the derived PCR product of peroxiredoxin (spot no.11),
10 kDa chaperonin (spot no.14) and 10 kDa chaperonin (spot no.22) showed 96, 93,
and 98% identity at nucleotide level with gene locus bll1317, blr5625, and bsr7532,
respectively of B. japonicum USDA110. While the deduced amino acid from these
genes showed 95, 94, and 96% identity at amino acid sequence, respectively with
proteins in B. japonicum USDA110. The high identity of nucleotide and amino acid
sequences between isolated gene and gene from B. japonicum USDA110 ensure the

accuracy of isolated gene to be used in further experiment.
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(A) DNA alignment of bl15845 open reading frame

|dentities = 405/437 (92%)

atgtccggtatcgttctctcctcgt cggttcgt cagaacct get ct ccct ccagt ccace 104
(R R A R R R R N AR AR RN

6416220 atgtccggtatcgttctctcttcctcggttcgtcagaaccttctttctctccagtccacc 6416161

105

cttctcgccaccacacagaaccgt ct gt cgaccggcaagagcgt caact cggecc 164
|||||||| CEVEEEEEEer eeee teer e e e e e e e e e e e e e
6416160 g cctcctcgeccaccacgcagagecgt ct gt cgaccggcaagagcegt caact cggec 6416101
165 aacttcttcaccgcccagt cget cgacaaccgcgccagcgacatc 224
FECEEREEEEEE e e e e e e e e e e e e e e e e e e e e e e e
6416100 ctggacaatcccaccaacttcttcaccgcccagtcgctcgacaaccgcgccagcgacatc 6416041
225 aacaat ct gct cgacggcat cgccaacggcgt gcaggt gct gcaggccgccaacaccggce 284
FECEEE PEEEEEEr e e e e e e e e e e e e e e e e e e e e e e
6416040 aacaatttgctcgacggcat cgccaacggcgt gcaggt gct gcaggccgeccaacaccgge 6415981

285 ct gcagaagct gat cgacagcgccaagt cgat cgccaaccaggegcet gcag 344
|||||||||||||||||||||||||||||||| FEEEEEEEErErerererererereeet

6415980 cagaagct gat cgacagcgcgaagt cgat cgccaaccaggcgct gcag 6415921

345

accaccgt cggct act ccaccaagt ccaacgt ct ccaccacgatt gct ggt gcgacgget 404

6415920 accacggt cggct act ccaccaagt ccaacgt ct ccaccaccat ct cgggt gcgaccgec 6415861

405

t cggacct gcgt ggcacgaccagt t t caccagcgcggat gcget gagcaacgt get ct at 464
Frr teeer Feererer te v prrrrrrd [11 FEEEEEEEE 111l

6415860 gct gat ct gcgcggcacgacgagcet t cgccagcgcgaccgcgagcagcaacgt ggt gt at 6415801

465

ggccggegg 481
|||||||||||||||||

6415800 agcggcgcggeccggcgyg 6415784
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(B) Protein alignment of bll5845 open reading frame
Identities = 193/317 (60%), Positives = 213/317 (67%), Gaps = 15/317 (4%)

01007:

M5G VLSSSVRONLLSL QSTADLLATTONRL STGKSVNSAL DNPTNFFTAQSLDNRASDI 224
MBA VLSSSVRONLLSLQSTADLLATTQ+RLSTGKSVNSAL DNPTNFFTAQSL DNRASDI
MBGA VLSSSVRONLLSLQSTADLLATTQSRL STGKSVNSAL DNPTNFFTAQSLDNRASDI 60

NNLLDGE ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI AGATA 404
NNLLDAE ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI +GATA
NNLLDGE ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI SGATA 120

SDLRGTTSFTSADAL SNVL Y XXXXXXXXXXXXXXXXXVQGTNTGT VI NA- - - - - ATTGA 569
+DLRGITSF SA A SNV+Y G T A A TGA
ADLRGTTSFASATASSNVVYSGAAGGT TAASGT TTLGASI GSFASTGATAGDGTTALTGA 180

SLL- - - NG TXXXXXXXXXXXXXDTL TVNGKT I XXXXXXXXXXXXXXXXXXXXXE TTGN 737
L NG T DTLTVNGKTI +GN
| TLI ATNGTTATGLAGNAQPADGDTLTVNGKTI TFRSGAAPASTAVPSGSG- - - - - VSGN 235

VFTDNSTGNVTVYLGSGTKAAVGDVLTAI DLASGVQ- - - - SNVAGTLTVNSGQTI SSVS- 902
+ TD + GNTVYL S T V D+L+Al DLASGV+ S+ AT+ V++ Q ++VS
LVTDGN- GNTTVYLASAT- - - VNDLLSAI DLASGVKTVSI SSGAATI AVSASQPGAAVST 291

- GGGALVLKSTYGSDLS 950
GA+ LKS+ G+DLS
AAAGAVTLKSSTGADLS 308

75

Figure 4.15 Alignment of DNA (A) and protein (B) of bl15845 open reading frame

B. japonicum USDA110 and from Bradyrhizobium sp. DASA01007.

The identified peptides from 2D-PAGE were highlighted in bold and

underline.
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(A) DNA alignment of bll11317 open reading frame
Identities = 441/459 (96%)

01007: 48 gcct gacacct cgacctt gccgggcat cgettcgaggttcagettcttgaccacgecgtc 107

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII FEEEEErreeeeeeeer teereerer
U110 : 1429738 g acacct cgacctt gccgggcat cgect cgaggtt cagcttcttcaccacgeccgtc 1429797

gcgctt ggagcggat gccgaggcecat t gccggaggcegt ccag 167
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII FEEFEEEreeeer
U110 : 1429798 c gaat agcgct t ggagcggat gccgaggccgt t ggcggaggegt cgag 1429857

01007: 108

01007: 168 ct ccat gccgat cgcctt ggcgaagt cggcat t gccgt cggcgaggaagat ggecct cgtc 227

IIIIIIIIIIIIIIIIIIII CEEEreeeeerreeeereeeeeeerer ©rerrre
U110 : 1429858 ctccatgccgat cgcctt ggt gaagt cggcatt gccgt cggcgaggaat acggect cgtc 1429917

01007: 228 gcgct ggt cggt at cgecgcet t ccaggegt t cat gacgaaagcegt cgt t gacggagacgat 287

Ceeeeeeeeeer ceeeeeeeereeeeereeeeeeeeer teerrrrrrrrereer e
U110 : 1429918 gcgct ggt cggt gt cgcgcett ccaggegtt cat gacgaaggcegt cgt t gacggagat gat 1429977

01007: 288 ggcgat ggt gt cgacgccctt gt cctt cat ggcat aggcgt t gaggaagat gct cggcag 347

CEEEEEEEEEreeee e e e e teeer teee e e e e e e e e ey
U110 : 1429978 ggcgat ggt gt cgacgccctt gt cctt gat ggcgt aggegt t gaggaagat gct cggcag 1430037

01007: 348 at gcat ctt gt ggcaggt gccggt gt aggcgccgggcact gcgaacagcgeccactttctt 407
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII FEEEEEEErEeeer tee

U110 : 1430038 atgcatctt gt ggcaggt gccggt gt aggcgccgggcaccgcgaacagcgecaccttctt 1430097

01007: 408 gccctt gaagat gt cgt cggt ggt ct t cacct gcgggcectt ccgeegt cat cacgcggaa 467

CEPETEETETEE e e e e e e e e e e e e e e e e e e e ey
U110 : 1430098 gcccttgaagat gt cgt cggt ggtcttcacct gcgggecttccgecgt cat cacgcggaa 1430157

ccccgggt agettttcgeccagt ct ggat cgccat 506

tttcg
CEPEEEE PEer teeer FEEr e e et
tttcgect cgggecagcett gt cgeccagt ct ggat cgccat 1430196

01007: 468

U110 : 1430158

(B) Protein alignment of bll1317 open reading frame
Identities = 146/153 (95%), Positives = 150/153 (98%)

01007: 506 MAI OTGEKLPGAKFRVMIAEGPQVKTTDDI FKGKKVALFAVPGAYTGTCHKMHLPSI FLN 327
MAI QTGHKLP  AKFRVMIAEGPQVKTTDDI FKGKKVALFAVPGAYTGT CHKMHLPSI FLN
Uulio : 1 MAI QT GDKL PEAKFRVMIAEGPQVKTTDDI FKGKKVAL FAVPGAYTGTCHKMHLPSI FLN 60

01007: 326 AYAMKDKGVDTI Al VSVNDAFVIMNAVKRDTDOQRDEAI FLADGNADFAKAI GVELDASCGNG 147
AYA+KDKGVDTI Al +SVYNDAFVMNAVWKRDTDORDEA+FLADGNADF KAl GVELDAS NG
U110 : 61 AYAI KDKGVDTI Al | SVNDAFVMNAVWKRDT DQRDEAVFL ADGNADFTKAI GVELDASANG 120

01007: 146 LG RSKRYSM.VEDGVVKKLNLEAMPGKVEVSG 48
LG RSKRYSM.VEDGVVKKLNLEAMPGKVEVSG
U110 : 121 LG RSKRYSM.VEDGVVKKLNLEAVPGKVEVSG 153

Figure 4.16 Alignment of DNA (A) and protein (B) of bll1317 open reading frame
B. japonicum USDA110 and from Bradyrhizobium sp. DASA01007.
The identified peptides from 2D-PAGE were highlighted in bold and

underline.
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(A) DNA alignment of blr5625 open reading frame
Identities = 296/315 (93%)

01007:
U110

01007:
U110

01007
U110 :
01007
U110 :
01007
U110 :
01007:

U110

47
|IIIIIIIIIIIIIIIIIIIII||||||||||||||||||||||||||||||||||||||
6186325 at at cgacgcagaagagaag 6186384

107 accgct ggcggcat cat catt cccgacact gccaaggaaaagccct cccagggcgaagt c 166

6186385 accgct ggcggcat cat catt cccgacact gccaaggaaaagccct cccagggcgaagt c 6186444

167

6186445 gt cgccgt cggecceccggt ggccgecgacgaagccggcaagcet gat cccgat cgacct gaag 6186504

227

6186505 gt cggcgat cgcgt gct gt t cggcaagt ggt ccggcaccgaggt caagat cgacagegt ¢ 6186564

287

6186565 gat ctcttgat cat gaaggaaagcgacat cat gggcgt cct cgacgt ccccgcttccaag 6186624

347

6186625 aagaaggcggcctaa 6186639

gcagaagagaag 106

gt cgccgt t ggecceggt ggccgegacgaagecggcaagct gat cccgat cgacct gaag 226
CEEEEEEE CEEEr et e e e e e e e e e e e e e e e e e e e e e

gt cggcgaccgegt get gt t cggcaagt ggt ccggcaccgaggt caagat cgacggt cag 286
CEEEEEEE CEEEr et e e e e e e e e e e e e e e e e e e e e e e |

gacct gct gat cat gaaggagagcgacgt gat gggcgt t ct cgaagt cagcgagt ccaag 346
CECE teeeeeeeeeeer ceeeee ceeeeeeer eeeee veere reeee

aagaaggcggcctaa 361

(B) Protein alignment of blr5625 open reading frame
Identities = 98/104 (94%), Positives = 100/104 (96%)

01007: 47 MKFRPLHDRVVVKRI DAEEKTAGA | | PDTAKEKPSOQGEVVAVGPGGRDEAGKLI PI DLK 226

U110 :
01007: 227 VGDRVLFGKWSGTEVKI DGQDLLI MKESDVMGVLEVSESKKKAA 358

U110

1

61 VGDORVLFGKWSGTEVKI DSVDLLI MKESDI MGVLDVPASKKKAA 104

MKFRPLHDRVVVKRI DAEEKTAGG | | PDTAKEKPSQGEVVAVGPGERDEAGKLI Pl DLK
MKFRPLHDRVVVKRI DAEEKTAGA | | PDTAKEKPSQGEVVAVGPGGRDEAGKLI PI DLK 60

VCDRVLFGKWSGTEVKI D DLLI MKESDVMGVL VSESKKKAA

Figure 4.17 Alignment of DNA (A) and protein (B) of blr5625 open reading frame

B. japonicum USDA110 and from Bradyrhizobium sp. DASA01007. The

identified peptides from 2D-PAGE were highlighted in bold and

underline.
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(A) DNA alignment of bsr7532 open reading frame
Identities = 242/246 (98%)

01007: 51 gttgtcgatcttgacct cggt gcccgaccactt gccgaacagcacgcggt cgeccgacctt 110
[T |

U110 : 8265622 gttgtcgatcttgacctcggtgcccgaccactt gccgaacagcacgceggt cgccgacctt 8265563

01007: 111 gt cgat cgggat cagctt gccggcect cgt cgcggccgeccggggccgacggcgacgac 170

IIIIIIIIIIIIIIIIIIIIIIIIII CEEEEE terrrrerereeerreerereeee
U110 : 8265562 gag cgggat cagctt gccggt ct cgt cacggccgeccggggeccgacggcgacgac 8265503

01007: 171 ctcgccct gggacggettttcctt ggeggt gt ccggaat gat gat gccgecctt 230

ggtctt
CEEEErrrreer ceeeeerrererererrrerrrereerererrereerreerreee
ggtctt

U110 : 8265502 ctcgccct gggagggcettttcctt ggeggt gt ccggaat gat gat gccgecctt 8265443

01007: 231 ttcct
[T
U110 : 8265442 ttcct

cggcgt cgat acgt t t gaccacgacacggt cat gcggcggacgaaat tt ggattt 290
|

CECEEEEEEEErr e e e e e e e e e e Pere e e ey
cggcgt cgat acgt t t gaccacgacacggt cat gcagcggacgaaatttggattt 8265383

01007: 291 agccat 296

[T
U110 : 8265382 agccat 8265377

(B) Protein alignment bsr7532 open reading frame
Identities = 80/83 (96%), Positives = 81/83 (97%)

01007: 296 MAKSKFRPPHDRVVVKRI DAEEKTKGG | | PDTAKEKPSQGEVVAVGPGGRDEAGKLI Pl 117
MAKSKFRP HDRVVVKRI DAEEKTKGG | | PDTAKEKPSQGEVWAVGPGGRDE GKLI PI
u11o : 1 MAKSKFRPLHDRVVWKRI DAEEKTKGG | | PDTAKEKPSQGEVVAVGPGCRDETGKLI PI 60

01007: 116 DLKVGDRVLFGKWEGTEVKI DNK 48
DLKVGDRVLFGKWSGTEVKI DN+
U110 : 61 DLKVGDRVLFGKWSGTEVKI DNE 83

Figure 4.18 Alignment of DNA (A) and protein (B) of blr7532 open reading frame
B. japonicum USDA110 and from Bradyrhizobium sp. DASA01007.

The identified peptides from 2D-PAGE were highlighted in bold and

underline.
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4.7 Growth of E. coli transformantsin acid condition

Each PCR product was cloned into pRK404A, a medium copies number
plasmid (produced 3-7 copies per cells), in order to verify acid tolerant function in E.
coli. The PCR product derived from hypothetical protein, spot no.3; Peroxiredoxin,
spot no.11; 10 kDa chaperonin, spot no.14; and 10 kDa chaperonin, spot no.22 were
cloned into pRK404A and named as 5845pRK404A, 1317pRK404A, 5625pRK404A,,
and 7532pRK404A, respectively. Each constructed plasmid was transformed into E.
coli DH5a by electroporation resulting in 4 E. coli transformants. To verify the acid
tolerant function of constructed plasmids, all E. coli transformants were grown in
minima medium at pH 7.0, 4.5, and 4.0 compared with wild-type E. coli DH5a (Fig.
4.19). The growth of transformant E. coli harboring 5625pRK404A had highest cell
concentration when grown in minima medium at pH 7.0, while the growth of E. coli
harboring 5845pRK404A, 1317pRK404A, 7532pRK404A, as well as wild-type E.
coli were similar when grown at pH 7.0. This result indicated that harboring of
constructed plasmid 5625pRK404A could promote the growth, while other
constructed plasmids did not affect the growth of cell when grown at neutral pH.
Then, the growth of cell was determined in acid conditions at pH 4.5, and 4.0. The
results showed that all E. coli transformants performed better growth than wild-type
in al acid conditions. E. coli harboring plasmid 5625pRK404A had highest cell
concentration when grown in minimal medium at pH 4.5 and 4.0. These results
revealed the potential of isolated genes for promoting acid tolerance in E. coli
transformants. However, the acid tolerant function of these genes is necessary to be
further verified by trasfer into Bradyrhizobium sp. DASA01007 as well as gene knock

out to construct the mutants.
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Figure 14.9 Growth of E. coli DH5a (control) and E. coli transformants in minimal

medium at pH 7.0, 4.5, and 4.0.



CHAPTER YV

CONCLUSION

This research provided interesting information of acid tolerant
Bradyrhizobium and its symbiotic efficiency with soybean, as well as the proteins
expression in response to acid condition. Bradyrhizobium sp. DASA 01007 performed
the best growth ability among other bradyrhizobia including B. japonicum USDA110
in acid condition (pH 4.5). Acid tolerant Bradyrhizobium sp. DASA01007 provided
the highest symbiotic efficiency with soybean, especially nitrogen fixation. This
strain performed better growth at pH 4.5 when grown in adaptive condition indicating
an acid adaptive tolerant response mechanism is presented in the cell. To investigate
proteins involving in acid tolerant or acid adaptive tolerant response, 1D- and 2D-
PAGE techniques were used to determine proteins expression in acid pH under
normal or adaptive conditions. Total of 29 identified proteins were identified in
response to acid condition, these proteins were grouped into 8 categories based on
their function and 1 group of unknown categories. Among these proteins, 23 proteins
were up-regulated, while 6 proteins were down-regulated in acid condition when
compared to protein expressed at neutral pH Chaperonin (GroEL and GroES) was
another group of protein that highly expressed in cells grown at acid condition.
Chaperonin assembled with one or more of nitrogenase component and assists the
proper folding of nitrogenase protein complex. This model linked to plant experiment

inoculated with Bradyrhizobium sp. DASA01007 could promote nitrogen fixation of
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soybean grown under acid condition. Peroxiredoxins was aslo highly expressed under
acid condition. It could be possible that peroxiredoxin may have other roles in
protecting cell against acid stress condition. To verify the function of up-regulated
proteins of Bradyrhizobium sp. DASA01007 in response to acid condition, 4 protein
spots (Hypothetical protein, bll5845; Peroxiredoxin, bll1317; 10 kDa chaperonin,
blr5625; and 10 kDa chaperonin, bsr7532) that highly expressed when grew under
adaptive to acid condition were selected for gene isolation. PCR products derived
from selected spots were cloned into pRK404A and transformed to E. coli DH5a. All
E. coli transformants performed better growth than wild-type at all acid conditions.
These results revealed the potential of isolated genes for promoting acid tolerance in
E. coli transformants. However, the acid tolerant function of these genes is necessary
to be further verified by transfer into Bradyrhizobium sp. DASA01007 as well as gene
knock out to construct the mutants.

This research would be useful for agriculture applications. Acid torelant
Bradyrhizobium can be used directly for soybean in acidic soil. Aswell as the strategy
of growing cell in mild acid condition before exposure to extreme acid soil wil
increase the symbiotic efficiency of soybean bradyrhizobium inoculant. The protein
expression profilesin acid condition aslo provide useful information for further study

of acid tolerant protein function in Bradyrhizobium.
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APPENDIX A

Protein sear ch results by Mascot sear ch and Psortb search

Sequences of matched peptide were underline
Mascot search obtain from mascot search (http://www.matrixscience.com).

Predicted |ocalization obtained from PSORTb version 3.0.0

(http://www.psort.org/psortby).



Spot 1

Match to: Q89HZ6 BRAJA Score: 314

BII5843 protein Bradyrhizobium japonicum.

Nomina mass (M,): 75633; Calculated pl vaue: 4.87

Sequence Coverage: 5%

Matched peptides shown in Bold and underline

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751

MBNI VL SASV
QGLDNRASDI

TTVGYSTKSN
TGTAALGASL
ADGDTI TVNG
AVAPRATVND
| SGGEQVTLK
GSLGTLVQDG
STVYI QSATL
QLALSTG NA
TLTFTSFNGG
TVTTVNEYAS
LVNQENNI LA
FNAAGLGLSN
VQVRQDFSKN
ANQSQREVLQ

L ocalization Scor es;

Cytoplasmic

CytoplasmicMembrane

Periplasmic

OuterMembrane

Extracellular

Fina Prediction:

RQONLLSLQST
SNLLDG NNG
VSTTI PGATP
GSNAGSAVGF
KTI TFRTG P
VLSAI DLASG
SSTGADLSVT
STLNI DGHTI

TDLLNSI DLA
DLSI TGTGNA
TPVNVTFGDG
STLGSTTAGG
Q DTTSQDSS
LVNGVDFI DN
LI NVLQTGSS
LLR

0.00
0.00
0.00
5.87

4.13

ADLLATTQER LSTGKKVNTA LDNPTNFFTA
VQVLQAANTG | TSLQKLI DS AKSI ANQALQ
ADLRGTTSYA SATANSNVLY TGAAGGVTPV
AATAADGTTV LSGTATLLGT TASTTFGAPP
PTTQPTGWGL DASGHI ATDG NGNSI VYEGT
VKTATI SAGA AAI AVSGSTG Pl GTLQVASS
GKADFLNKLG LTTATGAGNA NVTANRSTTA
TFKNAQTPQS AASVTSGGVN GNI VTDGNGN
TGVKTASI FN GAASLTTTAG Q PSSVNSSG
LHAFGLSGNT GTATAFTAAR TSGVGGVSGK
TNGTVKTLDQ LNAQLQANHL TATI DANGLL
TVGGTI TG L AFTTAQPPVQ DPVAQTARSN
FNGVNLLNGD TLKLVFNETG SSTLG NGW
GATNKVLTSL NAASSTLRSE GSALGSNLSI

NLTLADTNEE AANSQALSTR QS| AVSALSL

Unknown (This protein may have multiple localization sites.)

Secondary localization(s):

S-layer

98



Spot 2

Match to: Q357K5 _9BRAD Score: 349

Hypothetical protein. Bradyrhizobium sp. BTAIL.

Nomina mass (M,): 51090; Calculated pl vaue: 4.97

Sequence Coverage: 14%

Matched peptides shown in Bold and underline

1
51
101
151
201
251
301
351
401
451
501

MSG VLSASV
QGLDNRASDI

SSVGYSTKSN
TTKLSGTPGT
VTNLLSTI G5
LSGQTLTI AA
SGKI SI TTTN
SLVAQYNNVL
TFNI AGLGLS
WQ RQDFNK
LANQSQASVL

L ocalization Scor es:

Cytoplasmic

CytoplasmicMembrane

Periplasmic

OuterMembrane

Extracellular

Fina Prediction:

Extracellular

RONLLSLQST AQLLATTONN LATGKKVNSA
SNLLDG GNG VQVLQAANTG | TSLQKLVDS
VTSAALAGAT ASSLI GASTT AVTGSWWLND
SSNDLASSI T TGDTLWNGT TFTFI AGTSS
ATGVTSSI TA GAl TLTPPAA GLTLSGTSLA
TGGGTATSI T FGLGTGQUNS LNDLNTKLAA

DAASATI GAl

LDNPTNFFTA

GGTAAASSQS FNGLTAAAPV

QQ NTTAADA SFNGVNLLNG DTLKLTFNET GK
NLTAGTDFLD NNSANKVLNV LNTASSTLRS EASTLGSNLS
NLI NVLQTGS SNLTLADTNE EAANSQALST RQSI AVSALS

QLR

0.00

0.00

0.00

0.04

9.96

9.96

Secondary localization(s):

Flagellar

AKSI ANQVLQ
NTSSAVAI TG

SGTNI GVGDT
KLGLSAVGNS
NNLQASFDTS
ADATAQSQRS
GKSSLSI TGV

99



Spot 3

Match to: Q357K5_9BRAD Score: 260

Hypothetical protein. Bradyrhizobium sp. BTAIL.

Nomina mass (M,): 51090; Calculated pl vaue: 4.97

Sequence Coverage: 8%

Matched peptides shown in Bold and underline

1
51
101
151
201
251
301
351
401
451
501

MSG VLSASV
QGLDNRASDI

SSVGYSTKSN
TTKLSGTPGT
VTNLLSTI G5
LSGQTLTI AA
SGKI SI TTTN
SLVAQYNNVL
TFNI AGLGLS
WQ RQDFNK
LANQSQASVL

L ocalization Scor es:

Cytoplasmic

CytoplasmicMembrane

Periplasmic

OuterMembrane

Extracellular

Fina Prediction:

Extracellular

RONLLSLQST
SNLLDG GNG
VTSAALAGAT
SSNDLASSI T
ATGVTSSI TA
TGGGTATSI T
DAASATI GAl

QQ NTTAADA
NLTAGTDFLD
NLI NVLQTGS

QLLR

0.00

0.00

0.00

0.04

9.96

9.96

Secondary localization(s):

Flagellar

AQLLATTONN LATGKKVNSA

LDNPTNFFTA

VQVLQAANTG | TSLQKLVDS
ASSLI GASTT AVTGSWWLND
TGDTLWNGT TFTFI AGTSS
GAI TLTPPAA GLTLSGTSLA
FGLGTGQVNS LNDLNTKLAA
GGTAAASSQS FNGLTAAAPV
SFNGVNLLNG DTLKLTFNET
NNSANKVLNV LNTASSTLRS
SNLTLADTNE EAANSQALST

AKSI ANQVLQ
NTSSAVAI TG

SGTNI GVGDT
KLGLSAVGNS
NNLQASFDTS
ADATAQSQRS
GKSSLSI TGV

EASTLGSNLS
RQSI AVSALS

100



101

Spot 4

Match to: Q89X74_BRAJA Score: 712

ATP synthase beta chain. Bradyrhizobium japonicum.
Nominal mass (M,): 50987; Calculated pl value: 5.13
Sequence Coverage: 38%

Matched peptides shown in Bold and underline

1 MAAQSGRVTQ VI GAVWDVQF EGHLPAI LNS LETKNGGNRL VLEVACQHLGE
51 STVRTI AMDT TEGLVRGQEV TDIGSPI RVP VGEGILGRI | NVI GEPI DEA
101 GPVKSEG.RA | HOEAPTYTD QSTEAEI LVT G KVVDLLAP YAKG&I GLF
151 GGAGVCGKTVL | QELI NNVAK AHGGYSVFAG VGERTREGND LYHEFI ESKV
201 NADPHNPDPS VKSKCALVFG QVNEPPGARA RVALTG.TI A EDFRDKGQDV
251 LFFVDNI FRE TOQAGSEVSAL LGRI PSAVGY QPTLATDMGA LOERI TTTQK
301 GSI TSVQAI'Y VPADDLTDPA PATSFAHLDA TTTLSRSI AE KG YPAVDPL
351 DSTSRMLSPL WWGEEHYAVA ROQVOQQVLORY KALQDI | Al L GVDELSEEDK
401 LTVARARKVE RFMSQPFHVA El FTGSPCGKE VDLADTI KGF KGLVEGKYDH
451 LPEAAFYWG TI EEAVEKCGK KLAAEAA

L ocalization Scor es:
Cytoplasmic 3.70

CytoplasmicMembrane 6.29

Periplasmic 0.01

OuterMembrane 0.00

Extracellular 0.00
Final Prediction:

Unknown (This protein may have multiple localization sites.)
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Spot 5

Match to: Q357K5 9BRAD Score: 330
Hypothetical protein. Bradyrhizobium sp. BTAIL
Nomina mass (M,): 51090; Calculated pl vaue: 4.97
Sequence Coverage: 14%

Matched peptides shown in Bold and underline

1 MSG VLSASV RQONLLSLQST AQLLATTONN LATGKKVNSA LDNPTNFFTA
51 QGLDNRASDI SNLLDG GNG VQVLQAANTG | TSLQKLVDS AKSI ANQVLQ
101 SSVGYSTKSN VTSAALAGAT ASSLI GASTT AVTGSWLND NTSSAVAI TG
151 TTKLSGTPGT SSNDLASSI T TGDTLWNGT TFTFI AGTSS SGTNI GVGDT
201 VTNLLSTI QS ATGVTSSI TA GAl TLTPPAA GLTLSGTSLA KLGLSAVGNS
251 LSGQTLTI AA TGGGTATSI T FGLGTGQVNS LNDLNTKLAA NNLQASFDTS
301 SGKI SI TTTN DAASATI GAI GGTAAASSQS FNGLTAAAPV ADATAQSQRS
351 SLVAQYNNVL QQ NTTAADA SFNGVNLLNG DTLKLTFNET GKSSLSI TGV
401 TFNI AGLGLS NLTAGTDFLD NNSANKVLNV LNTASSTLRS EASTLGSNLS
451 WQ RQDFNK NLI NVLQTGS SNLTLADTNE EAANSQALST RQSI AVSALS
501 LANQSQASVL QLLR

L ocalization Scor es:
Cytoplasmic 0.00

CytoplasmicMembrane 0.00

Periplasmic 0.00

OuterMembrane 0.04

Extracellular 9.96
Final Prediction:

Extracellular 9.96

Secondary localization(s):

Flagellar



Spot 6

Match to: BAC50891 Score: 1764

BAO00040 NID: Bradyrhizobium japonicum USDA 110

Nominal mass (M,): 57716; Calculated pl value: 5.45

Sequence Coverage: 51%

Matched peptides shown in Bold and underline

1
51
101
151
201
251
301
351
401
451
501

MAAKEVKFSV
KDGVTVAKEL
REGAKSVAAG

DARDKMLRGV
EL EDKFENMG

DI LANAVKVT LGPKGRNVVL DKSFGAPRI T
AQWREVASK SADAAGDGIT TATVLAQAI V

M\PMDLKRG

SANGDAEI GK

FLADAVKKVG

DLAVEAWAD LVKNSKKVTS NDEI AQVGTI
NEGVI TVEEA KSLETELDWVW EGVOFDRGYI

SPYFVTNADK

VRVENMDDAYI

LI NEKKLSSL NELLPLLEAV VQTGKPLVI V

AEDVEGEALA
I SEDLG KLE
AQ EETTSDY

TLVVNRLRGG
NVTLNMLGRA

LKVAAVKAPG FGDRRKAMLQ DI Al LTGGQA
KKVM DKENT Tl VNGAGKKA DI EARVSQ K

DREKL QERLA

HATRAAVEEG

| VPGGGVALL

ARQ Al NAGE

DGSVI V&KI L

VRTAI QNAAS

L ocalization Scor es:

Cytoplasmic

CytoplasmicMembrane

Periplasmic

OuterMembrane

Extracellular

Fina Prediction:

Cytoplasmic

VAALLI TTEA

9.26

0.24

0.48

0.01

0.01

9.26

KLAGGVAVI R VGGATEVEVK ERKDRVDDAM
RASEQLKGLR TKNDDQKTGV ElI VRKALSAP

ENKTYAYGFD SQTGEYVNLV TKG | DPTKV

MVAELPKKGG AGPAMPPGGG MGGVDE
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Spot 7

Match to: Q89v62 BRAJA Score: 310

Two-component response regulator. Bradyrhizobium japonicum.
Nominal mass (M,): 23989; Calculated pl value: 5.07

Sequence Coverage: 24%

Matched peptides shown in Bold and underline

1 MNAPSTHLVI ADDHPLFRDA LRQAVASVLT SARI DEAGSF EDLTKLLEQT
51 SDVDLI LLDL SMPGA SGFSG LI YLRAQYPA | PVWI VSASD DSATI RRSLD
101 FGASGFI PKR FGVETLRDAI LKVMEGDVW PADTDLSAAT DPDMIRLRDR
151 LVILTPQQVR VLMVLSEGLL NKQ AYELGV SEATI KAHVS Al LQKLGVES
201 RTQAVI AAAR | AGGVNKQGT STG

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26
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Spot 8

Match to: Q89R44 BRAJA Score: 357

Oxidor eductase. Bradyrhizobium japonicum.
Nominal mass (M,): 31520; Calculated pl value: 6.92
Sequence Coverage: 27%

Matched peptides shown in Bold and underline

1 MSASTSONQR | AWGLGSMG FGVATSLKRA GHAVTGCDVS ADAVARFVKD
51 GGAGAKTPAE AARGADVWVS VVWNAAQTET | LFGKDGVAE TMPKDSVFLS
101 SATVDPDVAR RLAKQLEATG RHYLDAPI SG GAQRAAQGEL TI LASGSPAA
151 FAKARPALDA MAAKLYELGD AAGOGAAFKM | NQLLAGVHI AAASEANMAFA
201 AKQGE.DI RKV YEVI TASAGN SWWFENRWPH VLDGDYTPRS AVEI FVKDLG
251 || ODVARSAR FPVPVSAAAL QVFLMIAAAG MGRDDDASVA RMYAQVTGVK
301 LPGDK

L ocalization Scor es:
Cytoplasmic 2.00

CytoplasmicMembrane 2.00

Periplasmic 2.00

OuterMembrane 2.00

Extracellular 2.00
Final Prediction:

Unknown
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Spot 9

Match to: BAC49344 Score: 257

BAO00040 NID: Bradyrhizobium japonicum USDA 110
Nominal mass (M,): 18616; Calculated pl value: 5.46
Sequence Coverage: 34%

Matched peptides shown in Bold and underline

1 MALYEHVFLA RQDASPQQVE ELTAQMIG V EGLGCKVTKT ENWGVRSLTY
51 RMNKNRKAHF VLLNI DAPSA Al AEI ERQER | SEDVI RYLS VRVEELEEGP
101 SAMVRKADRD RERDDRGGGF RCGEREGGFRG DREGGFRGGD RDGGGFRGDR
151 GPRRPREEAE TATDGE

L ocalization Scor es:
Cytoplasmic 9.26

Cytoplasmic Membrane 0.24

Periplasmic 0.48
OuterMembrane 0.01
Extracel lular 0.01

Final Prediction:

Cytoplasmic 9.26



Spot 10

Match to: Q373S9_RHOPA Score: 310

Ribosomal protein L7/L12.- Rhodopseudomonas palustris BisA53.
Nominal mass (M,): 12694; Calculated pl vaue: 5.02

Sequence Coverage: 43%

Matched peptides shown in Bold and underline

1 MADLCKI VDD LSSLTVLEAA ELAKLLEEKW GVSAAAAVAV AGPAAAAAAP
51 AEEKTEFTVV LASAGDKKI E VI KEVRAI TG LGLKEAKDLV EGAPKPVKEG
101 VNKDEAEKVK AQLEKAGAKV ELK

L ocalization Scor es:
Cytoplasmic 0.00

CytoplasmicMembrane 3.24

Periplasmic 6.49
OuterMembrane 0.14
Extracellular 0.14

Fina Prediction:
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Spot 11

Match to: Q89UU2 BRAJA Score: 626

Per oxiredoxin. Bradyrhizobium japonicum.
Nominal mass (M,): 17414; Calculated pl value: 6.11
Sequence Coverage: 50%

Matched peptides shown in Bold and underline

1 NMAIL QTGDKLP EAKFRVMIAE GPQVKTTDDI FKGKKVALFA VPGAYTGICH
51 KMHLPSI FLN AYAI KDKGVD Tl Al | SVNDA FVWMNAVKRDT DQRDEAVFLA
101 DGNADFTKAI GVELDASANG LG RSKRYSM LVEDGVVKKL NLEAVPGKVE
151 VSGEDTLLGQ L

L ocalization Scor es:
Cytoplasmic 2.00

CytoplasmicMembrane 2.00

Periplasmic 2.00

OuterMembrane 2.00

Extracellular 2.00
Final Prediction:

Unknown
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Spot 12

Match to: BAC49384 Score: 277

BAO000040 NI D: Bradyrhizobium japonicum USDA 110
Nominal mass (M,): 15050; Calculated pl value: 6.75
Sequence Coverage: 33%

Matched peptides shown in Bold and underline

1 MAI ERTFSI | KPDATARNLT GAVNAVI EKA GLRI VAQKRI RMIKEQAETF
51 YAVHKARPFF CGELVEFMISG PVVWQVLEGE NAVAKYRDAM GATDPSKAAE
101 GTI RKLYAKS | GENSAHGSD APETAAI EI A QFFSGNEI VG

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26



Spot 13

Match to: Q89SG9 BRAJA Score: 216

BI12431 protein. Bradyrhizobium japonicum.
Nominal mass (M,): 16778; Calculated pl value: 7.85
Sequence Coverage: 26%

Matched peptides shown in Bold and underline

1 MII NRRDLAL STLAVPALAI SALALTTPAL AAAADEEAVA KKVEAFRLAQ
51 | AADPKALGA LCWDDLSYSH SSGKVEDKAT FI TNATDGKS KFLSI EYKDP
101 TI KWGPAAI VRFHWAEQE NMAADGKKVPT NLH LMWK QGDDWKLLSR
151 AATKL

Localization Scores:
Cytoplasmic 0.00

CytoplasmicMembrane 2.50

Periplasmic 2.50
OuterMembrane 2.50
Extracel lular 2.50

Final Prediction:

Unknown
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Spot 14

Match to: Q891K9_BRAJA Score: 299

10 kDa chaperonin (Protein Cpnl0) (groES protein). Bradyrhizobium japonicum.
Nomina mass (M,): 11170; Calculated pl value: 7.93

Sequence Coverage: 52%

Matched peptides shown in Bold and underline

1 MKFRPLHDRV WWKRI DAEEK TAGA | | PDT AKEKPSQGEV VAVGPGGRDE
51 AGKLI PI DLK VGERVLFGKW SGTEVKI DSV DLLI MKESDI  MGVLDVPASK
101 KKAA

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26
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Spot 15

Match to: Q89J82 BRAJA Score: 907

Elongation factor TU. Bradyrhizobium japonicum.
Nominal mass (M,): 43569; Calculated pl value: 5.78
Sequence Coverage: 46%

Matched peptides shown in Bold and underline

1 MAKAKFERNK PHCNI GT1 GH VDHGKTSLTA Al TKI LAETG GATFTAYDQI
51 DKAPEEKARG | TI STAHVEY ETKNRHYAHV DCPGHADYVK NM TGAAQVD
101 GAlI LWSAAD GPVPQTREHI LLARQVGVPA LVVFLNKCDM VDDPELLELV
151 ELEVRELLSK YEFPGDKI Pl | KGSALAALE DSDKKLGHDA | LELMRNVDE
201 YI PQPERPI D QPFLMPVEDV FSI SGRGTW TGRVERG VK VGEEI ElI VGL
251 RATQKTTVTG VEVFRKLLDQ GQAGDNI GAL LRGTKREDVE RGQVLAKPGS
301 VKPHTKFEKAE AYI LTKEEGG RHTPFFTNYR POFYFRTTDV TGVVHLPEGT
351 EMWMPGDNI A MEVHLI VPI A MEEKLRFAI R EGGRTVGAGY VASI | E

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26
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Spot 16

Match to: Q89XV0_BRAJA Score: 898

Blr0205 protein. Bradyrhizobium japonicum.
Nominal mass (M,): 34868; Calculated pl value: 6.30
Sequence Coverage: 38%

Matched peptides shown in Bold and underline

1 MSAPLEQPPA STKGFSMITS FPVTKTGLRF GLATALVCGCL ALALI AGPCR
51 AADDPVLAKV NGAEI KKSDV AVAEEELGPS LAQVDPATKD ENVLSFLI DM
101 KI VSKAAEDK KVADSEEFKK RLAFARNRLL MDSLLANEGK AATTPDANMKK
151 VYEEASKQ T GEQEVRARHI LVETEDEAKA VKAELDKGAD FAELAKKKSK
201 DPGSADGGEDL GFFTKEQWP EFSAVAFALE PCGKI SDPVKS QFGMHI | KVE
251 EKRNRKAPDF EQVKAQ EQY VTRKAQADYV AKLRTEAKVE RLDQPAADAK
301 PADAAKPSDA KPSDSKVAPP AKK

L ocalization Scor es:
Cytoplasmic 0.00

CytoplasmicMembrane  0.00

Periplasmic 7.40

OuterMembrane 2.49

Extracellular 0.11
Final Prediction:

Unknown



Spot 17

Match to: Q89QCO0_BRAJA Score: 666

ABC transporter sugar-binding protein. Bradyrhizobium japonicum.

Nominal mass (M,): 38378; Calculated pl value: 7.63

Sequence Coverage: 41%

Matched peptides shown in Bold and underline

Peptide sequence

1
51
101
151
201
251
301
351

M_KLKTTFLA LALAGAATMA AGVTASAQDK ATVA AMPTK SSARW DDGN
NWKVLKERG YNTDLQYAED DI PNQLSQVE NWTKGAKAL VI AAI DGTTL
SDVLKQAKAK G TVI AYDRL | RGTPNVDYY ATFDNFQVGY LQAESLVQGL
GLKDGKGPFN | ELFGGSPDD NNAYFFYNGA MSVLKPYI DS GKLVWWSGQM
GVDKVATLRW DGATAQARMD NLLSAYYGNK KVNAVLSPYD GLSI G | SSL
KGVGYGSADQ PMPVI SGQDA EVPSI KAMLR GDQYSTI FKD TRDLAKVTAD
MVDAALAGKQ VTVNDTNTYE NGVKKVPSYL LKPVVVYKDN VEKVLVDSGY

YKKSQFQ

1 MLKLKTTFLA LALAGAATMA AGVTASAQDK ATVA AMPTK SSARW DDGN
51 NWKVLKERG YNTDLQYAED DI PNOLSQVE NWTKGAKAL VI AAI DGITL
101 SDVLKQAKAK G TVI AYDRL | RGTPNVDYY ATFDNFQVGY LQAESLVQGL

151 GLKDGKGPFN T ELFGGSPDD NNAYFFYNGA MBVLKPYI DS GKLVAVVSGOM
201 GVDKVATLRW DGATAQARVD NLLSAYYGNK KVNAVLSPYD GLSI G T SSL
251 KGVGYGSADQ PMPVI SGQDA EVPSI KAMLR GDQYSTI FKD TRDLAKVTAD
301 MVDAALAGKQ VTVNDTNTYE NGVKKVPSYL LKPVWVYKDN EKVLVDSGY
351 YKKSQFQ

L ocalization Scor es;

Cytoplasmic 0.00

CytoplasmicMembrane  0.00

Periplasmic 10.00

OuterMembrane 0.00

Extracellular 0.00
Final Prediction:

Periplasmic 10.00
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Spot 18

Match to: Q89LU7_BRAJA Score: 903

ABC transporter amino acid-binding protein. Bradyrhizobium japonicum.
Nominal mass (M,): 36860; Calculated pl value: 6.21

Sequence Coverage: 54%

Matched peptides shown in Bold and underline

1 MKRVTLALTL ALAAGLTAQA ADAQTLKTVK DRGILSCGVS QGE.PGFSAPD
51 DKGNWIGLDV DVCRAI AAAI  FNDPTKVKFV PTSAKDRFTA LQSCGEI DVLS
101 RNTTWIT SRD TSLGANFTGV TYYDGOQGEFMWV KKSLKVNSAL ELNSASVCVQ
151 TGITTEONLA DYFKANNMKY EVI AFGTNDE TVKAYEAGRC DVFTTDQSGL
201 YANRLKLANP NDHWLPEI | SKEPLGPWR HGDDOWFDI V. KWILFALVTT
251 EELGVTSKNV DEKAKLESPE LKRVLGSDGN FGEQLGLTKD W/VRI VKAVG
301 NYGEVFDRNV GAGSPLAI NR GLNNLWAKGG LQYAPPI R

L ocalization Scor es:
Cytoplasmic 0.00

CytoplasmicMembrane 0.00

Periplasmic 10.00

OuterMembrane 0.00

Extracellular 0.00
Final Prediction:

Periplasmic 10.00



Spot 19

Match to: Q89QC8 BRAJA Score: 492

ABC transporter sugar-binding protein. Bradyrhizobium japonicum.

Nominal mass (M,): 33968; Calculated pl value: 7.66

Sequence Coverage: 31%

Matched peptides shown in Bold and underline

Peptide sequence

1
51
101
151
201
251
301

M LKALFAAS ATAALLLALP ANAAELTI GF SQ GSESGWR AAETSVSKQE
AAKRKVNLKI  ADAQRKQENQ | KAI RSFI AQ NVDAI FLAPV VSTGADSVLK
EAKEAKI PV LLDRDI DPSG KELYLTAVTS DSVHEGEVAG DW.AKTVGEK
ACNI VELQGT VGASVAANRK KGFDTAI AKH ANLKVVRSQT GDFTRAKGKE
VIVESFI KAEG GGKSI CAVYA HNDDMWGAI QAVKEAGLKP GKEI LTVSI D
AVPDI FKAVA AGEANATVEL TPNVAGPALD Al AAFKDKGT VPPKW QTES
KLYTAADDPQ KI YDSKKGLG Y

L ocalization Scor es:

Cytoplasmic 0.00

CytoplasmicMembrane 0.00

Periplasmic 10.00

OuterMembrane 0.00

Extracellular 0.00
Final Prediction:

Periplasmic 10.00
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Spot 20

Match to: Q891G4_BRAJA Score: 384

ABC transporter substrate-binding protein. Bradyrhizobium japonicum.
Nominal mass (M,): 40020; Calculated pl value: 8.95

Sequence Coverage: 20%

Matched peptides shown in Bold and underline

1 MKSLKLI GLA FGASI ALSSA AFAQDVTI AV AGPMTGTESA FGRQVKNGAE
51 MAVADI NTAG G NGKKLALN VEDDACDPKQ ARSI AEKI AG AKI PFVAGHY
101 CSSSSI PASE AYADGNVLQ TPASTNPLFT ERKLWNVARV CGRDDQOGLI
151 AAQYI AKNYK GKNI Al LNDK TTYGKGLADE TKKALNKAG TEKMYESYNK
201 GDKDENAI VS RLKRDNI DLV YVGGYHQESG LI LRQVRDQG LKTVLMAGDA
251 LADKEYASI T GPAGEGILFT FGPDPRNKPT AKKI VDAFKA KNI DPEGYTL
301 YTYAAMOWE QAAKKAGITD AKKVMVEAMKA GKWDTVI GPI EYDAKGDI KQ
351 | DYWYKWDA KGGYAEI KGN GT

L ocalization Scor es:
Cytoplasmic 0.00

CytoplasmicMembrane 0.00

Periplasmic 10.00

OuterMembrane 0.00

Extracellular 0.00
Final Prediction:

Periplasmic 10.00
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Spot 21

Match to: Q89FQO0_BRAJA Score: 223

BI16649 protein. Bradyrhizobium japonicum.
Nomina mass (M,): 18033; Calculated pl value: 6.74
Sequence Coverage: 23%

Matched peptides shown in Bold and underline

1 MLVKSI AAGL AGTALLATAA FAQSPTATTD KAPTAATTTT TTSASGEVRT
51 SKMPGLKI YN DANENI GSI N DLLIVDKSGAI KI AVI GVGGF LGVGEHLVAV
101 PYDKLKFVNE AVAYTGAAGT NPNAKPATTT TTGAATGIDK TATTVTASSK
151 WYPDHAVENA SKDELKNVPE FKYSE

L ocalization Scor es:

Cytoplasmic 0.00

CytoplasmicMembrane 2.50

Periplasmic 2.50

OuterMembrane 2.50

Extracellular 2.50
Final Prediction:

Unknown
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Spot 22

Match to: Q89DA7_BRAJA Score: 360

10 kDa chaperonin (Protein Cpnl0) (groES protein). Bradyrhizobium japonicum.
Nominal mass (M,): 10708; Calculated pl value: 6.59

Sequence Coverage: 69%

Matched peptides shown in Bold and underline

1 MAKSKFRPLH DRVVVKRI DA EEKTKGG | | PDTAKEKPSQ GEVVAVGPGG
51 RDETGKLI Pl DLKVGDRVLF GKWSGTEVKI DNEELLI MKE SDI MGVIVA

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26



Spot 23

Match to: AAC44752 Score: 81

BJU55047 NI D: Bradyrhizobium japonicum
Nominal mass (M,): 11300; Calculated pl value: 6.10
Sequence Coverage: 21%

Matched peptides shown in Bold and underline

1 MHFRPLHDRV LVRRI DAEEK TAGG | | PDT AKEKPQEGEI | AAGSGGRNE
51 QGQLI PI DVK PGDRVLFCGKW SGTEVKI DGQ DYLI MKESDL LGVVDKTGSV
101 KKAA

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26
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Spot 24

Match to: Q5SNMT2_ZYMMO Score: 76
Peptidoglycan-associated protein. Zymomonas mobilis.
Nominal mass (M,): 27353; Calculated pl value: 6.92
Sequence Coverage: 4%

Matched peptides shown in Bold and underline

1 MLNGWDFGG KNDGVSGFI G GGVGVARVAL NHYSLGGSGS FANDNDAHFA
51 WQVI AG RKP VTKM DFELK YRFFNVNGLN FRTTDMGNMS GRYRSHSVLA
101 GLVFNFGEPK AAQPAPPPVP APPPPTPPAP PPPEEPPAPP VPAI PGPFLV
151 FFDFDKYNI T PEAASI LDNV ASSYAQTGQA RVWAGYTDT AGPAKYNMGL
201 SCQRRADSVKA YLVGKGVPDD AVATEAYGKT HLLVQTADGY REPQONRRVEI
251 TFGPGSXQ

L ocalization Scor es:
Cytoplasmic 0.01

CytoplasmicMembrane 0.01

Periplasmic 0.03

OuterMembrane 9.92

Extracellular 0.03
Final Prediction:

OuterMembrane 9.92



Spot 25

Match to: AAV 89284 Score: 562

AE008692 NID: Zymomonas mobilis subsp. mobilisZM4

Nomina mass (M,): 68508; Calculated pl value: 4.81

Sequence Coverage: 19%

Matched peptides shown in Bold and underline

1
51
101
151
201
251
301
351
401
451
501
551
601

M3KVI G DLG TTNSCVAVVE

GGOPKVI ENA

EGARTTPSI V

GOPAKRQAVT NSENTI FAVK
AWKAGGEDY SPSQ SAFI L
RQATKDAGKI AGLEVLRI | N

RLI GRRFDDP
KMKETAESY
EPTAAALAYG

VTKRDTELVP
LGETVDQAVI
L DKNDGKTI A

| SI LEI GDGV FEVKATNGDT
RLALCQRLKEA AEKAKI ELSS
ERLVADLI DR TLEPVKKALA
FFGKEPHTGV NPDEVVAMGA

FLGGEDFDTK
AQITEVNLPF
DAGVKASDI D

Al QAGVLQGD

GVFTRM DRN TTI PTKKSQV

YSTAEDNQNA

| VSYLAEEFK
| TADATGPKH
DVWMWGGMIR
VKDVLLLDVT
VTl RVFQGER

QFDLVAE PPA PRGVPQ EVT
GLSEGDI DKM VKDAEKFAAD
KVDAALKTEV EAAVAAVKTA
DQANNERHDT PETEKAEGDN

L ocalization Scor es:

Cytoplasmic 9.26

CytoplasmicMembrane  0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26

FDI DANG VN
DKHRRELAEA
LEGEDVAQ N
VWDAEFQEI D

VSAKDKGTGK
KNNGDSL VHT
EKTQALGQVA
DQDKK

AFTKDSERL|
YH VRGSNGD
TVPAYFNDAQ
VYDLGGGTFD
KAEG DLTKD
LVKTI SRAEL
MPKVRQWKE
PLSLG ETLG
EMAADNKLLG
EQQ Rl QASG
TERQLTELGD
MKLGQAL YEQ
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Spot 26

Match to: Q1IN9C2 9SPHN Score: 245

Ribosomal protein S1. Sphingomonas sp. SKAS8.
Nominal mass (M,): 61616; Calculated pl value: 5.01
Sequence Coverage: 7%

Matched peptides shown in Bold and underline

1 MASTAFPSRD DFAALLNDSL GGEDGGFEGR VVKGIVTGA E NDLAVI DVGL
51 KSEGRVPLRE FAMPGKADL KVGDEVEVYV DRVENAHGEA M._SRDRARRE
101 AAWDKLEAEF TESARVEGVI FGRVKGGFTV DLDGAVAFLP GSQVDI RPVR
151 DVTPLMDI PQ PFQ LKMDRR RGN VWSRRA | LEETRAEQR SGLI QTLAEG
201 QI EGYWKN TDYGAFVDLG G DGLLHVTD LSYKRI NHPN EM NI GDTVK
251 VQ I RINRDT QRI SLGWKQL ESDPWEGASA KYPVGAKLTG RVTNI TEYGA
301 FVELEPG EG LVHVSEMSWT KKNVHPCGKI V' STSQEVEVLV LEVDPEKRRI
351 SLALKQAQSN PWDSFAERHP VGSTVEGEVK NATEFGLFI G LDGDVDGWH
401 MSDI AWG SG EDALALHRKG ETVQAWLDI DVEKERI SLG MKQLERGGPA
451 AGGTAAAAAG LNKNAI VTVT VLEVRDGGLE VQAGEDGAAG FI KRSDLGRD
501 RDEQRPERFQ VGQKFDAWT G-DRAKKPTF SVKAMD AEE KQAVAQYGSS
551 DSGASLGDI L GEALKAKNEG

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26



Spot 27

Matchto: Q1GVZ9 9SPHN Score: 617

Chaperonin GroEL .- Sphingopyxis alaskensis RB2256.

Nominal mass (M,): 57917; Calculated pl value: 5.07

Sequence Coverage: 22%

Matched peptides shown in Bold and underline

1
51
101
151
201
251
301
351
401
451
501

MAAKDVKFSR
KDGVSVAKEI
REGVKSVAAG

DARERI LKGV DI LADAVKVT LGPKGRNVWVI DKSFGAPRI T
ELKDKFENVG AQVLREVASK ANDKAGDGIT TATVLAQAI V
VMNPVDLKRG DLAVTKWVED LKARSTPVSG SSEI AQVG |

SANGDVEVCGE
SPYFI TNPEK
AEDI EGEALA
| SEDLA KLE
AQ ETTTSDY
HATRAAVEEG

KI AEAVEKVG KEGVI TVEEA KGLEFELDVV EGVQFDRGYL
M VELTDPY!l LI FEKKLSNL QSMLPI LEAV VQSGRPLLI |

TLVVNRLRGG LKVAAVKAPG FGDRRKAMLQ DI Al LTKGEM
NVTLNMLGQA KRVTI DKDNT TI VDGAGDAE Al KGRVEQ R
DREKLQERLA KLAGGVAVI K VGGATEVEVK ERKDRVDDAL
| VPGGGTALL YATKALEGLK GANDDQTRG DI | RKAI ETP

LRQ AANAGH
VRTALQDAAS

L ocalization Scor es:

Cytoplasmic

CytoplasmicMembrane

Periplasmic

OuterMembrane

Extracellular

Fina Prediction:

Cytoplasmic

DGAWAGNLL RVGEDVEQGFN AATDVYENLK AAGVI DPTKV
VAGLLI TTEA AVSELPEDKP AMPMGSGGMG GMGGVDF

9.26

0.24

0.48

0.01

0.01

9.26

124



Spot 28

Match to: Q1GP97_9SPHN Score: 594

Trandation elongation factor Tu.- Sphingopyxis alaskensis RB2256.

Nominal mass (M,): 43040; Calculated pl value: 5.11

Seguence Coverage: 26%

Matched peptides shown in Bold and underline

1 MAKAKFERTK PHCNI GTl GH VDHGKTSLTA
51 | DKAPEERER G TI STAHVE YETESRHYAH
101 DGAI LWSAA DGPVPOTKEH | LLAKQVGVP

Al TKVLAENV AGNAAVDFAN
VDCPGHADYV KNM TGAAQM

TWVFLNKVD QLDDPELLEL

151 VELEI REELS KRDFDGDNI P | | AGSALAAL
201 EW PQPERPL DKPFLMPI ED VFSI SGRGTV
251 | KDTKKTWT GVEMFRKLLD QGQAGDNI GA

EGRDDNI GKD Al LKLMAAVD
VTCRVETGW KVCGEEVEI VG
LI RGVGREEV ERGQVLAKPG

301 SI TPHTEFTS EVYVLSKDEG GRHTPFFANY
351 TEMVMPGDNV QLSVKLI APl ANDPGLRFAI

L ocalization Scores:
Cytoplasmic
CytoplasmicMembrane
Periplasmic
OuterMembrane
Extracellular

Final Prediction:
Cytoplasmic

9.26
0.24
0.48
0.01
0.01

9.26

RPQFYFRTTD VTGEVI LPEG
REGGRTVGAG WATVTK

125
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Spot 29

Match to: Q7vV285 PROMP Score: 54

Hypothetical protein.- Prochlorococcus marinus subsp. pastoris (strain CCMP
1378/ MEDA).

Nominal mass (M,): 17200; Calculated pl value: 9.12

Sequence Coverage: 5%

Matched peptides shown in Bold and underline

1 NMSNSNYDNNY GQENYRSRGN NDRSNFRNRS GGNRDGGGFR | RLSDNEMKA
51 VRSI QEAFQL KSTVAVLGFS VRTLSEM ED KDLMESI TKF ARNNKNTSSP
101 NKATASENRS KKVVPDPFAR PVKNTPSEQT QPNKEEI KEE | KKEQEEVDD
151 K

L ocalization Scor es:
Cytoplasmic 9.26

CytoplasmicMembrane 0.24

Periplasmic 0.48

OuterMembrane 0.01

Extracellular 0.01
Final Prediction:

Cytoplasmic 9.26



APPENDIX B

DNA and Protein search from BlastN 2.0.13
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DNA alignment of bll1317 open reading frame
Bradyr hizobium japonicum USDA 110 DNA, complete genome
Length = 9105828 Score = 767 bits (387) Expect =0.0

|dentities = 441/459 (96%)

Query: 48 gcct gacacct cgacctt gccgggceat cgett cgaggtt cagettcttgaccacgecgtc 107
Crereeeeeereeeeeeeeeeeeeeereee reerereereerrree e rerrrrree

Shj ct: 1429738 gcctgacacct cgacctt gccgggceat cgect cgaggttcagettcttcaccacgeecgtc 1429797

Query: 108 ct cgaccagcat cgaat agcgct t ggagcggat gccgaggccat t gccggaggegt ccag 167
CEEEETEETEEEEr et e e e e e e e e e e e e e e e e eererr e 1

Shjct: 1429798 ctcgaccagcat cgaat agcgctt ggagcggat gccgaggcecgtt ggcggaggcegt cgag 1429857

Query: 168 gccgat cgecct t ggcgaagt cggcat t gccgt cggcgaggaagat ggect cgt ¢ 227
IIIIIIIIIIIIIIIIIIII CEEEEEETTEEEEr e e e e e o rrerrrr

gtc

Shj ct: 1429858 ctccatgccgat cgecctt ggt gaagt cggcatt gccgt cggcgaggaat acggectc 1429917

tt gacggagacgat 287
NRRRRRREA AR
tt gacggagat gat 1429977

Query: 228 gcgct ggt cggt at cgegcet t ccaggegt t cat gacgaaagcegt cg
CEEEETEETeeE tere e e e e e e e e e e e teenn
Shj ct: 1429918 gcgct ggt cggt gt cgegcet t ccaggegt t cat gacgaaggcegt cg

at aggcgt t gaggaagat gct cggcag 347

at ggc
CEEEE TEETEET T e e e
at ggcgt aggcgt t gaggaagat gct cggcag 1430037

Query: 288 ggcgat ggt gt cgacgcccttgtcctt
_ CECETEETTEEE e e e
Shj ct: 1429978 ggcgat ggt gt cgacgcccttgtccttg

at ct t gt ggcaggt gccggt gt aggcgccgggcact gcgaacagcgecactttctt 407
FEEEEEEEEEEEerrerrereer e e e e e e e e e e e ceerer e e e e e e teee
at ct t gt ggcaggt gccggt gt aggcgecggg

Query: 348 at gc
|
caccgcgaacagcgccaccttctt 1430097

I
Shj ct: 1430038 atgc

Query: 408 gccctt gaagat gt cgt cggt ggt ct t cacct gcgggcectt ccgecegt cat cacgcggaa 467
CEEEEEEEEEEEE et et e e e e e e e e e e e e e e e e e e e e e e
Shj ct: 1430098 gcccttgaagat gt cgt cggt ggt cttcacctgcgggecttccgecgt cat cacgcggaa 1430157
Query: 468 tttcgccececgggt agettttcgecagt ct ggat cgccat 506
CEEEEEE Teer Peeer Ceee e e e e e e
Shjct: 1430158 tttcgcctcgggcagett gt cgeccagt ct ggat cgccat 1430196
Protein alignment of bll11317 open reading frame
peroxiredoxin Bradyrhizobium japonicum USDA 110]
Length = 161 Score = 295 bhits (755) Expect = 1e-78
Identities = 146/153 (95%) Positives = 150/153 (98%) Frame=-1

Query: 506 MAI QIGEKLPGAKFRVMIAEGPQVKTTDDI FKGKKVALFAVPGAYTGTCHKMHLPSI FLN 327
MAlI QTG+KLP AKFRVMIAEGPQVKTTDDI FKGKKVALFAVPGAYTGT CHKMHLPSI FLN
Shjct: 1 MAI QT GDKL PEAKFRVMIAEGPQVKTTDDI FKGKKVALFAVPGAYTGTCHKVHLPSI FLN 60
Query: 326 AYAMKDKGVDTI Al VSVYNDAFVIMNAVKRDTDQRDEAI FL ADGNADFAKAI GVELDASGNG 147
AYA+KDKGVDTI Al +SVNDAFVIMNAVKRDTDOQRDEA+FLADGNADF KAl GVELDAS NG
Sbjct: 61 AYAI KDKGVDTI Al | SYNDAFVIVNAVKRDT DQRDEAVFL ADGNADFTKAI GVELDASANG 120
Query: 146 LG RSKRYSM.VEDGVVKKLNLEAMPGKVEVSG 48
LG RSKRYSMLVEDGVVKKLNL EAMPGKVEVSG
Sbj ct: 121 LG RSKRYSM.VEDGVVKKLNLEAMPGKVEVSG 153
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DNA alignment of blr5625 open reading frame
Bradyr hizobium japonicum USDA 110 DNA, complete genome
Length = 9105828 Score = 474 bits (239) Expect = e-130

| dentities = 296/315 (93%)

Query: 47 t cgt ggt caagcgcat cgacgcagaagagaag 106
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||||||

Shjct: 6186325 at gt cgt ggt caagcgcat cgacgcagaagagaag 6186384

Query: 107 accgct ggcggcat cat catt cccgacact gccaaggaaaagccct cccagggcgaagt c 166

, CECCTEETETEEr e e e e e e e e e e e e e e e e e e e e e e e ey
Shj ct: 6186385 accgct ggcggcat cat cattcccgacact gccaaggaaaagccct cccagggcgaagt c 6186444

gacct gaag 226

c
FEETETETT
cgacct gaag 6186504

Query: 167 gt cgcegtt ggcececcggt ggccgcgacgaagccggcaagcet g
CECETEET TEEEE e e e e e e e e e e
Shj ct: 6186445 gtcgccgt cggececccggt ggccgecgacgaagccggcaagcetg

at cccgat
[T
at cccgat
cgacggt cag 286
[

cgacagcgtc 6186564

Query: 227 gt cggcgaccgcegt gect gt t cggcaagt ggt ccggcaccgaggt caagat
CEEEEEEE CEerr e e e e e e e e e e e e e e e e e e e e

Shj ct: 6186505 gt cggcgat cgegt gct gtt cggcaagt ggt ccggcaccgaggt caagat

Query: 287 gacct gct gat cat gaaggagagcgacgt gat gggcgt t ct cgaagt cagcgagt ccaag 346
CETE  Trererr e eeeeer o reeee e eeeee tee e Freer

Shjct: 6186565 gat ctcttgat cat gaaggaaagcgacat cat gggcgt cct cgacgt ccccgcettccaag 6186624

Query: 347 aaggcggcctaa 361

|||||||||||||||
Shj ct: 6186625 aagaaggcggcctaa 6186639

Protein alignment of blr5625 open reading frame
10 KD chaperonin Bradyr hizobium japonicum USDA 110]
Length =104 Score =195 bits (495) Expect = 2e-48

Identities = 98/104 (94%) Positives = 100/104 (96%) Frame = +2

Query: 47 MKFRPLHDRVVVKRI DAEEKTAGA | | PDTAKEKPSQGEVVAVGPGCRDEAGKLI PI DLK 226
Shjct: 1 MKFRPLHDRVVVKRI DAEEKTAGG | | PDTAKEKPSQGEVVAVGPGGRDEAGKLI PI DLK 60
Query: 227 VGRVLFGKWSGTEVKI DGQDLLI MKESDVMGVLEVSESKKKAA 358

Sbjct: 61 VGDRVLFGKWSGTEVKI DSVDLLI MKESDI MGVLDVPASKKKAA 104
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DNA alignment of bl15845 open reading frame
Bradyr hizobium japonicum USDA 110 DNA, complete genome

Length = 9105828 Score = 613 bits (309) Expect =e-172

|dentities = 405/437 (929%)

Query: 45 atgtccggtatcgttctctcctcgtcggttcgt cagaacct gcetctccctccagtccacc 104

CEEEEEEErerere e re te teereee e e e e et et teerrrr e
Shj ct: 6416220 atgtccggtatcgttctctcttcctcggttcgtcagaaccttctttctctccagtccacc 6416161

Query: 105 gctgaccttctcgccaccacacagaaccgt ct gt cgaccggcaagagcgt caact cggec 164

CEEEEEEE eeereree e teer treee e e e e e e e e e e e e
Shj ct: 6416160 gctgacct cct cgccaccacgcagagecgt ct gt cgaccggcaagagegt caact cggec 6416101

Query: 165 gacaat cccaccaacttcttcaccgcccagt cgct cgacaaccgcgccagcgacatc 224

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||||||||
Shjct: 6416100 accgcccagt cgct cgacaaccgcgccagcgacat c 6416041

Query: 225 aacaat ct gct cgacggcat cgccaacggcegt gcaggt gct gcaggccgccaacaccggc 284

CEEEEE TTEEEre et e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 6416040 aacaatttgctcgacggcat cgccaacggcgt gcaggt gct gcaggccgccaacaccgge 6415981

Query: 285 t cgct gcagaagct gat cgacagcgccaagt cgat cgccaaccaggcgct gcag 344
IIIIIIIIIIIIIIIIIIIIIIIIIIII|||| EEEEEEEEEEEEEE e e e e e e

Shjct: 6415980 a ct cgct gcagaagct gat cgacagcgcgaagt cgat cgccaaccaggcgcet gcag 6415921

Query: 345 accaccgt cggct act ccaccaagt ccaacgt ct ccaccacgat t gct ggt gcgacgget 404

CEEEE TEEEEr e e e e e e e e e e e e vt een 1
Shj ct: 6415920 accacggt cggct act ccaccaagt ccaacgt ct ccaccaccat ct cgggt gcgaccgec 6415861

Query: 405 t cggacct gcgt ggcacgaccagt tt caccagcgcggat gcgct gagcaacgt gct ct at 464

e reeeeeer o ver eeerrere rer  reererre
Shjct: 6415860 gct gat ct gcgcggcacgacgagcett cgccagcgcgaccgcgagcagcaacgt ggt gt at 6415801

Query: 465 gcggccggegg 481
_ |||||||||||||||||
Shj ct: 6415800 agcggcgcggccggcgg 6415784
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Protein alignment of bll15845 open reading frame

Bradyrhizobium japonicum USDA 110]

Length = 757 Score = 296 bits (757) Expect = 3e-78
Identities = 193/317 (60%) Positives = 213/317 (67%)

Gaps = 15/317 (4%) Frame = +3

Query: 45 M5G VLSSSVRONLLSLQSTADLLATTONRLSTGKSVNSALDNPTNFFTAQSLDNRASDI 224
M5G VLSSSVRONLLSLOQSTADLLATTQHRLSTGKSVNSAL DNPTNFFTAQSL DNRASDI
Shjct: 1 M5G VLSSSVRONLL SLQSTADL LATTQSRLSTGKSVNSALDNPTNFFTAQSLDNRASDI 60

Query: 225 NNLLDG ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI AGATA 404
NNLLDG ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI +GATA
Sbjct: 61 NNLLDG ANGVQVLQAANTG TSLQKLI DSAKSI ANQALQTTVGYSTKSNVSTTI SGATA 120

Query: 405 SDLRGTITSFTSADAL SNVL YXXXXXXXOOXXXXXXXVQGTNTGT VI NA- - - - - ATTGA 569
+DLRGITSF SA A SNV+Y G T A A TGA
Sbj ct: 121 ADLRGTTSFASATASSNVVYSGAAGGTTAASGTTTLGASI GSFASTGATAGDGTTALTGA 180

Query: 570 SLL---NG TXXXXXXXXXXXXXDTL TVNGKT | XXXXXXXKKXXXXKKXE TTGN 737
L NG T DTLTVNGKTI +GN
Sbj ct: 181 I TLI ATNGTTATGLAGNAQPADGDTLTVNGKTI TFRSGAAPASTAVPSGSG- - - - - VSGN 235

Query: 738 VFTDNSTGNVTVYLGSGTKAAVGDVLTAI DLASGVQ - - - SNVAGTLTVNSGQTI SSVS- 902
+ TD+ GNTVWL S T V D+L+Al DLASGV+ S+ AT+ V++ Q ++VS
Sbj ct: 236 LVTDGN GNTTVYLASAT- - - VNDLLSAI DLASGVKTVSI SSGAATI AVSASQPGAAVST 291
Query: 903 - GGGALVLKSTYGSDLS 950
GA+ LKS+ G+DLS
Shj ct: 292 AAAGAVTLKSSTGADLS 308
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DNA alignment of bsr7532 open reading frame
Bradyr hizobium japonicum USDA 110 DNA, complete genome
Length = 9105828 Score = 456 bits (230) Expect = e-125

Identities = 242/246 (98%) Strand = Plus/ Minus

Query: 51 tcgccgacctt 110
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||||||

Shjct: 8265622 gtt cgccgacctt 8265563

Query: 111 ggat cagct t gccggcect cgt cgcggeccgecggggecgacggcgacgac 170
IIIIIIIIIIIIIIIIIIIIIIIIII CEEEEE TEEEEE e e e e e e e

Shj ct: 8265562 gag t cgggat cagct t gccggt ct cgt cacggccgccggggccgacggcgacgac 8265503

Query: 171 ctcgccct gggacggettttcctt ggeggt gt ccggaat gat gat gccgeccttggtctt 230

_ CEEEEErreeer ceeeeeeeerereeereereeeeeereereeeerrereeree e
Shj ct: 8265502 ctcgccctgggagggettttccttggeggt gt ccggaat gat gat gccgeccttggtctt 8265443

ggcggacgaaatttggattt 290

Query: 231 ttcctcggegt cgat acg
|
agcggacgaaatttggattt 8265383

oO—O0

Shj ct: 8265442 ttcctcggcegtcgatacg

Query: 291 agccat 296

[HTTT
Shj ct: 8265382 agccat 8265377

Protein alignment bsr7532 open reading frame
10 KD chaperonin (protein CPN10) [Bradyr hizobium japonicum USDA110]
Length =98 Score = 162 hits (411) Expect = 9e-39

Identities = 80/83 (96%)  Positives = 81/83 (97%) Frame=-1

Query: 296 MAKSKFRPPHDRVVVKRI DAEEKTKGA | | PDTAKEKPSQGEVVAVGPGGRDEAGKLI Pl 117
MAKSKFRP HDRVVWVKRI DAEEKTKGA | | PDTAKEKPSQGEVWVAVGPGGRDE GKLI P
Shjct: 1 MAKSKFRPLHDRVVWKRI DAEEKTKGG | | PDTAKEKPSQGEVVAVGPGGRDETGKLI P11 60

Query: 116 DLKVGDRVLFGKWSGTEVKI DNK 48
DLKVGDRVLFGKWSGTEVKI DN+
Sbjct: 61 DLKVGDRVLFGKWSGTEVKI DNE 83
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