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ABSTRACT

HEAT SHOCK RESPONSE IN THERMOPLASMA VOLCANIUM:
CLONING AND DIFFERENTIAL EXPRESSION OF MOLECULAR
CHAPERONIN (THERMOSOME) GENES

Doldur, Fiisun
M.Sc., Department of Biology

Supervisor: Prof. Dr. Semra Kocabiyik

December 2008, 239 pages

Chaperonins (Hsp60 chaperones) comprise a class of oligomeric, high-
molecular-weight chaperones that have the unique ability to fold some proteins
that cannot be folded by simpler chaperone systems. The term “thermosome” is
used for molecular chaperonins from Archaeal organisms since they
accumulate to high levels upon heat-shock. In this study first time, we have
cloned and sequenced two Hsp60 subunit genes (o0 and ) from a
thermoacidophilic archaeon Thermoplasma volcanium. For cloning we have
followed a PCR based strategy. Amplification of Hsp60 o gene from
chromosomal DNA of 7. volcanium yielded a product of 1939 bp amplicon
and that of Hsp60 B gene yielded a product of 1921 bp amplicon. After
ligation of the PCR fragments to pDrive vector, recombinant plasmids were
transferred into E. coli TG-1 competent cells and recombinant colonies were
selected by blue/white screening. The cloning of two subunit genes were
confirmed by restriction mapping and by sequencing. Both subunit genes were
then subcloned to pUCI18 vector consequtively to construct a co-expression

vector. Both subunit genes were expressed under control of their own
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promoters leading to production of active Hsp60 chaperonin (thermosome).
Chaperone activity of the recombinant thermosome was shown by using pig
citrate synthase enzyme as substrate. Thermosome induced refolding was
observed when renaturation was carried out at 50°C for 2,5 h. Under this
condition, citrate synthase activities associated with control and test were
AmA412/min:19.0 and AmA4;2/min:24.0 respectively. Clustal W Version 1.82
was used for multiple sequence alignments of Hsp60 o and Hsp60 [ proteins
of T. volcanium and other Hsp60 proteins from various eukaryotes, bacteria
and archaea. The highest sequence similarity was found between a subunit
proteins of 7. volcanium and T. acidophilum (94%) and 3 subunit proteins of 7.
volcanium and T. acidophilum (93%). Clusters of orthologous groups and
conserved domain database searches revealed the phylogenetic relationships
between Hsp60 a and Hsp60 3 subunits of 7. volcanium thermosome and other
Hsp60 proteins from various eukaryotes, bacteria and archaea. Induction of
both subunit genes under heat shock (65°C, 70°C and 75°C for 2h) and under
oxidative stress (imposed by 0,008 mM, 0,01 mM, 0,02 mM, 0,03 mM and
0,05 mM H,0,) conditions was studied by Real-Time PCR technique and
amplified cDNA band density analysis.

Keywords: Thermosome, Chaperonin, Hsp60, Thermoplasma volcanium, heat

shock, oxidative stress
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THERMOPLASMA VOLCANIUM’ UN 1SI SOKU YANITI: MOLEKULER
SAPERONIN (TERMOZOM) GENLERININ KLONLANMASI VE
DEGISIMSEL ANLATIMI

Doldur, Fiisun
Yiiksek Lisans, Biyoloji Boliimii

Tez Yoneticisi: Prof. Dr. Semra Kocabiyik

Aralik 2008, 239 sayfa

Molekiiler saperonlar hiicrede proteinlerin katlanmasi, tasmmasi ve
agregasyonlarinin 6nlenmesi gibi protein yapisini dogrudan etkileyen temel
gorevleri iistlenmistir. Saperoninler (Hsp60 saperonlar1) oligomerik, yiiksek
molekiiler agirlikli saperonlar olup diger saperon sistemleri tarafindan
katlanamayan proteinleri katlama 06zelligine sahiptirler. Is1 soku sirasinda
yiiksek diizeyde sentezlendikleri i¢in arkea molekiiler saperoninleri termozom
olarak da anilir. Bu c¢alismada ilk kez, termoasidofilik bir arkeon olan
Thermoplasma volcanium’ un Hsp60 altbirim genlerini (a ve ) klonladik ve
niikleik asit dizilerini belirledik. Klonlama i¢cin PCR temelli bir yontem izledik.
T. volcanium’ un kromozomal DNA’ sindan Hsp60 o geninin ¢ogaltilmasi ile
1939 bg biiyiikliigiinde, Hsp60 B geni icin ise 1921 bg biiylikliigiinde PZR
iriinii elde edilmistir. PZR amplikonlarinin pDrive vektoriine baglanmasinin
ardindan rekombinant plazmidler E-coli TG-1 kompetan hiicelerine
aktarilmistir ve rekombinant klonlar mavi/beyaz tarama yolu ile se¢ilmislerdir.
Iki altbirim geninin klonlanmas: restriksiyon enzim haritalamasi ve dizi analizi

ile dogrulanmistir. Daha sonra her iki altbirim geni, ardarda bir ko-ekspresyon
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vektori olusturmak tizere pUC18 vektoriine klonlanmistir. Her iki altbirim
geninin, kendi promotorlerinin kontrolii altinda anlatimlar1 gergeklesmis ve
bunun sonucunda etkin Hsp60 saperon (termozom) gerceklemistir.
Rekombinant termozomun saperon aktivitesi domuz sitrat sentaz enzimi
substrat olarak kullanilarak gosterilmistir. 50°C° de 2,5 saat inkiibasyon
sonunda termozomun yeniden katlanma sagladigi gozlenmistir. Bu kosullar
altinda sitrat sentazin etkinligi kontrol ve test i¢in sirasiyla AmAyi2/min:19.0
and AmA412/min:24.0 olarak bulunmustur. Clustal W Versiyon 1.82 programi
kullanilarak 7. volcanium’ un Hsp60 o ve Hsp60 P proteinleri ile farklh
Okaryot, bakteri ve arkea Hsp60 proteinlerinin c¢oklu dizi hizalamasi
yapilmistir. En fazla dizi benzerligi 7. volcanium ve T. acidophilum’un o
(%94) ve B proteinleri (%93) arasinda saptanmistir. Veritabanlarinda ortolog
gruplarin ve korunmus bolgelerin karsilastirmasi, 7. volcanium’ un Hsp60 o ve
Hsp60 B genlerinin c¢esitli 0karyot, bakteri ve arkea Hsp60 proteinleriyle
filogenetik iliskisini ortaya koymustur. Her iki altbirim geninin 1s1 soku (65°C,
70°C ve 75°C sicakliklarda) ve oksidatif stres (0,008 mM, 0,01 mM, 0,02 mM,
0,03 mM ve 0,05 mM H,O, ile olusturulan) ile uyarilmalar1 gercek zamanlh
PZR ve ¢ogaltilmis cDNA bant yogunluk analizi ile incelenmistir.

Anahtar kelimeler: Termozom, Saperonin, Hsp60, Thermoplasma volcanium,

181 soku, oksidatif stres
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CHAPTER 1

INTRODUCTION

1.1 Molecular Chaperones and Protein Folding

Proteins and multiprotein complexes are necessary for all biological activities
and functions (Zhang, et al, 2002). Polypeptide chain is the product of protein
synthesis and it has to possess the unique three-dimensional structure in order
to function in the cell (Walter and Buchner, 2002). Amino-acid sequence of a
polypeptide chain keeps the information which leads to the unique three-
dimensional conformation of the functionally active protein. Protein folding
process utilizes this linear information to form well-defined three-dimensional
conformation (Anfinsen, 1973). Christian Anfinsen, who showed that this
process is autonomous in that it does not need any additional components or
input of energy, was awarded the Nobel Prize for Chemistry in 1972 (Walter
and Buchner, 2002). Although Christian Anfinsen’ s dogma that is “the amino
acid sequence of a polypeptide chain is sufficient to fold to the native state”
still holds, it has become clear that assistance of molecular chaperones is
essential for protein folding in vivo (Hartl, 1996, Klumpp and Baumeister,
1998). In addition, many proteins are partially or completely denatured under
stress conditions. These proteins, then need molecular chaperones to prevent

aggregation and regain their native structure (Hartl, 1996).

Molecular chaperones constitute a complex and sophisticated machinery
(Walter and Buchner, 2002). This machinery of proteins assists polypeptides in
folding, to maintain this functional state or folding-competent state under
circumstances in which they would unfold and aggregate (Ruepp, et al, 2001,
Walter and Buchner, 2002). Molecular chaperones also help polypeptides to
migrate to their destinations (cytosol, organelle, membrane, extracellular
space) in the cell, where they function, and to translocate through membranes.
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They participate in dissolving protein aggregates and in delivering damaged
proteins toward proteolytic machines for degradation (Maeder, et al, 2005 and
Macario and Conway de Macario, 2007). Correct assembly of other proteins is
mediated by molecular chaperones, but they are not components of these
oligomeric assemblies (Ellis, 1993 and Hartl, 1996). Molecular chaperones
carry out these diverse functions by the help of their affinity for the exposed
hydrophobic residues of substrate proteins (Proctor, et al, 2005 and Nixon, et
al, 2005). Interactions of molecular chaperones with exposed hydrophobic
residues of substrate proteins prevent aggregation or incorrect or unwanted
interactions within and between non-native polypeptides (Walter and Buchner,
2002 and Proctor, ef al, 2005). That act of molecular chaperones increases the
yield but do not increase the rate of folding reactions. Thus molecular
chaperones are distinguished from the so-called folding catalysts (Hartl, 1996).
Reactions of molecular chaperones are catalysed by ATP hydrolysis. While
chaperones are functioning, they often bind and release their substrate protein
with each cycle of ATP hydrolysis (Proctor, et al, 2005 and Nixon, et al,
2005). Molecular chaperones are present in the cytosol, mitochondria,
endoplasmic reticulum and nucleus (Proctor, et al, 2005). They interact with
other molecular chaperones since teams of chaperones constitute the

chaperoning mechanism (Macario and Conway de Macario, 2007).

Nucleoplasmin is the first protein to be called as a molecular chaperone. It is a
nuclear protein. Nucleosome assembly is mediated by nucleoplasmin. It
prevents incorrect interactions between histones. It is not a part of the
assembled nucleosomes, neither. The term “molecular chaperone” was chosen

to indicate these features of nucleoplasmin (Laskey, et al, 1978).

Recently, a link between the superficial expression of tyrosine phosphorylated
molecular chaperones and the ability of spermatozoa to bind to the zona
pellucida has been determined. Nixon ef al. hypothesized that the activation of
chaperones, including Hsp60 and endoplasmin, by the tyrosine phosphorylation

events associated with sperm capacitation, triggers proteins to assemble and
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form a zona pellucida recognition complex on the cell surface before
fertilization (Nixon, et al, 2005). This research on molecular chaperones and
chaperone associated proteins in spermatozoa may clarify the potential
importance of these molecules in the assembly and expression of receptor

complexes on the surface of different cell types.

Molecular chaperones also have roles in apoptosis, and take part in modulating
signals for immune and inflammatory responses (Proctor, et al, 2005).
Molecular chaperones usually inhibit apoptosis (Soti, et al, 2003).
Accumulation of sHsps, Hsp60/Hsp10 or Hsp70 and many other heat shock
proteins after mild heat shock or due to cell transfection can overcome both
caspase-dependent and caspase-independent apoptotic stimuli and provide
immortality in several human cell types (Nylansted, et a/, 2000 and Verbeke, et
al, 2001b). However, in nerve and immune cells, overexpression of HSF1,
Hsp70, as well as Hsp90, generates no anti-apoptotic or pro-apoptotic effects
(Galea-Lauri, et al, 1996). As a general anti-apoptotic effect, small heat shock
proteins (sHsps) and Hsp70 inhibit a significant initiation factor of apoptotic
processes (Arrigo, 2001 and Su, et al, 1999). Possible mechanisms for the
attenuation of apoptosis by Hsps are the inhibition of apoptosome formation,
modulation of stress kinase activation and apoptotic signalling molecules,
increase in glutathione levels and/or decrease of protein aggregation. Hsp70
and Hsp90 inhibit apoptosis downstream of mitochondrial cytochrome-c
release by forming a complex with apoptotic protease activating factor (Apaf-
1). This leads to inhibition of association of Apaf-1 with procaspase 9 to form
the apoptosome activating caspase 3 (Bree, ef a/, 2002). Hsp70 inhibits NP¢ B3,
members of stress kinase pathways involved in apoptosis such as SAPK/JINK
and p38 kinase (Gabai, et al, 1997). On the other side, there are examples for
the positive participation of stress proteins in apoptotic signalling. The capacity
of stress proteins may be exhausted due to a strong stress response resulting in
protein misfolding and aggregation. Chaperone overload initiates either cell
cycle arrest or apoptosis by 2 mechanisms: by proteasomal inhibiton and by

induction of the JNK-dependent pathway (Soti, et al, 2003 and Gabai, et al,
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2002). Cytoplasmic translocation of mitochondrial Hsp60 is one of the pro-
apoptotic signals, which (together with that of cytochrome c) promotes the
activation of cytoplasmic caspases, in Jurkat T lymphocytes (Samali, et al,

1999 and Xanthoudakis, et al, 1999).

Many of molecular chaperones are also called heat shock proteins (Hsps)
because expressions of them were found to be induced under increased
temperatures (Ruepp et al, 2001). Molecular masses of the principal heat shock
proteins are between ~15 and 110 kDa and they are divided into families
according to both size and function (Kregel, 2002). According to Winter and
Jakob, major molecular chaperone families include Hspl100/Clp, Hsp90,
Hsp70/Hsp40, Hsp60/Hsp10, small heat shock proteins (sHsps) and Hsp33
(Winter and Jakob, 2004). However, all molecular chaperones are not heat-

shock proteins (Ellis, 1993).

1.2 Chaperones and Disease

Fulfilling diverse functions and existing in the three phylogenetic domains, in
Bacteria, Archaea and Eukarya, indicate that chaperones are essential cellular
components. Chaperone failure will result in serious malfunction (Maeder, et
al, 2005, Macario and Conway de Macario, 2007). When abnormal chaperones
cause a disorder, that condition can be termed chaperonopathy. Williams
syndrome, Charcot-Marie-Tooth disease, certain retinal and eye-lens
pathologies, and several hereditary neuromuscular disorders, progressive motor
neuronophathy, hereditary spastic paraplexia, Kenny-Caffey syndrome, and
distal motor neuropathy are some disorders which are accompanied by
abnormal chaperones or chaperone-like molecules. The chaperones including
Hsp70, Hsp60, Grp75, Grp94 and alpha-B-crystallin have been found increased
or decreased in some neurodegenerative disorders (e.g. Alzheimer’s and
Huntington’s diseases), in certain cardiopathies and in aging (Macario and

Conway de Macario, 2004).



Impairment of the induction of heat shock proteins and a decrease in chaperone
function occur with age. Age-related accumulation of abnormal/damaged
proteins has been implicated in several significant, pathological conditions (e.g.
Alzheimer’s disease, Parkinson’s disease, and cataract) (Proctor, et al, 2005).
This is mostly observed in the nervous system because of the very limited
proliferation potential of neurons (S6ti and Csermely, 2003). Aggregate of
damaged protein may become resistant to degradation, in neurons. This
condition causes neurodegeneration (Proctor, et al, 2005). Other age-related
diseases, such as atherosclerosis and cancer have also been found to be related

to chaperone action (Séti and Csermely, 2003).

The missing or reduced chaperone activity may be the cause of a disease. In
other cases the action of chaperones may be the cause of a disease. Bovine
spongiform encephalopathy or Creutzfeld-Jakob syndrome are examples for
this condition, both are characterized by deposition of fibrillous aggregates of
the prion protein (PrP) in the brain. Involvement of chaperones in mammalian
prion diseases has not been clarified yet. However, in yeast, prion formation
was shown to be critically dependent on the activity of Hsp104. The size and
the number of seeds that are required for fiber polymerization and propagation
seem to be regulated by Hsp104. In this case, inactivation of Hsp104 chaperone
can be a means for treatment (Walter and Buchner, 2002). In addition,
chaperones may be targets for therapeutic agents to control stress-related
disorders and protein-misfolding diseases (Macario and Conway de Macario,
2007). Inhibition or stimulation of chaperone activity may be required for
therapy, depending on their respective participation (Walter and Buchner,
2002). The development of methods that use chaperone genes and their
products in order to prevent and treat disease has recently been called

chaperonotherapy.

The term chaperonology includes the study of normal and abnormal
chaperones in all aspects of structure and function. The study of chaperone

genes in genomes, in other words, chaperonomics; the identification and
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characterization of deficient, pathologic chaperones, namely the
chaperonopathies; and chaperonotherapy are also covered by chaperonology

(Brocchiert, et al, 2007).

1.3 Chaperones in Applied Fields

Formation of inclusion bodies often impair the production of recombinant
proteins in bacteria. Inclusion bodies are large aggregates that is mainly
composed of inactive forms of the overexpressed protein. In some cases, this
problem could be relieved by the simultaneous overproduction of molecular
chaperones. Therefore, molecular chaperones may be employed to optimize
biotechnological processes and to increase the efficiency of production of

recombinant proteins (Walter and Buchner, 2002).

It is expected from several lines of evidence reported in the last few years, that
chaperones and anti-chaperone antibodies will most likely be found useful as
biomarkers of disease (diagnosis), disease progression (or regression), and as

prognostic indicators.

Fields of applied chaperonology-chaperonotherapy and anti-chaperone agents
in industrial organizations, such as those aiming at improving plant and animal
health and growth, are promising. Cultivation of water products (e.g., fish and
shellfish) is one example of industry that can benefit from chaperonotherapy. It
has become necessary to keep and improve the chaperoning systems of the
organisms so they can deal better with stressors (e.g., pollutants) in natural
habitats and in man-made environments such as aquaculture installations. At
the same time, it would be appropriate to deactivate the chaperoning systems of
the parasites that plague the useful species using anti-chaperone agents. Thus,
the development of anti-chaperone agents for downregulating chaperone genes,
or for preventing chaperone functions can be predicted to become an active

field in the next few years (Macario and Conway de Macario, 2007).



1.4 Major Molecular Chaperone Families

The term molecular chaperone defines members of several structurally and
genetically unrelated protein families which share the ability to recognize non-
native conformations of other proteins and interact with them, without being a
part of the final functional structure (Braig, 1998). Co-chaperones together
with Hsp70, form the ‘molecular chaperone machine’. The folding activity of
Hsp70s requires ATP binding and hydrolysis, that are regulated by two co-
chaperones, Hsp40 and GrpE. (Laksanalamai, et al/, 2004). The chaperonins
form a class of oligomeric, high-molecular-weight chaperones that have the
unique ability to fold some proteins that cannot be folded by simpler chaperone
systems. Chaperonins are made up of two-ring assemblies which contain a
central cavity. Unfolded polypeptides bind to this cavity and they reach the
folded state in it. Based on the ability to bind to non-native polypeptides in
their ring cavities, chaperonins promote productive protein folding to the native

state in a highly cooperative, ATP-dependent manner (Spiess, ef al, 2004).

The Hsp100/Clp chaperone family: Hspl100/Clp chaperones operate with
other cellular chaperones and proteases to control the quality and quantity of
many intracellular proteins. Hsp100/Clp family, whose members act in an
ATP-dependent manner, can be divided into two subfamilies: ClpB/Hsp104
subfamily and ClpA subfamily (Maurizi and Xia, 2004). ClpB from E. coli and
Hsp104 from yeast have been reported to dissolve protein aggregates. These
two chaperones need assistance from the Hsp70 system for their function
(Walter and Buchner, 2002). Members of the ClpA subfamily, that contains
ClpA, CIpC, ClpX, and HslIU, have protein unfolding activities. They perform
mainly in conjuction with proteases, such as ClpP and HsIV (ClpQ), to
catalyze ATP-dependent proteolysis (Maurizi and Xia, 2004). The archael
species, which have been sequenced thus far, lack Hspl00 family

(Laksanalamai, et al, 2004).



The Hsp90 chaperone family: Hsp90 chaperones were found in prokaryotic
and eukaryotic organisms, but do not exist in Archaea (Ruepp, et al, 2001).
Hsp90 family proteins are constitutively expressed in the cells, and their
synthesis increases during stress (Brown, et al, 2007). Representatives of the
highly conserved Hsp90 chaperone family are Hsp90 o and B in humans
(corresponding to a major and minor isoform), Hsp86 and Hsp84 in mice,
Hsp83 in Drosophila, Hsc82 and Hsp82 in yeast, HtpG in the bacterial cytosol,
Grp94/gp96 in the endoplasmic reticulum of eukaryotes, and Hsp75/TRAP1 in
the mitochondrial matrix (Young, ef al, 2001). Experiments with mouse L-cells
and cultured rat liver cells suggested that their heat-shock protein is a
phosphoprotein of 90-92 kDa, which functions as a glucocorticoid receptor
(Housley, et al, 1985). Hsp90 functions as a homodimer and associates with
co-chaperones. It facilitates the maturation and/or activation of over 100
substrate proteins. These substrate proteins, which are involved in cell
regulatory pathways, contain protein kinases, nuclear hormone receptors,
transcription factors, and other essential proteins (Brown, et al, 2007). Most of
known substrates of Hsp90 are signal transduction proteins and it is
distinguished from other chaperones in that feature. Hsp90 binds to substrates,
that are at a late stage of folding. It acts as part of a multichaperone machinery
in the cytosol, which includes Hsp70, peptidyl-prolyl isomerases and other co-
chaperones (Young, et al, 2001). Much is known about the ATPase-driven
conformational cycling of Hsp90, but the precise physical effects of this
chaperone that provide activating its substrate proteins are still poorly

understood (Brown, et al, 2007).

The Hsp70 chaperone family: All bacterial and eukaryotic genomes, which
have been sequenced to date, possess the genes for the Hsp70 chaperone family
but most archaea lack these genes. Archaea which possess Hsp70 system
appear to acquire it in independent lateral transfer events into different archaeal
lineages (Ruepp, ef al, 2001). DnaK from E. coli, Hsp72 and Hsp73 from
eukaryotic cytosol, mHsp70 from mitochondria, and BiP from endoplasmic

reticulum are representatives of the Hsp70 chaperone family (Evstigneeva, et
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al, 2001). The Hsp70 chaperone family, which is the most highly conserved
molecular chaperone family, acts on nascent chains during de novo protein
folding, participates in the prevention of protein aggregation in a variety of
post-translational processes, including protein targeting and membrane
translocation, protein degradation and cellular apoptosis (Barral, ef al, 2004). It
is involved in the protection of stress-denatured proteins from aggregation and
in the disassembly of protein complexes (Ruepp, et al, 2001). Moreover,
Hsp70 chaperones arrange signal transduction pathways by controlling the
stability and activities of protein kinases and transcription factors. They refold
even aggregated proteins, in co-operation with Hsp100 proteins, as part of their
protein quality control function (Erbse, ef al, 2004). Binding and release of
short hydrophobic stretches in partially folded polypeptides seems to be the
common function of Hsp70 chaperones in the above mentioned chaperoning
processes (Walter and Buchner, 2002). This interaction is controlled by ATP
and by different co-chaperones. Co-chaperones regulate the ATPase cycle
(Erbse, et al, 2004). The most extensively studied member of this chaperone
family is the DnaK protein from E. coli (Walter and Buchner, 2002). The
Hsp70 chaperone family is composed of Hsp70 (DnaK), Hsp40 (Dnal), and
Hsp23 (GrpE). These components do not form a stable high-molecular-weight
complex, they interact transiently (Ruepp, ef al, 2001). The action mechanism

of E.coli DnaK chaperone system is explained in the Figure 1.1.

Hsp60 chaperone family: Members of the Hsp60 chaperone family are also
called chaperonins and they are found in almost all organisms (Laksanalamai,
et al, 2004). The only exceptions, which do not possess genes for Hsp60
chaperones, are two mycoplasma species known to date (Lund, et al/, 2003).
The chaperonin family of molecular chaperones was identified by
Hemmingsen et al (1988) (Hemmingsen, et al, 1988). The chaperonins
promote the ATP-dependent folding of proteins, both under normal growth
conditions and under stress (Hartl, 1996). Hsp60 chaperones do not directly
interact with nascent chains at the ribosome level. Hsp70 and Hsp60 chaperone

systems have been suggested to form a lateral network of cooperating proteins
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(Braig, 1998). Until recently GroEL of Escherichia coli has been the focus of
most structural studies on chaperonins. However, the results achieved from this
particular system can not be generalized to all chaperonins (Klumpp and

Baumeister, 1998).

Figure 1.1 E.coli DnaK chaperone cycle. A largely unfolded polypeptide
substrate (black ribbon) is captured by the co-chaperone Dnal (blue). Upon
complex formation with DnaK (red), the substrate is transferred from Dnal to
the peptide-binding site of DnaK (step 1). DnalJ-stimulated hydrolysis of ATP
(T) closes the binding site (orange conformation of DnaK) and locks in the
substrate, therefore forming a stable protein/DnaK complex (step 2). After the
dissociation of Dnal, the bound ADP (D) is displaced by the nucleotide
exchange factor GrpE, depicted in green (3). Subsequent binding of ATP to
DnaK releases GrpE and induces a conformational change that opens the
peptide binding site (4). Thus, the polypeptide can dissociate (from Walter and
Buchner, 2002).
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Members of Hsp60 chaperone family can be divided into two groups based on
both function and homology: Group I chaperonins and Group II chaperonins.
Group I chaperonins, such as GroEL of E.coli, need to cooperate with a co-
chaperone such as GroES (Walter and Buchner, 2002). They are found in
bacteria (GroEL), in the mitochondria (hsp60 in mitochondrial matrix) and the
chloroplasts (Rubisco-subunit-binding protein, RBP) of eukaryotic cells
(Carrascosa, et al, 2001). Methanosarcina species, as an exception in archaea,
also possess GroEL/GroES chaperoning system (Conway de Macario, et al,
2003). Group II chaperonins do not require a co-chaperone. They are found in
the cytosol of archaea and eukaryotes (Walter and Buchner, 2002). Although
group I and group II chaperonins share only 20-25 % amino acid sequence
identity, they are very similar in basic architecture. Both group I and group II
chaperonins assemble to form multisubunit oligomers. These oligomers
possess double-ring quaternary structures (Archibald, et al, 2001). Group 1
chaperonins, such as GroEL consists of two seven-membered rings (Braig,
1998), while Group II chaperonin complexes consist of eight- or nine-
membered rings (Klumpp and Baumeister, 1998). All chaperonins provide
large seperate cavities for incompletely folded proteins. Thus, these proteins
are protected from harmful interactions in the crowded milieu of the cytosol

(Klumpp, et al, 1997).

Small Heat Shock Protein Family: Small heat shock proteins (sHsps) are the
most widespread but also the most poorly conserved family of molecular
chaperones (Haslbeck, et al, 2005 and Winter and Jakop, 2004). Members of
the sHsp family exist in all kingdoms except in some pathogenic bacteria such
as Mycoplasma genitalium and Helicobacter pylori (Haslbeck, et al, 2005).
Hsp16.9 from wheat, Hsp26 from Saccharomyces cerevisia, and Hsp 16.5 from
methanogenic archaeon Methanococcus jannaschii are some representative
members of sHsp family and they are temperature regulated (van Montfort, et
al, 2001, Haslbeck, et al, 1999 and Bova, et al, 2002). Members of the sHsp
superfamily are diverse in sequence and size, however most of them share

characteristic features. These features include a conserved a-crystallin domain
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of ~90 residues, a small molecular mass of subunits ranging between 12 kDa
and 43 kDa, formation of large oligomers, a dynamic quaternary structure and
induction by stress conditions and chaperone activity in preventing protein
aggregation (Winter and Jakop, 2004 and Haslbeck, et a/, 2005). One sHsp-
complex can bind and stabilize several non-native substrates and Hsp70 and/or
chaperonin is thought to perform in following refolding process (Barral, et al,
2004). Despite reports of ATP-binding by a-crystallin, the regulation of sHsp
chaperone activity seems to be independent of ATP (Winter and Jakop, 2004
and Haslbeck, ef al, 2005).

Hsp33 chaperone family: Hsp33 protects bacterial cells against oxidative
stress. It represents a group of proteins which are regulated by cellular redox
status. Cellular functions, like transcription, apoptosis and cellular signaling,
are affected by the intracellular redox status. Over 20 homologs of Hsp33 were
identified from several bacterial species. These proteins do not show sequence
homology to known heat shock protein families (Kim, et al, 2001). All
members of this family are highly conserved. They include four cysteine
residues rapidly respond to shifts in the redox environment in the mechanism
of function (Evstigneeva, et al, 2001). Hsp33, which prevents aggregation of
partially denatured proteins during oxidative stress, possesses a unique
chaperone activity among heat shock proteins since its activity is reversibly
regulated by cellular redox status. The chaperone activity of Hsp33 is induced
by oxidizing agents, whereas Hsp33 is turned off by reducing agents in vitro.
When reducing agents turn off Hsp33, it results in a regeneration of the
dormant protein (Kim, et a/, 2001). Hsp33 exists in more than 120 prokaryotic
organisms. It has also been found in two eukaryotic organisms,
Chlamydomonas reinhardtii and Dictyostelium discoideum. Hsp33 seems to be
the only known molecular chaperone in E. coli, which is specifically induced

under combined oxidative and heat stress (Winter and Jakop, 2004).
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Extracellular Chaperones: Molecular chaperones have traditionally been
considered to exist only inside cells. However, there is accumulating evidence
showing that chaperones also exist on the cell surface, the extracellular space,
and in serum and cerebrospinal fluid. Based on the information from studies on
importance and functions of extracellular chaperones it is noteworthy to
mention that circulating chaperones can bring out production of anti-chaperone
antibodies as an autoimmune response. Anti-chaperone antibodies have been
determined to exist in patients with some type of cancers, diabetes, and HIV
infection. It is not obvious yet what role the anti-chaperone antibodies play.
They may take part either in pathogenesis or in protection of the body against

disease initiation and progression (Macario and Conway de Macario, 2007).

Prefoldins: Prefoldin, a ~90k-Da complex, also known as the Gim complex
(genes involved in microtubule biogenesis, GimC), is a hexameric molecular
chaperone complex and is present in all eukaryotes and archaea (Siegert, et al,
2000). Prefoldin subunits are subdivided into two classes, namely o and .
Archaea possess one member of each class (PFDa and PFDf3), and eukaryotes
have 2 different but related subunits of the a class and four related subunits of
the B class (Hartl, et al, 2002 and Leroux, et al, 1999) (Figure 1.2). The crystal
structure of prefoldin displays a unique quaternary structure that is different
from other chaperones and it therefore forms a novel class (Zhang, et al, 2002).
The structure of prefoldin resembles that of a jellyfish, with six oa-helical
coiled-coil tentacles protruding from a B-barrel body. The distal regions of the
coiled coils expose hydrophobic regions for the binding of nonnative protein
(Siegert, et al, 2000). Unlike Hsp70 and the chaperonins, prefoldin is a novel
class of chaperone that is ATP independent. For at least some substrates, group
IT chaperonins seem to employ prefoldin as a delivery agent, in both archaea
and the eukaryotic cytosol. It makes direct physical interaction with the
chaperonin to deliver substrate, and it uses multiple interaction sites for
substrate binding to protect non-native polypeptide from aggregation before

transferring it to other chaperones for completion of folding (Zhang, et al,
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2002). In eukaryotes, prefoldin appears to enhance the efficiency of the overall
folding of its preferred substrates, actin and tubulin, presumably by providing
efficient delivery (Siegers, et al, 1999). Prefoldin is suggested to fulfill an ATP
independent, Hsp70-like function in archaeal de novo protein folding, since

Hsp70 chaperones are absent in many archaea (Leroux, ef al, 1999).

Figure 1.2: (Left) Side view and dimension of the structure of archaeal
prefoldin with the two a subunits displayed in gold and the four B subunits in
gray. (Right) Bottom view of the prefoldin complex showing the central space
enclosed by the six coiled-coil segments. Surface representation is shown with
hydrophobic patches in yellow and hydrophilic regions in gray (from Hartl, et
al, 2002).

1.5 Structural and Functional Comparison Between Group I and Group II

Chaperonins

All chaperonins are large oligomers which are comprised of protein subunits
with molecular masses of about 60 kDa. These oligomers are built up in the
shape of a toroid and usually consist of two rings placed back-to-back. Each
oligomer subunit in every chaperonin has a similar structure, arranged into
three domains: the equatorial domain, the intermediate domain and the apical

domain (Figure 1.3).
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Figure 1.3 Architecture of chaperonins. (A) Side view of the 7. acidophilum
thermosome (Ditzel, et al., 1998). Equatorial domains are shown in red,
intermediate domains are in green, and apical domains are in yellow. (B) Top
view showing only the apical domains. (C) Side view of the asymmetric
GroEL-GroES complex (Xu, ef al.,, 1997), colors as in (A). (D) View of the
cis-ring with apical domains in yellow and GroES in gray. (E) Domain
arrangement in the thermosome; Asp390 contributes to the active site. (F)
Domain arrangements in GroEL: (left) substrate binding trans-ring; Asp398 is
far away from the active site; (right) ATPase active cis-ring with Asp398 at the
active site. Nucleotides are depicted as ball model (from Steinbacher and

Ditzel, 2001).
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The equatorial domain keeps the nucleotide binding site and most of the
interactions between the subunits of the same ring and those of the opposing
ring. The intermediate domain functions as a transmitter of the conformational
changes produced upon nucleotide binding between the equatorial domain and
the apical domain. Substrate binding takes place in the apical domain (Goémez-
Puertas, ef al, 2004). Firstly, nonnative substrate protein is caught by way of
hydrophobic contacts with multiple chaperonin subunits. It is then moved into
the central ring cavity. It folds and is protected from aggregating with other

nonnative proteins in the central cavity (Hartl, ez a/, 2002).

Group I chaperonins are found in bacteria, some eukaryotic organelles and only
one archaea i.e. Methanosarcina and they are known as GroEL proteins
(Laksanalamai, et al, 2004). GroEL is composed of two seven-membered rings
which are stacked back-to-back (Braig, 1998). In GroEL, subunits are identical.
Each subunit is 57 kDa and is composed of three domains, as mentioned.
GroES is a homoheptameric ring of ~10 kD subunits. Substrate proteins up to
~60 kDa can be encapsulated and they are free to fold in the GroEL-GroES
cage. The GroEL-GroES cage is also termed “Anfinsen cage” (Hartl, et al,
2002). The ATPase cycle of GroEL controls cycles of alternate binding and
release of both substrate polypeptide and GroES. Kinetic studies have shown
positive cooperativity of ATP binding and hydrolysis within the rings and
negative cooperativity between the rings. EM and biochemical studies reveal
negative cooperativity of substrate and GroES binding; once one ring is
occupied, the second one has a much lower affinity for the same ligand
(Roseman, et al, 1996). They do not exist in the same nucleotide-bound state.

Thus, GroEL is functionally asymmetrical (Hartl, et a/, 2002).

The chaperonin reaction starts with the binding of substrate polypeptide to the
free end (i.e., the trans ring) of a GroEL-GroES complex (Hartl, et al, 2002)
(Figure 1.4). Within a ring there is cooperative binding of ATP by the seven
equatorial sites, with an obvious Ky of ~10 uM. ATP binding triggers small
rigid body movements of the intermediate and apical domains in the ring to
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which it binds. This allows GroES association, which is followed within a
second by much larger rigid body movements of the GroEL intermediate and
apical domains, and this step results in the end-state GroEL-GroES complex.
The GroEL apical domains are elevated by 60 degrees and twisted 90 degrees
clockwise, in order to remove the hydrophobic binding surface from facing the
cavity. Associated with these large movements, a substrate protein, initially
captured on the hydrophobic cavity wall of an open GroEL ring, is rapidly
transferred into the central cavity of the now hydrophilic GroEL-GroES cis
cavity, where it begins to fold (Horwich, et al, 2006). These changes after
GroES binding cause an enlargement of the cavity and a shift in its surface
properties from hydrophobic to hydrophilic ones (Hartl, et al/, 2002). The
hydrophilic nature of the walls of the cavity may facilitate the folding of the
substrate protein. Being surrounded by hydrophilic walls of the cavity may
hasten the burying of hydrophobic residues. Completion of this step lowers the
tendency of proteins to aggregate (Lund, et al/, 2003). Folding proceeds until
the hydrolysis of the seven ATP molecules in the cis ring is completed, for
nearly 10 seconds. At the end of this period, completion of ATP hydrolysis
serves to weaken the association of GroES with GroEL, and GroES, substrate
polypeptide and ADP are released. Both folded and nonnative proteins are
released at this point (Figure 1.4). The physiological trigger to such release is
the binding of ATP in the opposite ring. Moreover, the additional binding of
non-native polypeptide to the opposite ring accelerates release (Hartl, ef al,

2002 and Horwich, et al, 2006).

In summary, the GroEL protein operates as a two-stroke engine (Lund, et al,
2003). Folding cycles are repeated till the substrate protein acquires its native
state (Hartl, et al, 2002). ATP hydrolysis in one ring is essential to promote
ATP binding to the opposite ring. ATP binding to the opposite ring triggers
GroES and substrate release. Thus, negative cooperativity between the two

rings of GroEL enables the system turn over (Gutsche, et al, 2001).

18



GroEL interacts with a wide variety of newly synthesized proteins in vivo
(Carrascosa, et al, 2001). Substrates for the GroEL protein in E. coli contain
several metabolic enzymes, RNA polymerase subunits, and other proteins
involved in transcription and translation. However, all the substrates for GroEL
have not been fully defined yet (Lund, ef al, 2003). It has recently been
suggested that most of the substrates which interact in vivo with GroEL possess
a common structural motif: two or more domains with o—f3 folds with extended
hydrophobic surfaces (Carrascosa, et al, 2001). Heat-shock strongly induces
expression of the GroEL protein. The signal for this induction is the presence

of unfolded proteins in the cell (Lund, et al/, 2003).

Group II chaperonins are found in Eukaryotes and in all of the Archaea that
have been sequenced so far (Laksanalamai, et al, 2004). Eukaryotic
representative for group II chaperonins is TriC/CCT. In thermophilic or
hyperthermophilic archaea, such as Thermoplasma spp., Sulfolobus spp., or
Pyrococcus spp., group II chaperonin complexes are also known as
thermosomes, archaeosomes or rosettasomes (Quaite-Randall, et al, 1995,
Phipps, ef al, 1993 and Laksanalamai, et al, 2004). Group II chaperonins, such
as TriC/CCT in eukaryotic cells and the thermosome in archaea, consist of
eight- or nine-membered rings (Archibald, ef al, 2001 and Spiess, et al, 2004).
Group I chaperonins require cooperation with co-chaperones of the GroES or
Hspl0 family, as mentioned before. GroES functions as a lid which closes the
cavity of the ring it is bound to (Walter and Buchner, 2002 and Hartl, et al,
2002). No such co-chaperone exists in the group II chaperonins. Instead, group
IT chaperonins contain a built-in lid. It is an extension of the apical domain
which is called the helical protrusion (Archibald, et al, 2001) (Figure 1.5).
Recent evidence reveals that the function of this group II chaperonin’s ‘built-in
lid’ is controlled by ATP binding and hydrolysis (lizuka, et al/, 2003). In
addition, this region contains conserved hydrophobic residues, which indicates
that it might serve as an initial substrate-binding domain (Ditzel, et al/, 1998

and Laksanalamai, et al, 2004). Protein cofactors which have no evident
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homologs in the bacterial system are known to interact with group II

chaperonins (Archibald, et al, 2001).

ATP binding l T ATP hydrolysis ATP binding & 1 ATP hydrolysis

Group Il

Figure 1.5: Comparison of the basic conformations of group I (GroEL/GroES)
and group II chaperonins about the functional cycle. For simplicity the figures
of the chaperonin-substrate complexes show only single rings (from Klumpp

and Baumeister, 1998).

The functional results of ATP binding and hydrolysis for folding of substrate
protein seem to have been conserved between the catalytic cycles of group I
and group II chaperonins. However, the influences of nucleotides on the
overall structure of the two chaperonin groups are obviously different. The
substrate binding ground state of the thermosome learned from cyro-EM
observations is open and contracts upon ATP binding to generate the closed
conformation. Opposingly, GroEL binds its substrates in a compact
conformation, and ATP causes its apical domains to move toward the outside
to provide binding of GroES and hence closure of the cavity (Klumpp and
Baumeister, 1998).
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1.6 Group II Chaperonins in Archaea and Eukaryotes

Archaea include between one and three chaperonin genes as shown by genome
analysis. Methanosarcina acetovirans, as an exception, possesses five
chaperonin genes (Lund, et a/, 2003). Subunits of archaeal chaperonin are
arranged in eight- or nine-membered rings (Hartl, et a/, 2002). Thermophilic
factor 55 (TF55) from Sulfolobus shibatae and the thermosome from
Pyrodictium occultum are the first characterized group II chaperonins in
Archaea (Andrd, ef al, 1996). Thermosomes in many archaea, for example in
Pyrodictium occultum, Thermoplasma acidophilum and Thermococcus are
made up of two subunits (Phipps, et al, 1991, Ditzel, et al, 1998 and Yoshida,
et al, 1997). In hyperthermophiles, at most of three distinct, but sequence-
related, hsp60 chaperonin-encoding genes were reported in the archaeon
Sulfolobus shibatae, as in Sulfolobus solfataricus and Sulfolobus tokodaii
(Kagawa, et al, 2003 and Laksanalamai, et a/, 2004). Since the majority of
group II chaperonins in Archaea have eight subunits per ring and are generally
referred to as ‘thermosomes’, chaperonins in Sulfolobales are referred to as
‘rosettasomes’ by Kagawa et al to distinguish them from thermosomes.
Rosettasomes are two nine-membered rings made up of three different 60 kDa
subunits (TF55a, TF55B and TF557y) in the Sulfolobales family (Kagawa, et al,
2003). However, Methanococcus jannaschii possesses only one thermosome
gene. The thermosomes from Methanopyrus kandleri and Desulfurococcus sp.
also seem to be homooligomers (Andri, et al, 1996, Klumpp and Baumeister,
1998). Regulation of chaperonins by heat shock was revealed in Pyrodictium

occultum and S. shibatae (Phipps, et al, 1991 and Trent, et al, 1994).

The in vitro chaperone activities of several archaeal chaperonins have been
demonstrated using model substrates. Furutani et al. (1998) reported that the
recombinant Methanococcus thermolithotrophicus thermosome (the MTTS)
complex assisted the refolding of chemically denatured thermophilic archaeal
citrate synthase and glucose dehydrogenase at 50°C in an ATP-dependent

manner (Furutani, et al, 1998). Yan et al. (1997) reported that the recombinant
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chaperonin B subunit of Pyrococcus sp. strain KOD1 (CpkB) represses the
thermal denaturation and increases thermostability of Saccharomyces

cerevisiae alcohol dehydrogenase (Yan, ef al, 1997).

The term “thermosome” has been chosen because of its accumulation to high
levels upon heat-shock and the extreme temperature profile of this ATPase
(Phipps, et al, 1993, Klumpp and Baumeister, 1998). This term was first used
to define the chaperonin from Pyrodictium occultum (Phipps, et al, 1993,
Klumpp and Baumeister, 1998).

Group I and group II chaperonin subunits share a similar basic structure that
are composed of three domains: an equatorial ATP-binding domain; an apical
domain which is involved in substrate binding; and a central hinge domain that
provides communication between the equatorial domain and the apical domain.
The equatorial domain is relatively conserved among the paralog subunits.
Most sequence divergence exists in the apical domains, which are thought to
possess the substrate binding sites (Spiess, et al, 2004). The crystal structure of
the thermosome, a group II chaperonin from Thermoplasma acidophilum,
serves a clue to the absence of a GroES cofactor because the complex appears
to contain a ‘built-in’ lid (Ditzel, ef a/, 1998). Each subunit of the thermosome
complex can be superimposed onto a GroEL subunit, with the exception of an
additional loop protruding from the tip of the thermosome apical domain. In
the crystal, the apical protrusions form an iris-like lid structure which restricts
access to the cavity. This crystal structure also indicates that the central
chamber could encapsulate a polypeptide of up to 50 kDa in the closed state
(Ditzel, et al, 1998). The apical protrusions have also been shown to possess a
GroES-like function, acting as a built-in lid that opens and closes during the

ATPase cycle of TRiC (Meyer, ef al, 2003).

Group II chaperonin of the eukaryotic cytosol is called TriC (TCP-1 ring
complex) or CCT (chaperonin-containing TCP-1) (Klumpp and Baumeister,

1998). TCP-1 (tail-less complex polypeptide-1) is one of the eukaryotic
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cytosolic chaperonin with eight different but related subunits (Zhang, et al,
2002, Klumpp and Baumeister, 1998). Subunits differ in their apical, substrate-
binding domains. Each subunit has an additional o-helical protrusion. The
mechanism of group II chaperonins is less well understood than that of group I
chaperonins. It is proposed that after binding to substrate, an ATP-driven
folding cycle similar to that of GroEL induces encapsulation of the substrate.
Encapsulation of the substrate is achieved by rearrangements of the apical
domain protrusions (Barral, et a/, 2004). The binding of ATP to CCT causes
apparent structural changes as observed in electron microscopy studies.
Structural changes include the equatorial and apical domains of the cis ring.
These changes lead to an asymmetric particle. The change in the equatorial
domain has not been observed as in GroEL, and it could be associated with

differences in the inter-ring communication between both chaperonin types.

The apical domain rotates and the equatorial domain moves upward towards
the axis of the particle. That shift is distinct in magnitude regarding the small
change undergone by the corresponding GroEL domain upon ATP binding
(Carrascosa, et al, 2001).

TRiC/CCT may also participate co-translationally in the folding of distinct
protein domains. The cytoskeletal proteins, actin and tubulin, are the main
substrates for TRIC/CCT. A wider set of newly synthesized proteins
comprising WD40 B-propeller proteins from the yeast cytosol, the von Hippel-
Lindau tumor suppressor protein, luciferase, Ga-transducin and cyclin E have
recently been shown to interact with TriC/CCT (Barral, et al, 2004). Certain
sequences of the substrate protein for TriC/CCT interact with specific domains
of a particular subunit of the chaperonin. This type of interaction restricts the
function of TriC/CCT to much more specific substrates (Carrascosa, et al,
2001). Some reports suggest that TriC/CCT functions in recovery after heat-
shock and related chemical stress. The upregulation of TriC/CCT is proposed
to be mediated by the HSE (heat-shock element)-HSF (heat shock transcription
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factor) system. However, some reports suggested TriC/CCT not to be
upregulated by heat-shock. It is concluded that induction of TriC/CCT by stress
may be dependent on the type of stress, cells, organisms or other environmental

conditions (Kubota, ef al, 1999).

Group II chaperonins exist at low levels in eukaryotic cytosol. All eight of the
subunits are encoded by a seperate gene and each type of subunit holds a

distinct position (Lund, et al, 2003, Klumpp and Baumeister, 1998).

1.7 Structures and Functions of Hsp60 Chaperones in Archaea

The chaperonin complex is the most plentiful protein in heat-shocked cells in
the thermophilic archaeon Sulfolobus shibatae, including up to 40% of the total
cellular protein (Trent, ef al, 1991).

The mechanisms of action of several archaeal chaperonin complexes, including
those from Sulfolobus shibatae and Thermoplasma acidophilum have been
investigated. The chaperonin complex from S. shibatae has a bitoroidal
structure (Laksanalamai, et al, 2004). As mentioned before, this chaperonin
complex is made up of three subunits and it is also called “rosettasome” or
“TF55”. Kagawa, et al (2003) reported that in vivo rosettasomes were hetero-
oligomeric with an average subunit ratio of la:1p:0,1y in cultures grown at
75°C, a ratio of la:3B:1y in cultures grown at 60°C and a ratio of 2a.:33:0y
after 86°C heat shock. Authors also reported about rosettasome that alpha and
beta gene expression was induced by heat shock and decreased by cold shock.
Expression of the gamma gene was reported to be undetectable at heat shock
temperatures and low at normal growth temperatures, but it was increased by
cold shock (Kagawa, ef al, 2003). Presumably, variants of this thermosome that
contain the third subunit (y) are specialized to cope with protein-folding
problems which occur in suboptimal growth temperatures (Laksanalamai, et al,
2004). It is proposed that, in vivo, the rosettasome structure is determined by

the relative abundance of subunits. Therefore, it can not be determined by a
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fixed geometry (Kagawa, et al, 2003). The chaperonin complex from S.
shibatae resembles the eukaryotic Hsp60, and alternates between a closed and
an open complex. Closed complexes open after ATP binding, and the subunits
dissociate when the bound ATP is hydrolysed (Laksanalamai, et al, 2004). The
thermosome protein from S. shibatae also forms interesting filamentous
structures in vitro, and possibly in vivo. Detection of these filamentous
structures has led to suggestions that thermosomes have other functions in
addition to assisting protein folding. The filaments have been proposed to
constitute part of the prokaryotic cytoskeleton (Trent, et al, 1997).
Furthermore, it was reported that, the chaperonins from S. shibatae are
membrane associated, and might act in minimizing membrane permeability at
lethal temperatures (Trent, et al, 2003). Nakamura, et al. (1997) reported
molecular cloning of the gene for and purification of the group II chaperonin
from the thermoacidophilic archaeon Sulfolobus sp. strain 7. Although the
chaperonin complex seemed to be a homooligomer, the authors afterwards
found that it is composed of two kinds of subunits with almost the same
molecular weights. The purified Sulfolobus chaperonin displayed weak ATPase
activity. In the same study, the effect of Sulfolobus chaperonin on the refolding
of the chemically denatured lactate dehydrogenase (LDH) was studied. The
recovery of LDH activity was found significantly lower than that of
spontaneous refolding in the presence of the Sulfolobus chaperonin (Nakamura,

et al.,1997).

The thermosome of 7. acidophilum 1s made up of two subunits, namely o and
[ subunits. Alpha and  subunits of Thermoplasma acidophilum thermosome
exhibit approximately 60% sequence identity (Nitsch, et al, 1997). The
arrangement of the two subunits in the thermosome from 7. acidophilum was
identified by cryo-electron microscopy (Klumpp and Baumeister, 1998). A
four-fold symmetry was revealed in the native hetero-oligomeric o+f3
thermosome from 7. acidophilum. However, in the recombinant,

homooligomeric a-only thermosome, expressed in E.coli, displayed eight-fold
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symmetry. These findings proved that o and B-subunits alternate within two
identical rings of the Thermoplasma thermosome (Nitsch et al., 1997). The
subunit arrangement was similar to the one revealed in the eukaryotic cytosolic
chaperonin TriC/CCT. In TriC/CCT both rings include all eight subunits and
the subunits hold distinct positions (Liou and Willison, 1997). Recent data
shows that ATP binding to a- and o thermosomes is adequate to induce their
closure at physiologically relevant temperatures (Gutsche, et al., 2001). Like
all other thermosomes, both a- and af-thermosomes from 7. acidophilum
show a significant temperature dependence for their ATPase activity. The
upper limit is achieved close to 60°C, which is the optimum growth
temperature of the organism. The native thermosome hydrolyzes ATP about
threefold faster than the homo-oligomeric thermosome and the rate limiting
step seems to differ in the two cases. The rate-limiting step in the ATP
hydrolysis cycle of the a-only thermosomes from 7. acidophilum and of group
I chaperonins is the cleavage of the y-phosphate bond, however for the native
o-thermosomes from 7. acidophilum, the slowest step is the post-hydrolysis
isomerisation into a ‘“closed” ADP*Pi species (Gutsche, ef al, 2000b). A
recent cryoEM analysis of the a-thermosome determined a mixture of three
conformations: open (43%), closed (30%), and asymmetric (20%), with one
ring open and the other closed (Figure 1.6). Nucleotide binding pockets are
closed by the intermediate domains in the closed rings, but the pocket is
accessible in the open rings (Schoehn, et al,, 2000). Waldmann, et al. (1995)
reported that co-expression of the two genes which encode the o and f
subunits of the 7. acidophilum thermosome in E. coli produced wholly
assembled hetero-oligomeric (a+B) complexes. Separate expression of both
genes brought about formation of hexadecameric complexes in the bacterial
cytoplasm. The native thermosome and the recombinant a-complex were
dissociated and observed to reassemble in vitro in the presence of Mg-ATP

(Waldmann, ef al., 1995).
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Figure 1.6: General architecture of group II chaperonins. a) Ribbon diagram of
an o subunit of the thermosome from Thermoplasma acidophilum. The
equatorial ATPase domain (red) is linked to the substrate-binding apical
domain (yellow) by a flexible hinge or intermediate domain (blue). The helical
protrusion, which is unique to group II chaperonins, is in green. b) Side view of
the closed conformation observed in the X-ray structure of the thermosome,
with subunit domains coloured as in (a) (Ditzel, et al, 1998). Viewed from the
side, the oligomeric structure is formed by two octomeric rings. In TCP-1 ring
complex (TriC), each ring is composed of eight subunits. ¢) Top view of the
closed thermosome structure that emphasizes how the apical protrusions close
into an iris-like lid (Ditzel, et al, 1998). For clarity, only apical domains are
shown, with one domain in red. d) Bead models of the ATP-induced transition
from the open to closed state for group II chaperonins. The model of the
nucleotide-free, open state (left) is based on electron tomographic studies on
the thermosome. The closed state is from the X-ray structure of the
thermosome and supposedly reflects the ATP-induced state (from Spiess, et al,
2004).
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Kawashima, et al. (2005) reported identification of proteins present in the
archaeon Thermoplasma volcanium cultured in aerobic and anaerobic
conditions. 7. volcanium is one of a small number of archaea able to live in
both aerobic and anaerobic environments. Under the aerobic condition,
proteins expressed in larger quantities were identified as types of proteins
reducing active oxygens and the archaeal chaperonin (Kawashima, et al.,

2005).

Andri et al. (1996) have isolated the thermosome from the hyperthermophilic
methanogen Methanopyrus kandleri. They suggested that the thermosome of
the M. kandleri seems to be a homo-oligomer comprised of two 8-fold
symmetric rings. Trial of authors to determine a second subunit in the
thermosome complex have failed (André, ef al, 1996). This is in contrast to the
chaperonins from Pyrodictium occultum and Thermoplasma acidophilum

which have two subunits in 1:1 subunit stoichiometry (Yoshida, ef al, 1997).

The thermosome of Pyrodictium occultum is an abundant component of the
cytoplasm. It is composed of two subunits, a and [, which constitute a
hexadecameric double ring complex. Minuth, et al, (1998) produced the two
subunits jointly and separately in E. coli. They have isolated soluble, high-
molecular-mass double-ring complexes of recombinant chaperonins from E.
coli in all three cases. All three recombinant complex species, namely
recombinant all-o,, recombinant all-f3, and recombinant a3, exhibited ATPase
activity. Furthermore, they could demonstrate that the recombinant complexes
slow down the aggregation of citrate synthase, alcohol dehydrogenase, and
insulin. Therefore, it was concluded that the recombinant protein complexes
possess a chaperone-like activity, interacting with non-native proteins. They
exhibit this chaperone-like activity at temperatures below the lower
physiological limit of growth (Minuth, et al, 1998). Phipps, et al. (1991)
reported that double rings are composed of eight subunits each and the rings
surround a central channel. Thermosome purified from the hyperthermophile
P. occultum consists of equal amounts of two subunits. Molecular weights of
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the two subunits are 56 kd and 59 kd. The complex was found to be a very
thermostable ATPase. It accumulates as a consequence of heat shock. Using
antiserum, raised against the P. occultum ATPase complex, presence of
immunologically related proteins in a wide variety of thermophilic,
hyperthermophilic Archaea and in E. coli has been displayed. Immunoblotting
results indicated a positive cross-reaction with the most thermosome antibodies
of the extremely thermophilic archaea tested and a strong cross-reaction with
Archaeoglobus fulgidus and T. acidophilum antibodies. Little or no signal was
detected with the antibody of the extremely halophilic or methanogenic
archaea, Methanothennus fervidus being an exception. Chaperonins of the
thermophilic eubacterium Thermotoga maritima and yeast cells did not react
with the antiserum. Immunoblotting results also reveal that a related protein

exists in Escherichia coli (Phipps, et al, 1991).

Archaeal chaperonins have been reported to bind to several denatured proteins
in vitro and to possess weak ATPase activity (Yoshida, et al., 1997). However,
Andrd et al (1996) have reported that they failed to measure significant
enzymatic ATP hydrolysis of Methanopyrus thermosome (André, et al, 1996).
The chaperonin of S. solfataricus was reported to possess protein refolding
activity. The proteins, chicken egg white lysozyme (one 14.4-kDa chain), yeast
a-glucosidase (one 68.5-kDa chain), chicken liver malic enzyme (four 65-kDa
subunits), and yeast alcohol dehydrogenase (four 37.5-kDa subunits), were
heated in the presence of an equimolar amount of chaperonin. It was observed
that the protein aggregation was prevented in all solutions. The inactivation
profiles of the single-chain enzymes were comparable with those identified in
the absence of the chaperonin, and enzyme activities were recovered in the
solutions heated in the presence of the chaperonin upon ATP hydrolysis. The
inactivation of the tetrameric enzymes was completely prevented, but the
activities decreased in the absence of the chaperonin (Guagliardi, et al., 1995).
Yan, et al. (1997) reported that the recombinant 3 subunit of the chaperonin
from Pyrococcus sp. strain KOD1 prevents thermal denaturation and enhances

thermostability of Saccharomyces cerevisiae alcohol dehydrogenase. They
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found out that it functions without ATP when it exists at a high concentration.
However, it was reported to require ATP for its chaperonin function when it
exists at a low concentration (Yan, ef al, 1997). Yoshida, et al (1997) reported
the cloning and sequencing of two genes coding chaperonin subunits from the
hyperthermophilic archaeum Thermococcus strain KS-1. This strain possesses
two independent genes which encode a and 3 subunits. Both recombinant o
and B subunits assemble to generate homo-oligomeric double-ring complexes.
These complexes are found to arrest the spontaneous refolding of a chemically
denatured thermophilic enzyme when ATP does not exist. The refolding of
arrested IPMDH was continued upon addition of ATP to the reaction mixtures.
The yield of spontaneous refolding of the chemically denatured
isopropylmalate dehydrogenase (IPMDH) was nearly 16,7 % in this study. The
yield of the refolding of IPMDH by assistance of aggregate of the B subunit
complexes was about 19,0 %. However, the recovery ratio with assistance of

the o subunit single complex was 3,6 % (Yoshida, et al, 1997).

The chaperonin from Methanococcus maripaludis (Mm-cpn) was reported by
Kusmierczyk, et al. (2003). The single gene was cloned and expressed in E.
coli. Mm-cpn was found to be fully functional in all aspects under
physiological conditions of 37°C. The complex possess Mg2 ™ dependent
ATPase activity and it can prevent the aggregation of citrate synthase. It assists
refolding of guanidinium-chloride-denatured rhodanese in a nucleotide-
dependent manner. ATP binding is adequate to effect folding, but ATP
hydrolysis is not necessary (Kusmierczyk, et al. 2003).

Bergeron, et al. (2008) reported that the secondary structure of the thermosome
(rTHS) from Methanocaldococcus jannaschii, which 1is recombinantly
expressed, was not affected by one-hour exposures to various co-solvents
including 30% v/v acetonitrile (ACN) and 50% methanol. However, the
secondary structure of a mesophilic homologue, GroEL/GroES, was

considerably disrupted. rTHS reduced the aggregation of ovalbumin and citrate
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synthase in 30% ACN, to assist refolding of citrate synthase upon solvent
inactivation, and stabilized citrate synthase and glutamate dehydrogenase in the

direct presence of co-solvents (Bergeron, et al., 2008).

Yan, et al. (1997) investigated the effect of the recombinant chaperonin 3
subunit of Pyrococcus sp. strain KOD1 (CpkB) on foreign protein
solubilization. The cobQ gene of KODI1, that encodes cobyric acid synthase,
forms an insoluble inclusion complex when it is overexpressed in E. coli.
However, when CpkB and CobQ were co-expressed, a significant amount of
protein was found in a soluble fraction. According to authors, this result
indicates that the 8 subunit is functional as a molecular chaperonin without the
o subunit in vivo (Yan, et al, 1997). Izumi, et al. (1999) reported that they
cloned and sequenced the cpkA gene encoding a second (a) subunit of archaeal
chaperonin from Pyrococcus kodakaraensis KODI1. They also expressed the
subunit protein in E. coli. Recombinant CpkA was investigated for chaperonin
functions in comparison with CpkB (3 subunit). The results indicated that both
CpkA and CpkB efficiently decrease the amount of the insoluble form of CobQ
in E. coli. Both CpkA and CpkB exhibited the same ATPase activity as other
bacterial and eukaryal chaperonins. The ATPase-deficient mutant proteins
CpkA-D95K and CpkB-D95K were obtained by changing conserved Asp95 to
Lys. Effect of the mutation on the ATPase activity and CobQ solubilization
was investigated. None of the mutants exhibited ATPase activity in vitro.
However, they decreased the amount of the insoluble form of CobQ by
coexpression as wild-type CpkA and CpkB did. These results suggested that
both CpkA and CpkB could assist protein folding in E. coli without requiring
energy from ATP hydrolysis (Izumi, ef al, 1999).

The chaperonin complex from the halophilic archaeon, Haloferax volcanii, has
eightfold symmetry. Kapatai, et a/ (2006) investigated if all three genes (cct-1,
cct-2 and cct-3) encoding group II chaperonin in H. volcanii are individually

dispensable. They found out that one of either cct/ or cct2 must exist to allow
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growth of the organism. CCT3 protein could not support growth on its own
(Kapatai, et al., 2000).

Prevention of thermal aggregation of the denatured protein by the group Il
chaperonin o from the aerobic hyperthermophilic crenarchaeon Aeropyrum
pernix K1 (ApcpnA) was examined by Jang, et al. (2007). The complete
genome sequence of Aeropyrum pernix K1, revealed that this strain has two
kinds of putative thermosome subunit genes (o and B). ApcpnA alone is not
adequate for chaperonin activity, but the chaperonin activity increases in the
presence of manganese ion and ATP. ApcpnA protects the aggregation-prone
unfolded state of the denatured rhodanese from thermal aggregation. Binding
of ATP is sufficient for ApcpnA to exhibit the chaperonin function in vitro, but
hydrolysis of ATP is not necessarily required. It is proposed that utilization of
Mn”" and ATP regardless of ATP hydrolysis may be one of peculiar properties
of archaeal chaperonins (Jang, et al, 2007).

The group II chaperonin from the hyperthermophilic archaeum Pyrococcus
horikoshii OT3 (PhCPN) and its functional cooperation with the cognate
prefoldin were examined by Okochi, et al. (2005). They have expressed,
purified, and characterized the group II chaperonin from P. horikoshii OT3.
PhCPN existed as a homooligomer in a double-ring structure. It protected the
citrate synthase of a porcine heart from thermal aggregation at 45°C. It also
prevented thermal aggregation of isopropylmalate dehydrogenase (IPMDH) of
a thermophilic bacterium, Thermus thermophilus HBS, at 90°C. PhCPN was
shown to enhance the refolding of green fluorescent protein (GFP), which had
been unfolded by low pH, in an ATP-dependent manner. Unexpectedly,
functional cooperation between PhCPN and Pyrococcus prefoldin (PhPFD) in
the refolding of GFP was not determined. Instead, cooperation between PhCPN
and PhPFD was observed in the refolding of IPMDH which was unfolded with
guanidine hydrochloride. Although PhCPN alone was not efficient in the
refolding of IPMDH, the refolding efficiency was increased by the cooperation

of PhACPN with PhPFD (Okochi, et al, 2005).
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Emmerhoft, et al. (1998) reported that they cloned and sequenced the genes
encoding two chaperonin subunits (Cpn-o and Cpn-p), from Archaeoglobus
fulgidus, a sulfate-reducing hyperthermophilic archacon. The chaperonin genes
seem to be under heat shock regulation, as both proteins accumulate following
temperature shift-up. This observation indicates a role of the chaperonin in
thermoadaptation. Canonical Box A and Box B archaeal promoter sequences,
as well as additional conserved putative signal sequences, are reported to be
located upstream of the start codons. A phylogenetic analysis using all the
available archaeal chaperonin sequences, proposes that the oo and 3 subunits
are the results of late gene duplications. These duplications might have taken
place well after the establishment of the main archaeal evolutionary lines

(Emmerhoff, et al, 1998).

Group I chaperonins are thought to be restricted to the cytosol of bacteria and
to mitochondria and chloroplasts, whereas the group II chaperonins exist in the
archaeal and eukaryotic cytosol. Klunker, et al. (2003) showed that members of
the archaeal genus Methanosarcina co-express both the complete group I and
group II chaperonin systems in their cytosol. These mesophilic archaea have
gained between 20 and 35% of their genes by lateral gene transfer from
bacteria. In Methanosarcina mazei G061, both chaperonins are similarly
abundant and they are moderately induced under heat stress. The M. mazei
GroEL/GroES proteins have the same structural characteristics as their
bacterial counterparts. The thermosome contains three subunits, a, B, and Y.
They assemble preferentially at a molar ratio of 2:1:1. As demonstrated in
vitro, the assembly reaction is dependent on ATP/Mg*" or ADP/Mg*" and the
regulatory role of the 3 subunit. The co-existence of both chaperonin systems
in the same cellular compartment serves the Methanosarcina species as useful
model systems in studying the differential substrate specificity of the group I

and II chaperonins (Klunker, ef al, 2003).
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1.8 Heat-Shock Response in Archaea

How gene expression is effected by heat shock was verified at the mRNA level
by Rittosa in 1962 and heat-shock proteins (HSPs) were identified by Tissieres,
et al. (1974)12 years later (reviewed in Maeder, et al., 2005).

Heat shock response is ubiquitous in both the Eucarya and Bacteria (Rohlin, et
al., 2005). Like other organisms, archaea respond to heat stress or other types
of stresses by increasing the synthesis of a number of proteins originally
termed heat-shock proteins (HSPs) and accumulating these proteins to higher
steady state levels (Becker, et al., 1994, Phipps, et al., 1991). They stop
synthesizing a variety of normal proteins and focus on synthesizing HSPs
(Trent, 1996). The heat shock response provides assistance for the growth and
survival of cells at temperatures higher than their normal growth temperatures
(Phipps, et al., 1991). HSPs participate in numerous cellular processes,
including membrane transport and stability, protein folding, and cell signaling
(Rohlin, et al, 2005). These proteins induced by enviromental stress include
molecular chaperones, ATPases, proteases and DNA-repair proteins (Walter

and Buchner, 2002 and S6ti and Csermely, 2003) (Table 1.1).

Table 1.1: Chaperones present in archaeal genomes (from Laksanalamai, et

al., 2004)
Protein Hyperthermophiles Thermophiles Mesophiles
Clp homalogues Hsp100s) Mo Mo a5
Cdcd® and NSF homologues (AAA] s fes fas
Hapan ] Mo Mo
Cinakl {Hspid) No* e fas
Dnal 0] e e
GrpE ] e a5
Chaperanin (Hspa0) ! e e
Hsp33 ] Mo Mo
sHap hCH e \CH
Prefoldin st e s
NAZ ar-subunit only ci- 2Lt only c-sukunit onfy
Hsp1d ] No Somall
PAN Somal Samel Yas
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The increased survival of organisms at lethal temperatures after an exposure to
near-lethal temperatures which lasts a short time is described as acquired
thermotolerance. Two principles that may be developed from studies on
acquired thermotolerance are that (i) HSPs do certainly play an important role
in acquired thermotolerance and (i1) different species employ different methods
(different combinations of HSPs and/or other macromolecules) in order to
acquire thermotolerance (Trent, et al, 1994). Changes in internal pH, ionic
strength, or the structure or composition of membranes are physiological
changes that have been proposed to participate in acquired thermotolerance

(Trent, et al, 1990).

Shockley, et al. (2003) performed a research on the heat shock response of the
hyperthermophilic archaecon Pyrococcus furiosus by employing Northern
analyses in conjunction with a targeted cDNA microarray. Cells were grown
until mid-exponential phase at 90°C on sea salts-based medium (SSM) and
temperature was elevated to 105°C for 1 h; control cultures were provided to
continue growing at 90°C for the same period of time. The effects of thermal
stress on growth and the induction of known and putative stress genes existing
in P. furiosus was obvious. The genes which encode the major Hsp60-like
chaperonin (thermosome) in P. furiosus, the Hsp20-like small heat shock
protein and two other molecular chaperones (VAT) belonging to the
CDC48/p97 branch of the AAA" family were found to be strongly induced
(Shockley, et al., 2003).

Rohlin, et al. (2005) investigated the heat shock response of the
hyperthermophilic archacon Archaeoglobus fulgidus strain VC-16 by
employing whole-genome microarrays. Heat shock treatment was performed
by shifting temperature from 78°C to 89°C, and samples were removed at 5,
10, 15, 30 and 60 min after the temperature shift. They removed samples from
each flask, before heat shock treatment, to use as the reference and control. In
this study, using a whole-genome microarray, changes in mRNA levels for

approximately 10% of the 2,410 genes when cells were elevated from 78°C to
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89°C by 5 minutes were monitored. It has been clarified, with the development
of gene arrays, that a great number of genes in addition to HSPs are affected by
heat. Generally, the A. fulgidus genes that were strongly induced at 5 minutes
stayed induced during the 60 minutes duration of the heat shock exposure. Of
the 11 genes that were strongly induced at 5 minutes (5- to 10-fold), 5 were
previously explained as heat shock genes. Two were not known to be induced
by heat shock (AF1813 and AF1323), and four encode hypothetical proteins
(AF1298, AF0172, AF1526, and AF1835). Of the remaining annotated HSPs
in A. fulgidus, genes for the Hsp60s (thermosomes) and the genes for the small
heat shock protein (sHSP20) (AF1296 and AF1971) were also monitored to be
induced by heat. In A. fulgidus the authors observed that heat induced or
repressed the expression of genes associated with energy production, amino
acid metabolism, and lipid metabolism. This observation indicates the
significance of metabolic adaptation to heat stress. It is known that membrane
composition, especially the composition of isoprenoids in Archaea, may go

through important changes during heat shock (Rohlin, ef al, 2005).

1.9 Oxidative Stress

In aerobic organisms O, is reduced to H,O, with generation of energy rich
compounds, in the mitochondria. Also, small amounts of toxic forms of
oxygen, are generated: O, (superoxide), and OH" (hydroxyl radical). In the
normal cell, toxic oxygen species do not accumulate because there are
mechanisms for their removal. However, imbalances between the reactive
oxygen species (ROS) (or poisonous forms of oxygen), production and ROS
removal may result in ROS accumulation. Accumulation of ROS can bring
about oxidative stress which damages proteins, lipids, and nucleic acids. ROS
cause oxidative stress, by which some stress genes are activated. ROS also,
repress many genes, as other stressors do (Morel and Barouki, 1999). Oxidative
stress is one of the principal mechanisms of aging and cell death. Mitochondria

produce energy from O, on one hand, they have the potential for producing
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dangerous levels of toxic oxygen derivatives on the other hand. Therefore
mitochondria, are the main players in the life of cell (Conway de Macario and

Macario, 2000).

Free radicals possess an unpaired electron in an outer orbit. The energy
produced by this unstable atomic state is released via reactions with
neighbouring molecules, which causes molecular damage. There are various
mechanisms available to the cell for coping with the effects of ROS.
Antioxidants (e.g., the lipidsoluble vitamins A and E, ascorbic acid, and
glutathione), metals in storage and transport proteins (e.g., transferrin, ferritin,
and ceruloplasmin), enzymes that breakdown H,O,, and O, (e.g., catalase,
glutathione peroxidase, and superoxide dismutase, SOD) are some examples

for these mechanisms.

There are several SOD subfamilies in three phylogenetic domains which are
classified by considering their metal cofactors, Cu/Zn, Fe, Mn or Ni. Fe, and
Mn SODs exist in hyperthermophilic and halophilic archaea, but SODs in the
halophilic species differ from other Fe and Mn enzymes known. Interestingly,
Fe SODs have been discovered in methanogenic archaeca which are strict
anaerobes. It is interesting why these anaerobes, that are supposed to be
evolved in ecosystems lacking oxygen, possess SODs. The physiological role
of SODs in anaerobic organisms has been suggested to be the reduction of
superoxide with generation of hydrogen peroxide, but this proposal remains to

be proven (Conway de Macario and Macario, 2000).

Two archaeal peroxiredoxin from A. pernix and P. horikoshii which is a new
family of thiol-specific anti-oxidant protein, have been characterized. They
perform their protective role in cells by reducing and detoxifying H,O,.
Recently, Limauro, ef al. also investigated participation of the peroxiredoxin
Bep2 in oxidative stress in the hyperthermophilic aerobic archaeon Sulfolobus
solfataricus by transcriptional analysis of RNA isolated from cultures which

had been stressed with several oxidant agents (Limauro, et al., 2006). Bcp2
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was determined as a putative peroxiredoxin (Prx) in the genome database of S.
solfataricus. A considerable increase in the bcp2 transcript upon induction with
H,0; was observed. They cloned and expressed Bep2 gene in E. coli. Bep-2 is
reported to be the first archaeal 1-Cysteine peroxiredoxin (1-Cys Prx)
identified up to now (Limauro, et al., 2006).

1.10 Thermoplasma volcanium as a Model Organism

The model organism in this study is a moderately thermophilic archaeon
Thermoplasma volcanium which grows best at 60°C and pH 2.0. Temperature
range and pH range for growth of the organism are between 33°C and 67°C and
between 1.0 and 4.0, respectively (Segerer, et al., 1988). Archaeal membranes
are comprised of ether-linked lipids bonded to glycerol, and hence differ
considerably from bacterial membranes. Archaeal cell walls, like the
eukaryotes, do not include peptidoglycan, once more differing them from
bacteria. The Thermoplasma differ from the other Archaea to some extent: they
do not possess cell wall, and their cell membranes include tetraether lipids with
mannose and glucose subunits (Gaasterland, 1999). Two Thermoplasma
species, i.e. T. acidophilum and T. volcanium, can grow under both aerobic and
anaerobic conditions (Reysenbach, et al., 2006). They can grow under
anaerobic conditions if they are in contact with elemental sulfur particles as
electron acceptors (Margulis, 1996). Recently, by sequencing the proteins from
2-D gels, proteins expressed in 7. volcanium under two conditions were
identified (Kawashima, et al., 2005). T. volcanium is a heterotrophic archaeon
which was isolated from submarine and continental solfataras at Vulcano
Island, Italy, continental solfataras and a tropical swamp in Java and
continental solfataras in Iceland and the Yellowstone National Park (Schéfer, et
al., 1999 and Segerer et al., 1988). The complete genome of the organism is
comprised of 1,584,799 bases and G-C content is 38% (Kawashima, et al,
2000).
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1.11 Scope and Aim of This Study

In this study, we have aimed at cloning, expression, and sequencing of two
genes, encoding o and [ subunits of Hsp60 chaperonin of Thermoplasma

volcanium.

Co-expression of the two subunit genes was achieved in E.coli by combining

them in the same plasmid vector.

The chaperone activity of the recombinant 7. volcanium (Tpv) Hsp60
chaperonin was discussed referring to its refolding capacity of chemically

denatured citrate synthase from pig heart.

In silico, sequence, structural and comparative phylogenetic analyses of Tpv
Hsp60 subunit proteins were performed by using multiple-sequence alignment,
(ClustalW,1.83). BLAST and Conserved Domain Search Programs in NCBI
Data Bases. Also, response of 7. volcanium to heat shock and oxidative stress
was studied by time-course monitoring the cell growth (ODs40) after heat-shock

(65 to 78°C) or H,0O, exposure (0,008 mM to 0,05 Mm).

In addition, differential expressions of two Hsp60 genes under specified heat-
shock and oxidative stress conditions were investigated by using Real-time

PCR and ¢cDNA band densitometry approaches.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Materials

2.1.1. Chemicals, Enzymes and Kits

Agarose (low melting point gel), ampicillin, calcium chloride (CaCl, 2H,0),
ammonium sulphade ((NH4),SO,), ethidium bromide (Et-Br), glycerol, 3-
morpholinopropanesulfonic acid, formamide, 5-5’-bis-nitrobenzoate (DTNB),
oxaloacetate (OAA), co-enzyme A, citrate synthase, guanidinium chloride
(GdmCl) and glycerol were purchased from Sigma Chemical Co., St. Louis,
Missouri, USA.

a-D-glucose, yeast extract, potassium dihydrogen phosphate (KH,POj),
magnesium sulphate heptahydrate (MgSQy4), sodium chloride (NaCl),
ethylenediaminetetraacetic acid (EDTA), chloroform, tryptone, isoamyl
alcohol, magnesium chloride (MgCl,), sodium acetate anhydrous, sodium
hydroxide (NaOH), tris-base, bromophenol blue, ethylenedinitrilo tetraacetic
acid disodium salt dihydrate (disodium EDTA), B-mercaptaethanol and
formaldehyde solution (min 37 %) were purchased from Merck; Darmstadt,

Germany.

pUCI18 vector, Tag DNA Polymerase, T4 DNA ligase and T4 DNA ligase
buffer, restriction endonucleases BamHI, EcoRI, Hindlll, Pstl, Sacl, and their

buffers Tango™ Yellow were from MBI Fermentas AB, Vilnius, Lithuania.

QIAGEN PCR Cloning Kit, Qiaprep Spin Miniprep Kit and RNeasy Mini Kit
were purchased from QIAGEN Inc. Valencia, USA. Wizard® Plus SV
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Minipreps DNA Purification System Kit was purchased from Promega
Corporation, Madison, W1, USA. DNA Extraction Kit was from BIO 101.

Agar was purchased from Acumedia, Baltimore, USA. Agarose was from
Applichem, Darmstadt, Germany. Hydrogen peroxide (H,0O;) was purchased
from Applichem, Darmstadt, Germany. Ethanol was from Reidel de Héen.

M-MULYV reverse transcriptase, M-MULV buffer and SYBR Green Plus

Kit were purchased from Roche Diagnostics, Switzerland.

2.1.2. Buffers and Solutions

Compositions of buffers and solutions used in the experiments are listed in

Appendix A.

2.1.3. Plasmid Vectors, Molecular Size Markers

The maps of cloning vectors (pDrive and pUCI18) are illustrated in the Appendix
B. DNA molecular size markers (Lambda DNA/EcoR[+HindlIl Marker and

O’GeneRuler, Fermentas) is given in Appendix C.

2.2 Strain and Medium

2.2.1 Archaeal and Bacterial Strains

Thermophilic archaea Thermoplasma volcanium GSS1 (strain type 4299)
purchased from DSM (Deutsche Summlung von Microorganismen und
Zellkulturen, GmbH, Braunschweig, Germany) was used as source organism

throughout the study.

Escherichia coli TG1 strain from our laboratory collection was employed as
the recipient in transformation experiments.
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2.2.2. Growth and Culture Conditions

T. volcanium was grown in Volcanium medium (pH 2.7) that was supplemented
with glucose (Merck) and yeast extract (Oxoid) to final concentrations of 0,5 %
and 0,1 %, respectively, at 60 °C (Robb, 1995). Cultures were renewed by

weekly subculturing.

E. coli TG1 cells were grown on LB agar plates. Recombinant E. coli TG1
strains were cultured on LB agar plates. The cultures were incubated at 37°C

overnight. The cultures were renewed by subculturing with 30 days intervals.

2.3. Gene Manipulation Methods

2.3.1. Genomic DNA Isolation from Thermoplasma volcanium

Genomic DNA of Thermoplasma volcanium following the method of
Sutherland, et al., (1990). For the experiments in this study, the stock

preparation was used.

2.3.2. PCR Amplification of Gene Fragments of Hsp60 o subunit and Hsp60
B subunit

2.3.2.1. Design of PCR Amplification Primers

For amplification of the gene (1638 bp) encoding Hsp60 o subunit (TVN1128) ,
forward and reverse amplification primers (FP1 and RP1) were so designed that
216 bp upstream, 100 bp downstream sequences to be included into amplification
product (Table 2.1). For amplification of the gene (1635 bp) encoding Hsp60 3
subunit (TVNO0507), forward and reverse amplification primers (FP2 and RP2)
were designed so that 192 bp upstream and 94 bp downstream sequences to be
included into amplification fragment. These gene fragments of Hsp60 o subunit
and Hsp60 B genes were expected to be amplified from 7. volcanium genomic

DNA as 1939 bp and 1921 bp amplicons, respectively.
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2.3.2.2. Amplification of Hsp60 o subunit and Hsp60 B8 subunit Genes

T. volcanium genomic DNA was used as template DNA for PCR
amplifications. Each PCR reaction mixture with a total volume of 100ul
contained: Ix PCR buffer [750 mM Tris-HCl pH 8.8 at 25°C, 200 mM
(NH4),SO4, 0.1 % Tween 20], 50-500 ng of the template DNA, 200 uM of
each deoxyribonucleoside triphosphate (ANTP), 1.5 mM MgCl,, 100 pmoles
each of primers and 2.5 U of Taq DNA polymerase (MBI Fermentas AB,
Vilnius, Lithuania). Total volumes of the reaction mixtures were completed to

100 pl by using sterile ddH,O.

Table 2.1 : Primers designed for Hsp60 o subunit and Hsp60 3 subunit genes of

Thermoplasma volcanium.

PRIMER SEQUENCE OF THE PRIMER
FP1
Forward Primer for 5 GTCTCTGTCTTTTTCGTCCAC 3’
Hsp60 o, Subunit Gene

RP1

Reverse Primer for | 55 cTAAGGTTAAATTCCATGCCCC 3’
Hsp60 o Subunit Gene

FP2
Forward Primer for

Hisp60 B Subunit Gene 5’ GCGGCTATAGCATAGATGGCATC3

RP2
Reverse Primer for

: 5 GTCAGCGTAGAGGTTATTCACGG 3’
Hsp60  Subunit Gene

The samples were pre-incubated at 94°C for 5 minutes, before the addition
of Taqg DNA polymerase. The reactions were carried out with 30 cycles of
amplifications in a thermal cycler (Techgene, Techne Inc. NJ. USA). The

programme for each cycle was as follows: Denaturation at 94°C for 1min,
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annealing at 60°C for 2 min, extension at 72°C for 3 min and final extension

at 72°C for 10 min.

PCR products (15 pl samples) were observed by agarose gel electrophoresis
(1% agarose gel). Lambda DNA/EcoRI+Hindlll Marker (Fermentas) was used

for length calibration.

2.3.3 Agarose Gel Electrophoresis

PCR amplicons, DNA fragments produced by restriction digestions, real-
time PCR products and DNA samples following any manipulation were
analyzed by agarose gel elecrophoresis on 1% (w/v) agarose gel
(Applichem, Darmstadt, Germany) in 1X TAE buffer. Submarine agarose
gel apparatus (Mini Sub™ DNA Cell, Bio Rad, Richmond, CA, U.S.A) was
used in these experiments. DNA samples of 10-20 pl, mixed with 1/10 vol of
4x tracking dye, were loaded to gel which was supplemented by ethidium
bromide (0,5 pg/ml). Electrophoresis was carried out at 70 volts (Fotodyne
Power Supply, Foto/Force™ 300, USA).

After electrophoresis, the bands were visualized with a UV transilluminator
(Vilber Lourmat TFP-M/WL, Marne La Vallee Cedex 1, France and Vilber
Lourmat, CN 3000, EU) and gel photographs were taken using a gel imaging
and documentation system (Vilber Lourmat Gel Imaging and Analysis
System, Marne La Vallee Cedex 1, France). The molecular sizes of DNA
fragments were determined by referring to EcoRI/HindIll cut Lambda
DNA (MBI Fermentas AB, Vilnius, Lithuania) bands (Appendix C).

2.3.4 Cloning of PCR Amplified Hsp60 o subunit and Hsp60  subunit

Gene Fragments

PCR amplified Hsp60 o subunit and Hsp60 3 subunit gene fragments were

cloned using the QIAGEN PCR Cloning Kit (QIAGEN Inc., Valencia, USA)
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following the manufacturer's instructions. The PCR fragment was ligated to the
pDrive Cloning Vector, which was provided with the Kit. This kit uses the single
A overhang at each end of PCR products generated using Taq and other
nonproofreading DNA polymerases and supplies the vector in a linear form with a
U overhang at each end, to hybridize them with high specifity. The diagram of the
pDrive Cloning Vector and the restriction enzyme cut sites in multiple cloning site
(MCS) are given in the Appendix B. The ligation reaction was carried out using
T4 ligase (Fermentas, Vilnws, Lithuania) enzyme, as described in the

manufacturer’s manual.
2.3.4.1 Introduction of Recombinant Plasmids into Competent Cells
2.3.4.1.1 Preparation of Competent E. coli Cells

Competent E.coli TGI cells were prepared according to the modified method of
Chung, et al, (1989). The E.coli TG1 cells were grown in 20 ml of LB medium
through vigorous shaking (Heidolph Unimax1010 Shaking Incubator,
Heidolph Instruments GmbH, Kelheim, Germany). The growth was followed
by measuring the optical absorbance of cell culture at 600 nm using the
Hitachi U-2800 double beam spectrophotometer (Hitachi High
Technologies Corporation, Tokyo, Japan). When the cells reached to early
log phase (about 10® cell/ml), they were collected by centrifuging at 4000
rpm for 10 min. After discarding the supernatant, the pellet was dissolved
in 1/10 TSS solution and distributed into eppendorf tubes as aliquots (100
ul). Competent cells were stored at -80°C until use (Thermo Forma -86°C

ULT Freezer, Thermo Electron Corp., USA).
2.3.4.1.2 Transformation

Competent E. coli TG1 cells were taken from -80°C deep freezer and thawed
on ice to be used in transformation. A 1/10 (v/v) volume of ligation mixture
was added and mixed by gentle tabbing. After a 30 min. incubation on ice,

cells were transferred to glass tubes containing 0.16 mM glucose in LB. The
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cells were incubated at 37°C for 1,5 hr with vigorous shaking at 230 rpm
(Heidolph Unimax 1010 Shaking Incubator, Heidolph Instruments GmbH,
Kelheim, Germany). Then, appropriate dilutions of competent cells were
spread onto selective LB agar plates containing Ampicillin, IPTG and X-Gal
and grown at 37°C for 24 hours.

2.3.5 Isolation of Plasmid DNA from Recombinant Colonies

Putative recombinant colonies were collected depending on blue/white
colony selection. Cells from the white colonies were inoculated into 10 ml
LB culture containing ampicillin and incubated at 37 °C overnight. Plasmid
isolation was performed by using Wizard® Plus SV Minipreps DNA
Purification System (Promega Corporation, Madison, WI, USA) according to
the procedure provided by the manufacturer. The bacterial cells were pelleted by
centrifugation at 4000 rpm for 15 min (IEC Clinical Centrifuge, Damon/IEC
Division, U.S.A). The pellet was thoroughly resuspended in 250 pl Cell
Resuspension Solution. The cells were lysed by adding 250 pl Cell Lysis
Solution and proteins were digested by addition of 10 pl Alkaline Protease
Solution. After incubation at room temperature for 4 min., then, 350 pl
neutralization solution was added; tubes were inverted gently to mix the
ingredients and incubated on ice for 1 min. The cell debris was pelleted by
centrifuging at 13 000 rpm for 10 minutes in microfuge (Biofuge 15
Centrifuge, Heraeus Sepatech, Germany). The supernatant was transferred
into Spin Column which was provided with kit and centrifuged at 13 000
rpm for 1 min to bind the DNA to the column. The bound DNA was washed
twice with the Washing Solution and eluted with 100 pl Nuclease Free
Water. After centrifuging at 13 000 rpm for 1 min., 100 pl of plasmid
sample, at a concentration of 1.5 pg/ml, was obtained from the starting
material. Approximately 15 pl of the sample was run on agarose gel to
check the efficiency of purification and the remaining sample was stored at -

20°C for further use.
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2.3.6 Restriction Enzyme Digestion Analysis of Putative Recombinant

Plasmids

Recombinant pDrive plasmid DNAs isolated from the transformed colonies
were cut in several single and double digestion reactions by using EcoRI,
BamHI, Hindlll, Sacl and Pstl restriction endonucleases (MBI Fermentas Co,
Lithuania). Recombinant pUC18 plasmid DNAs isolated from the transformed
colonies were cut in single digestion reactions by using EcoRl and Kpnl
restriction endonucleases (MBI Fermentas Co, Lithuania). Digestions were

carried out following the instructions of the manufacturer.

2.3.7 Sequence Determination of Hsp60 o subunit and Hsp60 B subunit

Genes

The sequence of inserted PCR products containing Hsp60 o subunit and Hsp60 3
subunit genes was determined by automated DNA sequencing by Microsynth,

Switzerland using the reverse and forward PCR primers.

2.3.8 Construction of Co-Expression Vector

For co-expression of Hsp60 o subunit and Hsp60 B subunit genes, the cloned
genes from recombinant plasmids were subcloned into pUC 18 vector,
successively. Firstly, Hsp60 a subunit gene fragment was inserted in pUCI18
vector, then Hsp60 3 subunit gene fragment was ligated into the same vector, to
upstream of Hsp60 o subunit gene, at Kpnl and Hindlll sites. The diagram of
pUCI18 vector is given in Appendix B.
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2.3.8.1 Isolation of DNA Fragments from Agarose Gel

BIO 101 GeneClean® Kit (QBioGene, Carlsbad, CA, USA) was used for
the isolation of DNA fragments from the gel. The DNA fragments were
run on the 1% low melting point agarose (Sigma-Ag414-105, Sigma
Chemical Co., St. Louis, Missouri, USA) gel. Isolation was performed
according to the recommendations of the manufacturer. The gel slices
containing the fragments were removed, weighed and solubilized in Nal (at
volume of x3 weight of gel slices). After 5 min. incubation at 55°C, glass milk
was added into each mix. Mixtures were incubated for 10 min. at room
temperature by intermitent mixing to obtain a complete gel dissolution.
Desired DNA-bound silica resins were obtained by centrifugation at 13 000
rpm for 45 seconds (Eppendorf Mini Spin Centrifuge, Hamburg, Germany).
Pellets were washed two times with BIO101 wash solution and then, the silica
resin was air dried. Pellets were dissolved in minimal volumes sddH,O and
incubated at 55°C for 5 min. After centrifugation at 13 000 rpm for 60 secs at
room temperature, supernatant was transferred into sterile eppendorf tube and

kept at -20°C, until use.

2.3.8.2 Subcloning of Hsp60 a subunit Gene Fragment from pDrive o4 into
pUC18 Vector

Hsp60 o subunit gene fragments were excised from recombinant pDrive oy
plasmid by digestion with EcoRI restriction endonuclease (MBI Fermentas,
Lithuania). Also, the expression vector pUC18 (MBI Fermentas, Lithuania) was
digested with the same enzymes. Gene and vector fragments were run on 1%
low melting agarose gel (Sigma-Ag414-105, Sigma Chemical Co., St. Louis,
Missouri, USA) by electrophoresis (Mini Sub™ DNA Cell, Bio Rad,
Richmond, CA, U.S.A) in 1X TAE (Tris-acetate-EDTA) running buffer. Low
melting agarose gel was supplemented with ethidium bromide at a final
concentration of 1,25 ug/ml before it solidified. Hsp60 o subunit gene fragments

were mixed with 1/10 volume of 4X tracking dye before loading the
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completely solidified gel. Electrophoresis was carried out at 50 volts

(Fotodyne Power Supply, Foto/Force™ 300, U.S.A).

The ligation of the Hsp60 a-subunit gene fragment extracted from the gel, to
the pUC18 vector which was cut with EcoRI restriction enzyme was carried
out using T4 DNA ligase under, standard conditions (MBI Fermentas,
Lithuania). Ligation mixtures contained variable volumes (12-13 pl, depending
on fragment concentration) of gene fragments and pUCI8 vector (1-2 pl,
depending on vector fragment concentration), 5 weiss unit/ul T4 DNA ligase
(MBI Fermentas, Lithuania), 1/10 (v/v) of 10X T4 DNA ligase buffer (MBI
Fermentas, Lithuania) and variable amounts of sterile double distilled water in
order to complete the final volume to 20 pl. Ligation mixtures were incubated

at +4°C overnight.

Ligation samples were transferred into E. coli TGl competent cells by
transformation as described before. The recombinant colonies were selected on
LB agar plates containing ampicillin, X-gal and IPTG, after incubation at

37°C, 16 h.

2.3.8.3 Isolation of Plasmid DNA from Recombinant Colonies

Putative recombinant plasmids from white colonies were isolated as explained
in section 2.3.7. Plasmid DNAs were cut with several restriction enzymes, to

confirm the cloning of the insert.

2.3.8.4 Sub-cloning of Hsp60 B-subunit Gene Fragment from pDrive 3
into pUC18 Vector

The recombinant pDrive plasmid (Qiagen) which carries Hsp60 3 subunit gene
and the recombinant pUC18 plasmid (Fermentas) which carry Hsp60 a subunit
gene were both double digested with Kpnl and HindIIl restriction

endonucleases. These reaction mixes were run on low melting gels and isolated
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from the gels as described in the Section 2.3.9. Ligation of Hsp60 3 subunit
gene fragment to recombinant pUC18 plasmid which carries Hsp60 o subunit
gene was performed as described in the Section 2.3.9.3. E.coli TG1 cells were
transformed with the putative recombinant plasmids as described before.
Putative recombinant plasmid DNAs were isolated from colonies, and the
insert was characterized by cutting with the restriction enzymes EcoRI, Kpnl

and Hindlll (MBI Fermentas Co, Lithuania).

2.4 Biochemical Methods

2.4.1 Preparation of Cell Free Extract

Overnight cultures (50 ml) of recombinant £.coli Pucl-o/f3 19 cells were grown
at 37°C by vigorous shaking at 251 rpm (Heidolph Unimax 1010, Germany) and
then, cells were harvested by centrifugation at 4000 g (Sigma 3K30 Centrifuge,
Germany) for 20 min. at +4°C. Supernatant was discarded and the cell pellet
was washed in 20 mM Tris, 5 mM MgCl, and 2 mM NaNj; (pH:7,38) buffer
solution. The pellet was dissolved in 1/5 volume of the wash Buffer solution.
The cells were disrupted by sonication (Sonicator VC 100, Sonics and Materials,
CT, U.S.A) for 1 minute durations with 30 second intervals. The cell free extract
(CFE) was obtained by centrifugation (Sigma 3K30 Centrifuge, Germany) at
14000 g at 4 °C for 30 min. A 1.5 ml of each sample was heat treated at 65 °C
for 15 min in waterbath and then centrifuged (Micromax 230 RF Centrifuge,
Thermo IEC, USA) at 14000 g at 4 °C for 30 min to remove denatured proteins.

The supernatant called cell free extract, was stored at -20°C until use.
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2.4.2 Determination of Chaperone Activity of Hsp60 Protein From

Thermoplasma volcanium

The chaperone activity of recombinant Hsp60 protein from 7. volcanium was
determined by measuring the activity of denatured (with 6M guanidinium
chloride) citrate synthase. This activity is expected to be regained as a result of
refolding of the denatured citrate synthase by the help of chaperonin. The
citrate synthase activity was determined as described by Srere et al. (1963).
This method is based on measurement of the formation rate of 5-thio-2-
nitrobenzoate (TNB) as a result of the reaction between 5-5’-dithio-
bisnitrobenzoate (DTNB) and free —SH group of AcetylS-CoA formed after the
citrate synthase reaction. Absorbance was measured at 412 nm using UV-
visible double-beam spectrophotometer with a temperature controlled cell
holder (Shimadzu 1601 UV/Visible Spectrophotometer, Shimadzu Analytical
Co., Kyoto, Japan). Standard reaction mixture (1 ml total volume) contained 0.2
mM OAA, 0.15 mM acetyl-CoA, 0.2 mM DTNB and appropriate volume of
enzyme solution in 20 mM Tris-HCI-1lmM EDTA buffer (pH: 7.0). For the
assay, mixture was preincubated at 50°C for 5 min. and reaction was initiated
by the addition of OAA and acetyl-CoA. Absorbance at 412 nm was measured

continuously at 35°C.

2.5 Stress Response of 7. volcanium Cells

2.5.1 Heat Shock Response of 7. volcanium Cells

T. volcanium was grown in liquid Volcanium Medium (pH: 2.7) supplemented
with glucose and yeast extract. The cells were grown until mid-exponential
phase at 60°C and then, in three different experiments, the temperature was
shifted to 65°C, 70°C, 75°C and 78°C for 2h for heat-shock. After heat shock
incubation of the test culture was continued by decreasing the temperature to
60°C. Control cultures were allowed to continue growing at 60°C. The cell

growth was monitored through OD measurement of the culture at 540 nm, in a
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time dependent manner. Growth curves for control and heat-shocked cultures

were obtained by plotting ODs4 values versus time.

Control and heat-shocked culture samples were removed at regular time
intervals to isolate total RNA to be used in the Real Time PCR experiments to
study differential expressions of genes encoding Hsp60 o and Hsp60 f3
subunits as a response to heat shock. The complementary DNAs (¢cDNA) were
synthesized by reverse transcription of the RNA template using MULV

Reverse Transcriptase (Roche Diagnostics, Switzerland).

2.5.2 Oxidative Stress Response of 7. volcanium Cells

T. volcanium was grown in Volcanium Medium (pH: 2.7) supplemented with
glucose and yeast extract. The cells were grown until mid-exponential phase at
60°C and then, in five different experiments, H,O, was added to obtain final
concentrations of 0,05 mM, 0,008 mM, 0,02 mM, 0,01 mM and 0,03 mM in
order to set oxidative stress conditions. Control cultures were grown in
Volcanium medium without H,O; supplementation under the same conditions.
The cell growth was monitored through OD measurements of the cultures at
540 nm, in a time dependent manner. Growth curves for control and H,O,

stressed cultures were drawn by plotting ODs4o values versus time.

Samples were removed from control and H,O; stressed cultures at regular time
intervals (during 1 h or 2h) and total RNA was isolated to be used as template
in reverse transcription PCR experiments. The complementary DNAs (cDNA)
were synthesized using MULV reverse transcriptase enzymes (Roche
Diagnostics, Switzerland) and were used in Real-Time PCR experiments to
study effect of oxidative stress on differential expressions of Hsp60 a and

Hsp60 3 subunit genes of 7. volcanium.

52



2.5.3 RNA Isolation

RNA isolation from control and test cultures was performed by using Qiagen
RNeasy Mini Kit (50) 74140 (QIAGEN Inc. Valencia, USA) following the
manufacturer's instructions. After RNA isolation, OD values of diluted RNA
samples were measured at 260 nm and 280 nm. by using UV-visible double-
beam spectrophotometer (Shimadzu 1601 UV/Visible Spectrophotometer,
Shimadzu Analytical Co., Kyoto, Japan) in order to calculate the purity of
samples. The purified RNA samples were kept at -80°C deep freezer, until use.

2.5.4 Agarose Gel Electrophoresis of RNA Samples

RNA isolated from control and test cultures were observed by
electrophoresis using 1,2 % FA (formaldehyde) agarose (Applichem,
Darmstadt, Germany) gel. Submarine agarose gel apparatus (Mini Sub™
DNA Cell, Bio Rad, Richmond, CA, U.S.A) was used in these experiments.
RNA samples of 10-15 pl, mixed with 1/4 vol of loading buffer, were
loaded to gel containing ethidium bromide (10 mg/ml) and 37%
formaldehyde. Electrophoresis was carried out at 70 volts (Fotodyne Power

Supply, Foto/Force™ 300, USA).

After electrophoresis, the bands were visualized with a UV transilluminator
(Vilber Lourmat TFP-M/WL, Marne La Vallee Cedex 1, France and Vilber
Lourmat, CN 3000, EU) and gel photographs were taken using a gel imaging
and documentation system (Vilber Lourmat Gel Imaging and Analysis

System, Marne La Vallee Cedex 1, France).
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2.5.5. Reverse Transcription PCR (RT-PCR)

2.5.5.1 Design of RT-PCR Amplification Primers

The forward and reverse amplification primers (FP3 and RP3) for synthesis and
amplification of cDNAs of the genes encoding HSP60 a subunit (TVN1128) and
HSP60 B subunit (TVNO0507) are given in the Table 2.2. The cDNAs of HSP60 o
subunit and HSP60 3 genes were expected to be amplified as 399 bp and 581 bp

amplicons, respectively, in RT PCR.

Table 2.2: Forward (FP) and Reverse Primers (RP) for reverse transcription of

Hsp60 a subunit and Hsp60 3 subunit specific mRNAs and for Real Time PCR

experiments.
PRIMER SEQUENCE OF THE PRIMER
HSP60 o./ FP3 5" GCA AAT TCT TAT GGG GTG GA 3’
HSP60 ./ RP3 5° CTC CTT GGC CTG GCT GGT TAG 3’
HSP60 B / FP4 5 AAGTTGGAGACGACTACATGACC 3’
HSP60 3/ RP4 5 GTC CTC ACC TGA TGA GGA CTC AG 3’
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2.5.5.2 Synthesis of cDNAs of Hsp60 o subunit and Hsp60 B subunit Genes
From Total RNA

Total RNA isolated from heat-shocked, H,O, treated or control T.
volcanium cells were used as template for reverse transcription. For reverse
transcription, PCR reaction mixture in a total volume of 20ul contained; 1,25
pM reverse primer, 0,8 pg RNA, 0,5 mM of each deoxyribonucleoside
triphosphate (ANTP), 5 ul 5xM-MULYV Buffer and 2.5 U of M-MULV reverse
transcriptase (Roche). The PCR for cDNA synthesis was performed in the
Techgene thermal cycler (Techgene, Techne Inc. NJ, USA). The conditions
for PCR are; preheating at 70°C for 10 min, addition of MULV reverse
transcriptase, amplification at 42°C for 1 h., heating at 94 °C for 3 min and

hold at 4°C.

RT-PCR products (20 pl cDNA samples) were observed by agarose gel
electrophoresis (1% agarose gel), using Lambda DNA/EcoRI+Hindlll Marker
(Fermentas) as size standart. Agarose gel electrophoresis was performed as

described in Section 2.3 .4.

2.5.6 Real-time PCR

Real-time PCR technique was used to analyze differential expression profiles of
Hsp60 o and Hsp60 B subunit genes under oxidative stress and heat-shock
conditions. The reactions were carried out in Lightcycler 1.5 (Roche
Diagnostics, Roche Instrument Center AG, Switzerland). Figure 2.1 shows a
schematic representation of the Lightcycler design. Its software provides
quantitative and kinetic analysis of the real time amplification reactions. PCR
experiments were performed by using the SYBR Green Plus kit (Roche

Diagnostics, Switzerland) following the instruction of the Manual.
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Figure 2.1: Schematic presentation of the LightCycler. Temperature cycling is
achieved by alternating heated air provided by the heating coil and ambient air
provided by the air inlet and fan. Composite plastic-glass capillary tubes
provide a sealed vessel with a high surface-to-volume ratio, which, along with
rapid air movement provided by the fan, allows rapid thermal exchange within
the reaction fluid in the capillary tube. Fluorescence of polymerase chain
reaction product is detected by photodiodes coupled with fluorimeters.
Capillary tubes, positioned in a carousel, are periodically rotated over
fluorimeters for fluorescent determinations. LED = light emitting diode (Uhl,

et al,2002).

The basic principles of the real-time assay with SYBR green dye are explained

in the Figure 2.2.

Of the three fluorescence detection channels that measure fluorescence at 530,
640, and 710 nm, fluorescence detection channel which measures fluorescence
at 530 nm. was employed since SYBR Green I and Fluorescein was detected at
530 nm . Products of reactions were visiualized by agarose gel electrophoresis
as described in Section 2.3.4. The denisites of the DNA bands observed on the

gels were analysed by using Scion Image programme.
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Figure 2.2: Schematic presentation of the lightcycler assay with SYBR green
dye. (A) During denaturation, unbound SYBR Green I dye exhibits little
fluorescence. (B) At the annealing temperature, a few dye molecules bind to
the double-stranded primer/target, resulting in light emission upon excitation.
(C) During the polymerisation step, more and more dye molecules bind to the
newly synthesised DNA, and the increase in fluorescence can be monitored in
real-time. (D) On denaturation, the dye molecules are released and the

fluorescence signal returns to background (Bustin, 2000).
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2.6 Gene and Protein Structure Analyses

Total genome sequence of Thermoplasma volcanium was derived from NCBI

genomic database (National Center for Biotechnology Information, US).

Nucleotide and protein sequences of Hsp60 o subunit and Hsp60 3 subunit

were derived from the online-database of NCBI.

Restriction Mapper Version 3 was used to map the sites for restriction

endonucleases in Hsp60 o subunit and Hsp60 3 subunit nucleotide sequences.

To search for the highly conserved motifs in the proteins, COG (Clusters of
orthologous group) and CDD (Conserved Domain Database) analyses were

carried out by referring to the online-database of NCBI.

Multiple alignments of aminoacid sequences of Hsp60 a and 3 subunit proteins
from various Archaea, Eukarya and Bacteria were performed by using
ClustalW 1.83 program (European Bioinformatics Institute server). Also,
phylograms based on ClustalW (1.83) multiple sequence alignment of Hsp60 o
subunit and Hsp60 B subunit aminoacid sequences were derived to estimate

their phylogenetic relationships.
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CHAPTER 3

RESULTS

3.1 Gene Manipulation

3.1.1 PCR Amplifications of Hsp60 o. Subunit and Hsp60 B Subunit Gene

Fragments

PCRs were carried out by using the FP1/RP1 and FP2/RP2 primer sets which
were given in Table 2.1 to amplify the gene fragments of Hsp60 o subunit and
Hsp60 B subunit from genomic DNA of 7. volcanium. Hsp60 o subunit gene
(1638 bp) and Hsp60 [ subunit gene (1635 bp) were amplified with additional
flanking sequences, as unique 1939 bp and 1921 bp amplicons, respectively, as

visualized by agarose gel electrophoresis (Figure 3.1).

2027 bp
1904 bp

1921 bp

1939 bp

Figure 3.1: PCR amplifications of Hsp60 [ subunit (Lane 1) and Hsp60 a
subunit (Lane 2) gene fragments at annealing temperature of 60°C. Marker:

EcoRI/HindlIll cut Lambda DNA (MBI Fermentas, Lithuania).
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3.1.2. Cloning of PCR Amplified Gene Fragments

PCR amplicons obtained at 60°C annealing temperatures by using 7ag DNA
polymerase were used for cloning of Hsp60 o subunit and Hsp60 [ subunit
genes, respectively. These amplicons were ligated by a UA-based hybridization
into pDrive cloning vector which is supplied in linear form with the QIAGEN
PCR Cloning Kit (QIAGEN Inc., Valencia, USA). The pDrive cloning vector
not only provides the high performance through UA-based ligation, but also
enables blue/white colony screening and it allows to select for ampicillin and
kanamycin resistance. In addition, the vector carries several unique restriction
endonuclease recognition sites within the multiple cloning site, providing

alternative sites for excision and easy restriction analysis of cloned fragments.

The cloning schemes for the PCR amplified Hsp60 o subunit and Hsp60 3
subunit gene fragments using pDrive cloning vector are shown in Figure 3.2

and Figure 3.3, respectively.

E. coli TG1 competent cells which were capable of efficient transformation
(Transformation frequency: 8x10° transformant/ug DNA) were used as

recipients in transformation experiments.

For Hsp60 o gene cloning, transformation efficiency was same as the
recombination frequency (i.e. 45x10° transformant/pg DNA) since only white

colonies grew on the selective agar medium.
Transformation efficiency was 18x10° transformants/ug DNA and

recombination frequency was 5x10° recombinants/ng DNA for Hsp60 B gene

cloning.
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A total of 134 and 15 putative recombinant (white-colored) colonies were
obtained from Hsp60 o subunit and Hsp60 B subunit cloning experiments,
respectively. Plasmid DNAs were isolated from 5 positive clones from each

group (Figure 3.4).

Figure 3.4: Plasmids isolated from putative recombinant colonies. Lane 1 to 5,
pDrive plasmids (pDrive B to Bs), expected to contain Hsp60 B subunit genes,
Lane 6 to 10, pDrive plasmids (pDrive a; to as), expected to contain Hsp60 o

subunit gene.

3.1.3. Characterization of Cloned DNA Fragments

3.1.3.1. Characterization of Putative Recombinant Plasmids with Hsp60 a

and Hsp60 B Gene Fragments

Restriction maps of our genes of interest were constructed, based on their
sequences which were available in the genomic databases, by using a software
program (Restriction Mapper Version 3) as mentioned in the Materials and
Methods, section 2.6 (Table 3.1). There are two EcoRI restriction sites in the
MCS of the vector flanking the insertion site, and digestion with this enzyme
could excise intact inserts. Digestions with EcoRI restriction endonuclease

were performed to confirm the presence of Hsp60 a subunit gene fragment and



Table 3.1: Cut sites for a number of restriction enzymes that were determined

by Restriction Mapper software program.

RESTRICTION MAPS

Hsp60 o Subunit Gene (TVN1128) Fragment

Non-Cutter
Restriction | BamHI, EcoRI, Hindlll, Kpnl, Sacl, Sall, Smal, Sphl
Enzymes
Name Sequence Overhang Cut
Position
Haell RGCGCY Three prime 1828
Cutter Pstl CTGCAG Three prime 40
Restriction Bsmli GAATGC Three prime 1844
Enzymes Accl GTMKAC Five prime 1326
Xbal TCTAGA Five prime 1647
Apol RAATTY Five prime | 47,1423,
1853, 1901,
1926
Hsp60 B Subunit Gene (TVN0507) Fragment
Non-Cutter
Restriction | EcoRI, Hindlll, Kpnl, Sall, Smal
Enzymes
Name Sequence Overhang C.u.t
Position
Pstl CTGCAG Three prime 1431
Cutter Sphl GCATGC Three prime 1892
Restriction Sacl GAGCTC Three prime 644
Enzymes Bsml GAATGC Three prime | 878, 897
Accl GTMKAC Five prime 848
BamHI GGATCC Five prime 1219
Xbal TCTAGA Five prime 146




Hsp60 B gene fragment in putative recombinant plasmids which were isolated
from white colonies. Since there is no restriction site for EcoRI in the Hsp60 a
insert, the putative recombinant plasmids which were digested with EcoRI
restriction enzyme yielded two fragments of 3851 bp and 1939 bp in length
corresponding to linear pDrive cloning vector and insert, respectively. There is
no restriction site for EcoRI in the Hsp60 3 gene fragment, either. So, digestion
with EcoRI restriction enzyme yielded two fragments of 3851 bp long and
1921 bp long, corresponding to linear pDrive cloning vector and Hsp60 3 gene

fragment, respectively.

All of the five pDrive a plasmids analysed by EcoRI digestion were recognized
as true recombinants possibly including the Hsp60 a gene. Out of five pDrive 3
plasmids only pDrive 4 appeared to contain Hsp60 3 gene. Figures 3.5 and 3.6

show EcoRI digestion profiles of the putative recombinant plasmids.

lac Z promoter

|

+«———— EcoRI(in MCS)

pDrive + Insert
(5790 hp )

+«— EcoRI (in MCS)
39

1939 bp (Gene)

3851 bp (Vector)

Figure 3.5: EcoRI digestion profile of a recombinant plasmid with Hsp 60 o

subunit gene.



lac Z. promoter

Is

«—— EcoRI (in MCS)

pDrive + Insert
(5772 bp)

+——— EcoRI (in MCS)

1921 bp (Gene)

3851 bp (Vector)

Figure 3.6: EcoRI digestion profile of a recombinant plasmid with Hsp60 f3

subunit gene.

3.1.3.2 Further Characterization of Recombinant Plasmids Containing

Hsp60 o Subunit (TVN1128) Gene

Plasmids isolated from recombinant pDrive-a cells (Figure 3.4) were digested
with BamHI, Hindlll, Sacl and Pstl endonucleases for further structural

characterization and restriction mapping.

There is single BamHI site in the MCS of the p-Drive-a recombinant vectors,
and BamHI is a non-cutter for insert (Figure 3.8). BamHI digestion of pDrive
a;- os plasmids yielded linearized recombinant plasmid DNA of 5790 bp (1939
bp insert + 3851 bp pDrive vector) as shown in the agarose gel picture (Figure

3.9).
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lac Z promoter

|

5!
«+——— BamHI (MCS of pDrive)

pDrive + Insert
(5790 bp)

3!

5790 bp (vector + Hsp60 a gene)

Figure 3.8: BamHI digestion profile of recombinant plasmid with Hsp60 o
subunit gene (TVN1128).

MW Marker

— 21226

5790 b
P 5148

4973

Figure 3.9: BamHI digestion profiles of pDrive-al, pDrive-a2, pDrive-a4 and
pDrive-a5 plasmids. BamHI digestion yielded 5790 bp linearized plasmid
which includes TVN1128 gene (Lanes 1, 2, 3 and 4). Lane 5 EcoRI/HindlII cut
Lambda DNA molecular weight marker (MBI Fermentas, AB, Vilnius).



BamH]I has single cut site within MCS before 5° end of the gene, HindlIII has
single cut site within MCS after 3’ end of the gene (Figure 3.10). Therefore,
BamHI and HindlII digestion yielded 1939 bp long gene fragment and 3851 bp

long linearized pDrive vector (Figure 3.11).

There is single Sacl site in the MCS of the vector before 5° end of the gene.
Sacl i1s a non-cutter for the insert (Figure 3.12). Sacl digestion of pDrive oy
plasmid yielded linearized recombinant plasmid DNA of 5790 bp (1939 bp
insert + 3851 bp pDrive vector) (Figure 3.13).

lac Z promoter

!

»

4—— BamHI(MCS of pDrive)

pDrive + Insert
(5790 bp)

«— HindIII (MCS of pDrive)
39

1939 bp (Gene)

3851 bp (Vector)

Figure 3.10: BamHI and Hindlll double digestion profile of recombinant
plasmid with Hsp60 o subunit gene (TVN1128).



Figure 3.11: Restriction enzyme digestions of pDrive-04 and pDrive-aS5.
Double digestion with BamHI and HindIll enzymes produced 1939 bp gene
fragment and 3851 bp linearized pDrive vector (Lane 2 and 3). Lane 1 is the
EcoRI/HindIIl cut Lambda DNA molecular weight marker (MBI Fermentas,
AB, Vilnius).

lac Z promoter

pDrive + Insert
(5790 bp)

4— Sacl (MCS of pDrive)

3

5790 bp (vector + Hsp60 o gene)

Figure 3.12: Sacl digestion profile of recombinant plasmid construct with

Hsp60 a subunit gene (TVN1128).



5790 bp

3851hp

1939 hp

Figure 3.13: Restriction digestion profile of pDrive-a4. With BamHI and Sacl
enzymes the double digestion yielded 1939 bp long gene fragment and 3851 bp
long linearized pDrive vector (Lanes 1, 2, 3 and 5). Sacl digestion of pDrive-
a4 yielded 5790 bp long linearized recombinant plasmid DNA (Lane 6). Lane
4 EcoRI/HindlIIl cut Lambda DNA molecular weight marker (MBI Fermentas,
AB, Vilnius).

In pDrive-o4 recombinant vector, BamHI has single cut site within MCS at 5’
flanking sequence of the insert, Sac/ has single cut site within MCS at 3’
flanking sequence of the insert. Both BamHI and Sacl are non-cutter enzymes
for insert (Figure 3.14). Therefore, BamHI and Sacl digestion yielded a 1939
bp long gene fragment and a 3851 bp long linearized pDrive vector (Figure
3.13).

Pstl has single cut site within MCS flanking the 5 end of the insert, and this
enzyme cuts the gene at 40th bp from 5’ end of the insert (Figure 3.15). Pst/
digestion yielded 40 bp and 5750 bp long fragments. (Figure 3.16)

Restriction digestion profiles obtained by gel electrophoresis was in good

agreement with the restriction map derived by using Restriction Mapper



Version 3 program from the known sequence of Hsp60 o subunit gene
(TVN1128) (Table 3.1). This result confirmed that we have successfully cloned
Hsp60 a subunit gene of 7. volcanium in pDrive cloning vector. Furthermore,
based on the restriction enzyme analyses of the recombinant vectors (pDrive
o, O, o4 and as), it became clear that the gene fragment in pDrive-a4 was
located in same direction as the /acZ promoter of the pDrive vector (Figure

3.17).

lac Z promoter

l

< ¢———— BamHI(MCS of pDrive)

pDrive + Insert
(5790 bp)

+«—— SacI(MCS of pDrive)
3’

1939 bp (Gene)

3851 bp (Vector)

Figure 3.14: BamHI and Sacl double digestion profile of recombinant plasmid
with Hsp60 a subunit gene (TVN1128).



lac Z promoter

!

s

'e———  Pstl (MCS of pDrive)
«———  Pstl (40 bp)

pDrive + Insert
(5790 bp)

40 bp -

5750 bp

Figure 3.15: Pst/ digestion profile of the recombinant plasmid with Hsp60 o
subunit gene (TVN1128).

— 21226

5148
4973

Figure 3.16: Restriction enzyme digestion of pDrive-a4. Digestion with Pst/
enzyme yielded 5750 bp and 40 bp fragments. 40 bp fragment is too small to
be seen on gel (Lane 1). Lane 2 is the EcoRIl/Hindlll cut Lambda DNA

molecular weight marker (MBI Fermentas, AB, Vilnius).



1939 bp Hsp60 ¢ Subunit

Gene Fragment
lacZ promoter coding A
frame direction / \
(5°-3") 5% 3
_____________________ | | IS T
1 f g " f |
+1 I | l
Psl Pstf Sacl
Bamur  |(40bP) HindIIl
EcoRI EcoRI1

Figure 3.17: Schematic representation of the restriction map of recombinant

plasmid (pDrive) which include Hsp60 a subunit gene.

3.1.3.3 Further Characterization of Recombinant Plasmids Containing

Hsp60 B Subunit (TVNO0507) Gene

Plasmids isolated from recombinant pDrive-p3 cells (Figure 3.4) were digested
with BamHI, HindIII and Pstl endonucleases for structural characterization and

restriction mapping.

In the recombinant pDrive-f3 plasmids, BamHI has single cut site within MCS
flanking the 5’ end of the insert. The enzyme cuts the Hsp60 3 subunit gene
(TVNO0507) at 1219th bp from 5’ end. Therefore, if the gene is located in the
same direction as the /acZ promoter, BamHI digestion yields 1219 bp long and
4553 bp long fragments (Figure 3.18). If the gene is located in the reverse
direction with respect to lacZ promoter, BamHI digestion yields 702 bp long
and 5070 bp long fragments (Figure 3.19).



lac 7. promoter

s

4 Bamll (MCS of pDrive)

pDrive + Insert

(5772 bp)
+—— BamHI (1219 bp)

1219 bp

4333 bp

Figure 3.18: BamHI digestion profile of the recombinant plasmid with Hsp60
B subunit gene (TVNO0507), if it is located in the same direction as the lacZ

promoter.

lac Z promoter

|

3
4——— BamHI(MCS of pDrive)

«——— BamHI (1219 bp)
pDrive + Insert

(5772 bp)

5)

702 bp

5070 bp

Figure 3.19: BamHI digestion profile of recombinant plasmid construct with
Hsp60 B subunit gene (TVNO0507) if it is located in the reverse direction with

respect to lacZ promoter.



Restriction digestion profiles on agarose gel revealed that pDrive-3, pDrive-
4 and pDrive-B5 carry the gene in the same direction as /acZ promoter. But,

pDrive-B2 carries the gene in the reverse direction relative to lacZ promoter

(Figure 3.20).

There is a single HindlIl site in the MCS of the recombinant vectors and
Hindlll is non-cutter for the gene (Figure 3.21). HindIII digestion of pDrive-
B3, pDrive-B4 and pDrive-5 yielded linearized recombinant plasmid DNA of
5772 bp long (1921 bp insert + 3851 bp pDrive vector) (Figure 3.22). Hindlll
digestion profiles of the pDrive-3 plasmids, on agarose gel are shown in Figure

3.22.

21226 —

5148
4973
4268

3530

__5070 bp
- 4553 bp

2027
1904

1584
1375

947
831

Figure 3.20: Restriction enzyme digestions of recombinant pDrive-1, pDrive-
B2, pDrive-B3, pDrive-B4 and pDrive-B5 plasmids. Digestion of pDrive-2
with BamHI enzyme yielded 5070 bp long and 702 bp long fragments (Lane 3).
Digestions of pDrive-B3, 4 and B5 with BamHI yielded 4553 bp long and
1219 bp long fragments (Lane 4,5, and 6). Lane 1 is the EcoRI/Hindlll cut
Lambda DNA molecular weight marker (MBI Fermentas, AB, Vilnius).



lac 7. promoter

be

pDrive + Insert
(5772 bp)

+——— HindIII (MCS of pDrive)
2
Figure 3.21: Hindlll digestion profile of recombinant plasmid construct with

Hsp60 B subunit gene (TVN0507).

5772 bp (vector + TVNOS07)

EcoRI digestion profile of the recombinant pDrive-f§ plasmid with Hsp60 3
subunit gene is given in Figure 3.22. Since EcoRI is a non-cutter enzyme for
the Hsp60 B gene, digestion with this restriction enzyme released the insert

(1921 bp) from vector DNA (3851 bp).

21226 hp

5148 bp

4973 bp
4268 hp

3530 bp

2027 bp
1904 bp

Figure 3.22: Restriction enzyme digestions of pDrive-2, pDrive-f3, pDrive-
4, pDrive-B5. Digestion of pDrive-f3, B4 and PS5 with Hindlll enzyme
yielded linearized recombinant plasmid DNA of 5772 bp (Lanes 1, 2 and 3).
Digestions of pDrive-B2, B3, B4 and B5 with EcoRI yielded 3851 bp long and
1921 bp long fragments (Lanes 4,5, 6 and 7). M is the EcoRI/HindIIl cut
Lambda DNA molecular weight marker (MBI Fermentas, AB, Vilnius).



Additional plasmid DNAs were isolated from 7 more clones that are putative
recombinant colonies (white-coloured) obtained from Hsp60 [ cloning
experiments (Figure 3.23). Among these, three plasmid DNAs were found to
be in sufficient quantity as visualized on the gel. These three plasmids, pDrive

B 6-8, were also characterized by restriction mapping.

Figure 3.23: Plasmids isolated from putative recombinant colonies. Lane 1,
colony B6; Lane 4, colony B7; Lane 5, colony B8 that were expected to be
recombinants that include Hsp60 B subunit gene (TVNO0507). Enough amount
of plasmid DNA can not be observed in lanes 2, 3, 6 and 7.

HindlII digestion of pDrive-f8 yielded linearized recombinant plasmid DNA
of 5772 bp (1921 bp insert + 3851 bp pDrive vector) as depicted in Figure 3.21
and Figure 3.24.

In the pDrive B vectors, BamHI has single cut site within MCS flanking the 5’
end of the insert, Hindlll has single cut site within MCS flanking the 3’ end of
the insert. BamHI also cuts the gene at 1219th bp from 5° end (Figure 3.25).
Therefore, BamHI and HindlIII digestion yielded 702 bp long, 1219 bp long and
3851 bp long (pDrive vector) fragments (Figure 3.26).



g\é

21226

— 53772 bp
4973

Figure 3.24: Restriction enzyme digestion of pDrive-B8. Digestion with
Hindlll enzyme yielded linearized recombinant plasmid DNA of 5772 bp
(Lane 2). Lane 1 is the EcoRIl/Hindlll cut Lambda DNA molecular weight
marker (MBI Fermentas, AB, Vilnius).

lac Z promoter

|

¥ €«——— BamHIQMCS of pDrive)

pDrive + Insert

i «—— BamHI (1219 bp)

HindIII (MCS of pDrive)

TO2bp —

1219 bp

3851 bp

Figure 3.25: BamHI and HindlIIl double digestion profile of recombinant
plasmid construct with Hsp60 B subunit gene (TVN0507).



In the pDrive B vectors, Pstl has single cut site within MCS flanking the 5° end

of the insert and it cuts the gene at 1431th bp from 5’ end of the insert (Figure
3.27). Therefore, Pstl digestion yielded 1431 bp long and 4341 bp long
fragments (Figure 3.28).

21226

5148

4973
4268

—3851 bp
3530

2027
1904
1584
1375 — 1219 bp
947

831
—702 bp

564

Figure 3.26: Restriction enzyme digestion of pDrive-B6, pDrive-f7 and
pDrive-B8. Double digestion with HindIIl and BamHI enzymes yielded 702 bp
long, 1219 bp long and 3851 bp long fragments (Lane 2, 3 and 4). Lane 1 is the
EcoRI/HindIIl cut Lambda DNA molecular weight marker (MBI Fermentas,
AB, Vilnius).

lac Z promoter

!

5

44— PstI (MCS of pDrive)

pDrive + Insert

T2 bp) +——  PstI (1431 bp)

1431 bp

4341bp

Figure 3.27: Pstl digestion profile of recombinant plasmid with Hsp60 [
subunit gene (TVNO0507).



5148 bp
4973 bp
4268 bp

3530 bp

4341 bp

2027 bp

1904 bp
1584 bp

1431 Db 1375 bp

Figure 3.28: Restriction enzyme digestion of pDrive-f8. Digestion with Pstl
enzyme produced 1431 bp long and 4341 bp long fragments (Lane 1). M:
EcoRI/Hindlll cut Lambda DNA molecular weight marker (MBI Fermentas,
AB, Vilnius).

The restriction digestion profiles of the pDrive B plasmids were in good
agreement with the restriction map derived by using Restriction Mapper
Version 3 program from the known sequence of Hsp60 [ subunit gene
(TVNO0507) (Table 3.1). This result confirmed that we have successfully cloned
Hsp60 B subunit gene of 7. volcanium in pDrive cloning vector. Furthermore,
based on the restriction enzyme analyses of the recombinant vector, in the
recombinant clone pDrive B2 the gene fragment was located in reverse and
positioned in the recombinant clones pDrive 3, B4, B5 and B8 the gene cloned
was in same direction as the lacZ promoter of the pDrive vector (Figures 3.18,
3.19 and 3.27). pDrive B6 and B7 plasmids were also determined as

recombinant vectors (Figure 3.29).



1921 bp Hsp60 B Subunit

Gene Fragment
lacZ promoter coding A
frame direction
(5°-3%) 5 3

| N T W I N ——————— S IR e T

= | ]
+1 1‘ T

Kpnl BamHI
Psfl - HindIIl
BamHI ( P) P
EcoRI (1431 bp) EcoRI1

Figure 3.29: Schematic representation of the restriction map of recombinant

pDrive B plasmid which include Hsp60 B subunit gene.

3.1.4 Sequence Determination of Hsp60 o Subunit and Hsp60 B Subunit

Genes

The sequence of inserted PCR products containing Hsp60 a subunit and Hsp60
B subunit genes were determined as described in 2.3.7 Section. Determined

sequences are given in Figures 3.30 and 3.31.

3.1.5 Cloning of Hsp60 o and Hsp60 B Gene Fragments in pUC18 Vector

For Co-expression

The Hsp60 o and Hsp60 B gene fragments obtained by digestion of the
recombinant plasmids with restriction enzymes were ligated to pUC 18 cloning
vector in succession. The pUCI18 cloning vector provides blue/white colony
screening. It also allows selection for ampicillin resistance. The vector also
carries several unique restriction endonuclease recognition sites around the
cloning site, providing easy cloning and restriction analysis of recombinant

plasmids.



taaaatttaactgtaaattacttactataacttacaggttttaggacgtga

aataagctaattttagtacagcccattttcgtaatatatactgtaatttttataaactcc
ttaattagtaaagtttatattgaagaacatatttatccggttagctaggtgatcagaaat
atgatgactggacaggttccaattctagttcttaaagaaggtacgcagagggaacagggc
M MT G Q V P I L VL KEGTQURE Q G
aaaaacgcacagagaaacaatattgaggccgccaaggccattgcagatgctgtgaggact
K N A Q R NNTIEA AW AI KA ATI ADA AV RT
acactgggcccgaagggcatggataagatgctggtagattcaataggggatataatcatc
T L G P K GMDKMUL VD S I G DI I I
tcaaacgatggtgctacaattctaaaggagatggatgttgagcatcccacagcaaagatg
S ND G A TTI LK EMDVEUHUZPTA AI KM
atcgttgaagtttctaaggcacaggataccgccgtaggagatggaacaaccactgeggtce
I v EV s KA QD T AV G DGTTTAV
gtgctctcaggagagcttctaaagcaagctgaaaccctcctggaccagggecgtgcatcca
vV L S G E L L K Q A ETULULD QG V H P
acagttatatccaacggatacagacttgcagtaaatgaggccaggaagattatagatgaa
T v I S N G Y R L A V N E AR K I I D E
atatctgtaaaatcgaccgatgatgaaacccttaggaaaatagctttgactgccctcteca
I s v K s T Db D E T UL R K I A L T A L S
ggaaagaacaccgggctctccaatacattcctagecggatctggtagtaaaagcagttaac
G K N T G L S NTVF L A DL V V KA V N
gctgtagccgaagagagggacggaaagataatagttgataccgccaatataaaggtagat
A V A E E RD G K I I VD T ANTI K V D
aagaagagcggaggcagcatcaacgacactcagttcataagcggcatagtagttgacaag
K K s G G S I N DT OQF I S G I V V D K
gaaaaagtacattctaagatgccagatgtcgtcaaggatgcaaaaatagcgttgatagac
E K V H S KM P DV V KD AI KTIA AULTITD
tctgctctggaaataaagaagactgaaatagaagcaaaagtccagatatcagatccaage
S A L E I K K T E I E A KV Q I s D P s
aaaatacaagacttcttgaaccaggaaactagcaccttcaaagagatggtagaaaagatc
K I 9 b F L N Q ET S TV F K EMVE K I
aagaagagcggagctaacgttgtcctatgccagaaaggtatcgatgatgtagcccagcac
K K S G A NV VL COQ K G I DDV A QH
taccttgcaaaggaaggcatatacgcagtacgcagggtaaagaagagcgatatggagaaa
Y L A K E G I YAV RU RV KK S DME K
ctggcaaaagctacaggtgcaaagatagtcacggatcttgatgaccttactccatcagta
L A K AT GAI K I VTDULUDUDTULTU?P S V
ctcggtgaagctgaaaaagtagaagagaggaagattggcgatgacaggatgacctttgta
L G E A E KV EEIRI KTIGTDUDI RMMTF V
acaggttgcaaaaatccaaaagccgtgagtatacttatcaggggcggaacagaacacgtc
T G C KNP KAV 5 I LTI RG G TE H V
gtttccgaagttgaaagagcactcaacgacgccataagggtcgtagccataacaaaggaa
vV s E V ERALNDA ATI RV V A I T K E
gatggcaaattcttatggggtggaggagccgtagaggctgagctagcaatgaggctagcece
D G K F L WGGGA AV EAUETLM AMTZBRTYULNA
aagtatgccaacagtgtcggaggaagagagcaattagctatcgaagccttcgccaaggec
K ¥ A N S V G GRE QL ATIEA ATFA AI KA
ttggagatcatacctaggacgttggctgaaaacgcaggcatagatccgataaacactctt
L E I I P R T ULAENAG I D P I N T L
atcaagctgaaatctgagcacgagaaaggcaagatatcaatgggcgtagatctagacagc
I K L K S EHE K G K I s M G V D L D S
aacggtgcaggcgacatgtcaaagaagggtgtaatagacccggtaagagtgaagactcac
N G A G DM S KK GV I D PV RV KTH
gcactcgaaagtgcagtagaagttgctacgatgatcctgcgtatagacgatgttatagcce
A L E S AV EV A TMTIULURTIDDV I A
agcaagaaatccacgccaccttctaaccagccaggccaaggagctggagcgccaggegge
S K K 8§ T P P S N Q P G Q G A G A P G G
ggaatgcctgagtattaaatttttatttttttaatatttt

G M P E Y -

Figure 3.30: Determined sequence and open reading frame for Hsp60 «o

subunit gene of 7. volcanium.



aggaactaaaggagaaagttgaggatattatcaacggtcgatgttaaaacattattataa
attagagattatttctagaaatgcttatatagaagtttatttttactctgttagataget
atgatagcgggacaaccaatattcattcttaaggaaggtacaaaaagagagagcggcaag
M I A G Q P I F I L K E G T K R E S G K
gatgcgatgaaagagaatatagaggcagcaattgcgatttcgaactctgtcagatccage
DA MK ENTIE A ATI ATIS SN SV R S S
cttggcccaaggggaatggacaagatgctggtggattctcttggecgacatagtaattacce
L G P RGMDIKMULVDSLGDTI VIT
aacgacggtgttacaattctcaaagagatggatgtagaacaccctgctgccaaaatgatg
N D GVTIUL K EMTDV EUHU&PA AA AIKMMM
gtagaggtatctaagacacaggattcctttgttggagatggaacaaccaccgcagtgatc
vV EV 8§ K T Q bs F V GD G T T T AV I
atcgctggcggcctactacagcaggctgaggcacttataaaccagaatgtacacccaacg
I A G G L L Q Q A EA LI NQNV HUPT
gtcatatctgaaggttacagaatggcttctgaagaggcaaagaggatcatagatgaaata
vIi s E G Y R MA S E EAIKIRTITIDETI
tcaacaaagatcggcaaagacgaaaaggagctccttataaagttggcacagacatcactt
S T K I G KD E K E UL L I KL A Q T S L
aacagcaaaagtgcatctgtagcaaaggacaaactcgcagagatatcctatgaagectgtt
N S K S A s VvV A K D K L A E I S Y E A V
aaatctgtagcagagcttagggatgggaagtattacgtggattttgacaatatacaggtc
K s v A E L R DG K Y Y VD F DNTI Q V
gtaaagaaacagggtggtgcaatagatgacactgcgttgataaacggaataatagtagac
V K K Q G G A I Db DT ATLTINTGTITI VD
aaggaaaaggtccaccctggaatgccggatgtagttaagaatgcaaagattgccctecta
K E K V H P G M P D V V K NAIKTI ATULTL
gatgccccactcgaaattaagaagcctgaatttgatacaaacctcaggatcgaagaccecg
D A P L E I KK UPEVFDTNULURTIED P
agcatgatacagaagttcctagcgcaggaagaaaacatgctcagagagatggttgaaaaa
S M I Q K F L A Q EENMTLUZREMYVE K
attaaatccgtgggtgccaacgttgtaattacccagaagggaatagacgacatggecccag
I K S VvV G A NV V I T Q K G I DD MA Q
cactatctatcgaaagaagggatatacgcagtacgcagggtaaagaagagcgatatggac
H ¥ L s K E G I Y A V R R V K K S D M D
aaactcgcaaaagctacaggcgcgacagttgtctcaactatagatgagatttcggectagt
K L A KA TGATV V s T TIDETI S A S
gatcttggatccgctgacagagtagaacaagtcaaagttggagacgactacatgaccttt
D L G S A DURV E QV KV GD DY MTF
gttactggctgcaagaatccgaaagcggtaagtgttctagttagaggcgagactgaacac
vV T G C K NP KAV S VL VR GETEH
gttgttgatgaaatggagagatccataactgattcgctgcacgtagttgccagtgectcte
v v D EMEI RS I TD S L HV V A S A L
gaggatggagcctataccgctggtggtggagcaactgcagcagagatagcagtaaggctc
E D G A Y T AGGGA AT A AUETIA AV R L
agatcatatgcacagaaaataggtggcaggcagcagcttgcaattgaaaaattcgcagat
R S Y A Q K I G G R Q QL A I E K F A D
gccatcgaagaagtgcccagagcccttgectgaaaacgccggattagatcctatagacata
A I E E V P R AL AENAGTULUD P I DTI
atactgaagctgagagctgaacacgcaaagggcaacaaatatgctggtgtaaatgtattc
I L K L R A E HAI KU GNI KUY AGVNVF
agcggcgaaatagaggacatggttaacaacggagtcatagagccaataagggtgggcaag
s G E I E DMV NNGV I EUPTIRV G K
caggccattgaatctgcaaccgaagctgcaataatgatactccgcatagacgatgtgatt
Q A I E S A T EAATIMTIULUZRTIDUD VI
gcgacaaagtcgagcggttcctcttcgaatccacctaagtecgecgtecttectgagtectca
A T K S S G S s S N P P K S P S S E s s
tcaggtgaggactaaaatttaatgtaatacatttttaaaattatttttgttacgatt
S G E D -

Figure 3.31: Determined sequence and open reading frame for Hsp60 f3

subunit gene of 7. volcanium



The subcloning scheme for the Hsp60 o subunit and Hsp60 3 subunit gene
fragments to pUCI8 cloning vector to construct a co-expression vector is

shown in Figure 3.32.

The cloned Hsp60 o subunit gene was removed from recombinant pDrive a4
plasmid through EcoRI digestion. pUCI18 plasmid was also digested and
linearized by EcoRI restriction endonuclease enzyme. The ligation of the
Hsp60 o-subunit gene fragment to the pUC18 vector was carried out using T4
DNA ligase (MBI Fermentas, Lithuania) as described in 2.3.8.2 Section.
Ligation samples were transferred into E. coli TGl competent cells by
transformation as also described in 2.3.8.2. Section. Then, plasmid isolation
was performed in order to determine the recombinant pUCI18 o plasmids.

Isolated plasmids were characterized by EcoRI digestion.

EcoRI has a single cut site within MCS of pUCI18 plasmid (Figure 3.33). Since
Hsp60 o subunit gene (TVN1128) is flanked by EcoRI sites at both ends in the
pDrive a vector and there is no cut site in the insert for EcoRI, EcoRI digestion
yielded 1939 bp long insert and 2686 bp long pUCI18 vector (Figure 3.34).
Figure 3.34 illustrates the restriction profile of the recombinant pUCIS8 a

plasmids.

After determination of recombinant pUCI8 a plasmids, second step was to
insert Hsp60 3 subunit gene fragment to pUC18 a plasmids. The recombinant
pDrive B3 plasmid which carries Hsp60 B subunit gene and the recombinant
pUCI18 a plasmid were both double digested with Kpnl and HindllI restriction
endonuclease enzymes. Ligation of Hsp60 [ subunit gene fragment to
recombinant pUC18 a plasmid was performed as described in the 2.3.8.4
Section. E.coli TG1 cells were transformed with the putative recombinant
plasmids as described before. Then, plasmid isolation was performed in order

to determine the recombinant pUC18 o/ plasmids.
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Y e EcoRI(MCS of pUC18)

pUC1S8 + Insert
(4625 bp)

— EcoRI (MCS of pUC1S)

lac Z promoter

1939 bp (Gene)

2686 bp (Vector)

Figure 3.33: EcoRI digestion profile of recombinant pUC18 plasmid construct
with Hsp60 a subunit gene (TVN1128).

3530 bp

2686 bp

2027 bp

1939 bp 1904 bp

Figure 3.34: Restriction enzyme digestion of putative recombinant pUCI8 o
plasmids. Digestion with EcoRl enzyme yielded 1939 bp and 2686 bp
fragments (Lanes 1 and 2) Lane 1 includes pUC-18 o/17 and lane 2 includes
pUC-18 o/18. M is the EcoRI /Hindlll cut Lambda DNA molecular weight
marker (MBI Fermentas, AB, Vilnius).
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Kpnl has single cut site within MCS of pUCI18 plasmid and it is non-cutter for
both Hsp60 a subunit gene (TVN1128) and Hsp60 B subunit gene (TVN0507)
(Figure 3.35). Kpnl digestion yielded linearized recombinant plasmid DNA of
6546 bp (1939 bp Hsp60 a subunit gene + 1921 bp Hsp 60 B subunit gene +
2686 bp pUCI18 vector) (Figure 3.36).

pUC 18- o/

Kpnl (MCS of pUC18
(6546 bp) el PHELD

lac Z promoter

|

Figure 3.35: Kpnl digestion profile of recombinant pUC18 plasmid construct

6546 bp

with Hsp60 a subunit gene and Hsp 60 3 subunit gene.

Figure 3.36: Kpnl restriction enzyme digestion of putative recombinant
pUCI18-a/fB plasmids: lane 1: p-3; lane 2: p-4; lane 3: p-11; lane 4: p-12; lane 5:
p-13; lane 6: p-14; lane 7: the EcoRI /HindIll cut Lambda DNA molecular
weight marker (MBI Fermentas, AB, Vilnius); lane 8: p-15; lane 9: p-16; lane
10: p-19; lane 11: p-9; lane 12: p-20.
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Recombinant pUC18-0/B plasmids p-3, p-4, p-9 and p-19 yielded 6546 bp
fragment when linearized by Kpnl.

EcoRI is a non-cutter for both Hsp60 a subunit gene (TVN1128) and Hsp60 3
subunit gene (TVNO0507). EcoRI has single cut site within MCS of pUCI18
plasmid. Hsp60 o subunit gene was ligated to pUC18 plasmid at this EcoRI
site. Hsp60 P subunit gene was removed from Kpnl-Hindlll cut sites of
recombinant pDrive 3 plasmid and ligated to pUCI18 a plasmid at these sites.
Since Hsp60 B subunit gene is flanked by EcoRI sites at both ends in the
pDrive B vector and EcoRI sites are between Kpnl and HindlII cut sites in the
recombinant pUC18 vector, Hsp60 B gene was flanked by EcoRI sites at both
end. EcoRI digestion of pUC18-a/B plasmid yielded 1939 bp Hsp60 o subunit
gene, 1921 bp Hsp60 B subunit gene and 2686 bp pUC18 vector (Figure 3.37).
Figure 3.37 illustrates the restriction profile of the recombinant pUCI18 o/p

plasmids.

39

+— EcoRI (in MCS)
Hsp60 a

EcoRI (in MCS)

pUC 18- /B
(6546 bp)

EcoRI (in MCS)

Hsp60 B

5 +«— EcoRI (in MCS)

lac Z promoter

|

1921 bp (TVN0507)
1939 bp (TVN1128)

2686 bp (Vector)
Figure 3.37: EcoRI digestion profile of recombinant plasmid construct with

Hsp60 a subunit gene and Hsp60 3 subunit gene.
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— ST

Pl —— 1939 bp and
1921 bp gene
fragments

Figure 3.38: Restriction enzyme digestion of putative recombinant pUC18-a/f3
plasmids. Digestion with EcoRI enzyme yielded 1921 bp, 1939 bp and 2686 bp
fragments. (Lane 1, 2, 3, and 4) Lane 1 contains pUC 18- o/} 9, lane 2 contains
pUC 18-0/B19, lane 4 contains pUC 18- o/f4 and lane 5 contains pUC 18-
o/B3. M: EcoR /Hindlll cut Lambda DNA molecular weight marker (MBI

Fermentas, AB, Vilnius).

3.2 Chaperonin Activity of Hsp60 Protein From Thermoplasma volcanium

Citrate synthase from porcine heart was denatured with GdmCl as described in
the Material and Methods. Renaturation was performed after 1:100 dilution of
the denatured citrate synthase in renaturation buffer at 3 different temperatures
(30°C, 50°C and 57°C) for 2,5 h, in the presence (test) and absence (control) of

recombinant thermosome.

Thermosome induced refolding was observed when renaturation was carried
out 50°C for 2,5 h (Figure 3.39). Under this condition, citrate synthase
activities associated with control and test were AmA4;2/min:19.0 and

AmA412/min:24.0 respectively.
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Figure 3.39: Time courses of reactivation of chemically (by 6 M GdmCl)
denatured porcine heart citrate synthase assisted by recombinant 7. volcanium

chaperonin.

The effect of thermosome on refolding was not apparent when refolding was

carried out at 30°C and 57°C for 2,5 h (Table 3.2).

Table 3.2: Renaturation after 1:100 dilution of the denatured citrate synthase in
renaturation buffer at 3 different temperatures (30°C, 50°C and 57°C) for 2,5 h,

in the presence (test) and absence (control) of recombinant thermosome.

30°C 50°C 57°C
I,5h 2,5h I,5h 2,5h I,5h 2,5h
AmAyp/min | 43,46 34,8 19,4 19,4 19,8 22
(Control)
AmAy4;/min | 20,7 19,7 16,5 24 18,7 19,12
(Test)
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3.3. Stress Response of Thermoplasma volcanium Culture

3.3.1 Heat-Shock Response of Thermoplasma volcanium Culture

T. volcanium cells were grown until mid-exponential phase at 60°C and then,
the temperature was shifted to 65°C, 70°C, 75°C and 78°C for 2 h in different
experiments and then, incubation was carried out at 60°C. Control cultures
were allowed to grow at 60°C. The cell growth was monitored through
spectrophotometric measurements of the cell density at 540 nm., in a time

dependent manner as mentioned in Section 2.5.1.

Exposure of the culture to heat shock at 65°C for 2 hours induced cell growth
slightly as compared to the control which was not exposed to the heat shock
(Figure 3.40). There was no significant effect of heat shock on culture growth

as compared to control.
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0.4+

—

Heat Shock

0,3 1

0,2 1

Absorbance (ODs4p)

0,14

] 24 48 T2 96 120 144
Time (hour)

Figure 3.40: Effect of heat shock at 65°C for 2 h on the growth of

Thermoplasma volcanium. — Heat-shocked T. volcanium culture,
Control T. volcanium culture. Heat shock was applied at 67th hour of the

mncubation.
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Just after application of heat shock at 70°C, pausing in cell growth was
observed but cells recovered in the following hours and heat shocked cells
grew faster (AAbssqxh” = 2,4x107) as compared to the control cells which

were not exposed to the heat shock (AAbsssoxh™ = 1,3x107) (Figure 3.41).

Before heat shock the growth rates of the test and control cultures were the
same. Just after heat shock application at 75°C, pausing of the cell growth was
observed but the cells recovered in the following hours and heat shocked cells
grew faster (AAbssqxh™ = 7,9x10™) as compared to the control cells which

were not exposed to the heat shock (AAbsssxh™ =5,5x10™) (Figure 3.42).

The growth rates of new cultures initiated by the inocula from control culture
and heat shock exposed (at 75°C) culture were almost the same. The growth
rate of the culture that inoculated from heat shock exposed culture was
AAbsssoxh™ = 2,4x10'3 and the growth rate of the culture inoculated from
control culture was AAbs540xh'1 = 2,3x10'3 . A short lag was observed in the

new culture started with inoculum from heat shocked culture (Figure 3.43).
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Figure 3.41: Effect of heat shock at 70°C for 2 h on the growth of

Thermoplasma volcanium. ~— Heat-shocked T. volcanium culture,
Control T. volcanium culture. Heat shock was applied at 90th hour of the

mcubation.
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Figure 3.42: Effect of heat shock at 75°C for 2 h on the growth of

Thermoplasma volcanium. — Heat-shocked T. volcanium culture

Control 7. volcanium culture. Heat shock was applied at 90th hour of the

mcubation.

Retardation of cell growth was observed by heat-shock application at 78°C.
Cell death and lysis should account for the decrease in absorbance after heat-

shock (Figure 3.44).
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Figure 3.43: Effect of heat shock at 75°C for 2 h on the growth of new cultures

of Thermoplasma volcanium. ™ T. volcanium culture was started by the

inoculum from heat shocked (75°C, 2 h) culture Control T. volcanium

culture was started by the inoculum from control culture.
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The new culture initiated by inoculation of fresh medium with 2h heat-shocked
(at 78°C) culture of T. volcanium did not grow, as revealed by the OD

measurements at 540 nm (Figure 3.45).
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Figure 3.44: Effect of heat shock at 78°C for 2 h on the growth of

Thermoplasma volcanium. — Heat-shocked T. volcanium culture that

exposed to heat shock Control T. volcanium culture. Heat shock was

applied at 92th hour of the incubation.

0s

06

o4

Absorbance (ODs40)

0z

0 . — = e e .
0 24 48 72 96 120 144 168 192

Time (hour)

Figure 3.45: Effect of heat shock at 78°C for 2 h on the growth of new cultures

of Thermoplasma volcanium. — T. volcanium culture was started by the

inoculum from heat shocked (78°C, 2 h) culture Control 7. volcanium

culture was started by the inoculum from control culture.
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3.3.2 Oxidative Stress Response of Thermoplasma volcanium Culture

Diftferent concentrations of H,O, were added to 7. volcanium cell cultures at
the time of inoculation to observe their effects on growth of cells and to decide
on the concentration to be used in RNA isolation experiments. The cultures
supplemented with 0,025 mM H,0,, 0,05 mM H,0,, 0,075 mM H,0; and 0,1
mM H,0, could not grow, indicating toxic effect of H,O; at concentrations >
0,025 mM. Although growth was retarded about 72 h in the culture
supplemented with 0,01 mM H,O,, there was a sharp increase in the growth
thereafter, so that same absorbance value was reached as the control culture. At
0,005 mM H,O; concentration the growth rate was slightly lower than the
control culture (Figure 3.46).
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Figure 3.46: Effect of different concentrations of H>O, on the growth of
Thermoplasma volcanium. Control culture; Culture grown in 0,01
mM H,0,; Culture grown in 0,025 mM H,0»; Culture grown in

0,05 mM H,Oy; * Culture grown in 0,075 mM H,0; ; + Culture
grown in 0,1 mM. H,O;; i Culture grown in 0,005 mM H,0,.
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Figure 3.47 shows time course effect of H,O, (0,005-0,025 mM) on the growth
of T. volcanium. The growth was inhibited by addition of 0,025-0,01 mM
concentration of H,O,. The cultures supplemented with 0,01 mM H,O, was
arrested for 48 h following H,O, addition, but cells then recovered as revealed

by increase in the growth rate (AAbsssoxh™ =4,78x107).

Although 0,005 mM H,0, addition resulted in a lag of about 20h, then growth
rate (AAbssqxh™ =3,98x107) increased to the level of the control culture

(AAbssyxh™=3,79x107) for 72 h.
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Figure 3.47: Effect of oxidative stress at different concentrations of H,O, on

the growth of Thermoplasma volcanium. Control culture; Culture

grown in 0,005 mM H,Oy; Culture grown in 0,01 mM
H,0,; Culture grown in 0,015 mM H,0;; * Culture grown in 0,025
mM H202.

To see the effect of H,O, to log phase cells, the cultures were grown under
standart conditions at 60°C until mid-log phase is reached (ODs40=0,220).
Then, between 0,008 mM and 0,05 mM H,0, was added into flasks and growth
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was continued for ~78 h more. Time courses of the growth was followed by

spectrophotometric measurements of absorbances at 540 nm.

When cultures supplemented with 0,008 mM H»O,, growth of 7. volcanium
culture appeared to be induced (AAbssiyxh™ = 2,96x107) as compared to

control culture which is not supplemented (AAbsssoxh™ = 2,65x107) (Figure
3.48).
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Figure 3.48: Effect of oxidative stress on the growth of Thermoplasma

volcanium. Control H,0, was added at 66th hour of culture.

Concentration of H,O, was 0,008 mM.

At > 0,01 mM H,O, concentrations, the growth of the cultures were retarded in
a concentration dependent manner when compared to control culture (Figures
3.49-3.51). The growth rates at 0,01 mM, 0,02 mM and 0,03 mM H,O,
concentrations were AAbsssoxh” = 2,13x107, AAbsssxh™ = 1,83x107, and

AAbs540xh'1 = 1,27x10"3 , respectively. The control growth rate was AAbs54oxh']
=2x107.
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Figure 3.49: Effect of oxidative stress on the growth of Thermoplasma

volcanium. Control H,0, was added at 65th hour of culture.

Concentration of H,O, was 0,01 mM.
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Figure 3.50: Effect of oxidative stress on the growth of Thermoplasma

volcanium. Control H,0, was added at 65th hour of culture.

Concentration of H,O, was 0,02 mM.
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Figure 3.51: Effect of oxidative stress on the growth of Thermoplasma

volcanium. Control H,0, was added at 67th hour of culture.

Concentration of H,O, was 0,03 mM.

Supplementation of mid-log phase culture with 0,05 mM H,O, seems to inhibit
the growth of 7. volcanium culture as could be seen in the growth curve
(Figure 3.52). The growth rate at 0,05 mM H,0, was AAbsssoxh™ = 1,59 x 107
and the control growth rate was AAbsssxh™ = 2,48 x 107,
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Figure 3.52: Effect of oxidative stress on the growth of Thermoplasma

Control H,0, was added at 67th hour of culture.

Concentration of H,O, was 0,05 mM.

volcanium.
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3.3.3 RNA Isolations

Isolation of RNA were performed as mentioned in 2.5.3 Section. Experimental
conditions were optimized to isolate control and test RNA samples from 7.
volcanium cultures heat-shocked at 3 different temperatures (65°C, 70°C and
75°C) and also from cultures exposed to oxidative stress at 4 different
concentrations of H,O, (0,008 mM, 0,01 mM, 0,02 mM, 0,03 mM and 0,05
mM). Culture samples were taken in a time dependent manner to isolate RNA.
Purity of RNA samples were checked by formamide agarose gel
electrophoresis and measurement of absorbances at 260 nm and 280 nm as

mentioned in 2.5.4 Section.

Figure 3.53: Agarose gel electrophoresis of the RNA samples isolated from 7.
volcanium cells under heat shock or oxidative stress conditions. Lane 1 to 4:
control RNA samples isolated at 30th, 60th, 90th and 120th minutes after 72 h
growth of the 7. volcanium culture, respectively. Lane 5 to 8: RNA samples
from heat-shocked (after 72 h growth) culture at 65°C, which were isolated at
30th, 60th, 90th and 120th minutes of the heat-shock. Lane 9 to 12: RNA
samples from H,O, exposed (0,03 mM) culture (after 72 h growth) which were
isolated at 30th, 60th, 90th and 120th minutes of the oxidative stress,

respectively.
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Figure 3.54: Agarose gel electrophoresis of the RNA samples isolated from 7.
volcanium cells under heat shock conditions. Lane 1 to 4: RNA samples from
heat-shocked (after 72 h growth) culture at 70°C, which were isolated at 30th,
60th, 90th and 120th minutes of the heat-shock. Lane 5 to 8: control RNA
samples isolated at 30th, 60th, 90th and 120th minutes, after 72h growth of the

T. volcanium cells, respectively. HS: heat-shock.
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Figure 3.55: Agarose gel electrophoresis of the RNA samples isolated under
heat shock conditions. Lane 1 to 3 and 7 to 9: control RNA samples isolated at
120th minute after 72 h growth of the 7. volcanium culture. Different volumes
of the culture (2, 3, 4 ml for lanes 1-6 and 3, 4, 5 ml for lanes 7-12) were used
for the isolation. Lane 4 to 6 and 10 to 12: RNA samples from heat-shocked
(after 72 h growth) culture at 75°C, which were isolated at 120th minutes of the
heat-shock. HS: heat-shock.

Control HS

Figure 3.56: Gel electrophoresis of the RNA samples isolated under heat
shock conditions. Lanes 1 to 3: 3, 4, 5 ml control RNA samples which were
isolated at 120th minute after 72 h growth of the 7. volcanium culture. Lanes 4
to 6: 3, 4, 5 ml RNA samples from heat-shocked (after 72 h growth) culture at
70°C, which were isolated at 120th minutes of the heat shock. HS: heat-shock.
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Control HS

Figure 3.57: Gel electrophoresis of the RNA samples isolated under heat
shock conditions. Lanes 1 to 3: control RNA samples (3, 4, 5 ml) which were
isolated at 120th minute following 72 h growth of 7. volcanium cells. Lanes 4
to 6: RNA samples (3, 4, 5 ml) from heat-shocked (after 72 h growth) culture
at 65°C, which were isolated at 120th minutes of the heat-shock. HS: heat-
shock.

Figure 3.58: Gel electrophoresis of the RNA samples isolated under oxidative
stress condition. Lane 1 to 4: control RNA samples which were isolated at
15th, 30th, 45th and 60th minutes after 72 h growth of the 7. volcanium
culture, respectively. Lane 5 to 8: RNA samples from H,O, (0,008 mM)
exposed culture which were isolated at 15th, 30th, 45th and 60th minutes of the

oxidative stress (exposed to 72nd hour of the growth), respectively.
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Figure 3.59: Agarose gel electrophoresis of the RNA samples isolated under
oxidative stress conditions. Lanes 1 to 4: control RNA samples which were
isolated at 30th, 60th, 90th and 120th minutes after 72 h growth of the T.
volcanium cells, respectively. Lanes 5 to 8: RNA samples from H,O, exposed
(0,01 mM) culture which were isolated at 30th, 60th, 90th and 120th minutes of
the oxidative stress (exposed to 72nd hour of the growth), respectively. Lanes
9, 10 and 11: RNA samples from H,O, exposed (0,02 mM) culture, which
were isolated at 30th, 90th and 120th minutes of the oxidative stress (exposed
to 72nd hour of the growth), respectively.

Figure 3.60: Agarose gel electrophoresis of the RNA samples isolated under
oxidative stress condition. Lanes 1 to 4: control RNA samples which were
isolated at 15th, 30th, 45th and 60th minutes after 72 h growth of the T.
volcanium cells, respectively. Lanes 5 to 8: RNA samples from H,O, (0,05
mM) exposed culture which were isolated at 15th, 30th, 45th and 60th minutes
of the oxidative stress (exposed to 72nd hour of the growth), respectively.
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In order to calculate the concentration and estimate the purity of RN A samples,
absorbance at 260 nm. (A,¢0) and absorbance at 280 nm. (As0) were measured,

and Ajeo/Azsgo ratios were determined (Table 3.3).

Table 3.3: Concentrations and the Azeo/Azgo ratios of RN A samples

Figure | RNA Concentr | Figure | RNA Concentr
No. Sample | Ajg0/Azs0 ation No. Sample | Ajg0/Azs0 ation
No. (ng/p) No. (ng/p)
1 1,2 0,7 1 1,2 0,6
2 1,2 0,7 3 1,23 0,63
3 1,15 0,64 3.55 4 1,2 0,7
4 1,24 0,87 5 1,2 0,62
3.51 5 1,26 0,81 6 1,38 0,81
6 1,2 0,74 1 1,121 0,7
7 1,2 0,88 2 1,250 0,79
8 1,2 0,76 3.56 3 1,150 0,64
9 1 0,91 4 1,196 0,74
10 1,3 0,97 5 1,127 0,66
11 0,9 0,9 6 1,186 0,77
12 1,1 0,88 7 1,250 0,79
1 1 0,61 8 1,265 0,8
2 1 0,64 1 1,1 0,9
3 1 0,64 2 1,1 0,94
3.52 4 1,2 0,87 3 1,1 0,78
5 1,6 0,87 4 1,14 0,74
6 1 0,57 5 1,13 0,74
7 1,1 0,63 3.57 6 1,16 0,87
8 1,2 0,82 7 1,18 0,8
3 1,4 0,74 8 0,8 0,97
3.53 6 1,3 0,81 9 1 0,97
9 1,3 0,74 10 1,1 0,84
12 1,4 0,89 11 1,2 0,9
1 1,2 0,62 12 1 0,72
2 1,2 0,68 1 1 0,52
3.54 3 1,26 0,67 3.58 2 1,2 0,74
4 1,2 0,58 5 1 0,61
5 1,24 0,67 6 1,2 0,9
6 1,2 0,6
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3.3.4 Reverse PCR Experiments

3.3.4.1 cDNA Synthesis by Reverse PCR

Reverse PCR experiments to synthesize cDNAs of Hsp60 o and Hsp60 B
subunit genes from total RNA were described in 2.5.5.2 Section. cDNA for

Hsp60 B gene which was synthesized by using reverse Real Time PCR primer
is shown in Figure 3.61.

950 bp

Figure 3.61: cDNAs for Hsp60 3 gene synthesized from control RNA isolated
from 120th min after 72 h growth. Lane 1: the O’GeneRuler 50 bp DNA
Ladder (MBI Fermentas, AB, Vilnius). Lanes 2 and 3: ¢cDNAs for Hsp60
gene synthesized from control RNA isolated from 120th min after 72 h growth.
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3.3.4.2 cDNA Amplification by Real-Time PCR

Reverse transcription PCR experiments were performed as described in 2.5.5
Section. cDNAs for Hsp60 a and Hsp60 3 genes which were amplified by PCR
are 399 bp and 581 bp amplicons as shown in Figure 3.62.

1375 bp
947 bp

947 bp

831 bp — 381bp

(Hsp60 8 cDNA
Lol fragment)
399bp —
(Hsp60 « cDN.
fragment)
A B

Figure 3.62: cDNAs for Hsp60 a and Hsp60 3 genes synthesized from heat
shock exposed RNA samples. M is the EcoRI/Hindlll cut Lambda DNA
molecular weight marker (MBI Fermentas, AB, Vilnius). Panel A, lane 1:
cDNA for Hsp60 o gene synthesized from RNA isolated from 120 min heat-
shocked sample at 65°C. Panel B, lanes 1 and 2: cDNAs for Hsp60 3 gene
synthesized from RNA isolated from 120 min heat-shocked samples at 65°C.
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3.3.5 Effect of Heat-Shock on Differential Expression of Hsp60 a Subunit

Gene

Heat shock at 65°C for 2 hours induced expression of Hsp60 o subunit gene,
which is evident from lower crossing point (CP) values for the tests as
compared to controls (Figures 3.63-3.66). The real-time PCR experiments
showed that, induction of Hsp60 a gene expression continued throughout the
2h heat-shock, as revealed by the CP values for the amplification of 30 min, 60
min, 90 min and 120 min samples (Figures 3.63-3.66). The lower the crossing
point (CP) the earlier the amplification of sample (cDNA) is expected. Melting
point analyses showed that amplifications in Real-Time PCR was specific for

T. volcanium Hsp60 o gene, and the average Tm was 86,75°C (£ 0,40).
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Figure 3.63: Real-time PCR graphics of control and heat-shocked samples at
65°C for 30 min. Control (30th min following 72 h growth) CP:
13,31 —_____ Test (30 min heat-shock at 65°C) CP: 10,67
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Figure 3.64: Real-time PCR graphics of control and heat-shocked samples at
65°C for 60 min. Control (60th min following 72 h growth) CP:
12,54 Test (60 min heat-shock at 65°C) CP: 8,94
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Figure 3.65: Real-time PCR graphics of control and heat-shocked samples at
65°C for 90 min. __________ Control (90th min following 72 h growth) CP:
11,72 Test (90 min heat-shock at 65°C) CP: 9,01
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Figure 3.66: Real-time PCR graphics of control and heat-shocked samples at
65°C for 120 min. __ Control (120th min following 72 h growth) CP:
10,63 = Test (120 min heat-shock at 65°C) CP: 6,78

Heat shock at 70°C also induced expression of Hsp60 a subunit gene which is
evident from lower CP values of the tests as compared to controls (Figures
3.67-3.70). Continuous induction of Hsp60 a gene was observed throughout 2h
heat-shock as shown in the Figures 3.67-3.70. The CP wvalues for the
amplification of 30 min, 60 min, 90 min and 120 min samples were smaller
than that of the controls. The PCR amplifications all were specific for Hsp60 o
gene and average Tm for Hsp60 a was 86,68°C (+ 0,1).
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Figure 3.67: Real-time PCR graphics of control and heat-shocked samples at
70°C for 30 min. = Control at 30th min. CP:15,07 =—————Test
(30 min heat shock application) CP: 9,77
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Figure 3.68: Real-time PCR graphics of control and heat-shocked samples at
70°C for 60 min.

Control at 60th min. CP: 11,50 Test
(60 min heat-shock application) CP: 9,51
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Figure 3.69: Real-time PCR graphics of control and heat-shocked samples at
70°C for 90 min. Control at 90th min. CP: 12,29
(90 min heat-shock application) CP: 8,04

Test
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Figure 3.70: Real-time PCR graphics of control and heat-shocked samples at
70°C for 120 min. Control at 120th min. CP:12,55
(120 min heat-shock application) CP: 7,51
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The real-time PCR experiments for which cDNA templates prepared from
RNA samples of the 75°C 2 hours heat-shocked culture, yielded amplifications
with the same CP values for both test and control. This result showed that heat
shock at 75°C for 2 hours did not induce expression of Hsp60 a subunit gene
(Figure 3.71). Amplifications were specific for Hsp60 a gene, Tm being
86,2°C (£ 0,13).
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Figure 3.71: Real-time PCR graphics of control and heat-shocked samples at
75°C for 120 min. Control at 120th min CP: 11,14
(120 min heat-shock application) CP: 11,17
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CPs and Tms for amplification of Hsp60 a ¢cDNA at 65°C, 70°C and 75°C heat-
shock are listed in the Table 3.4.

Table 3.4: CP and Tm values for the study of Hsp60 o gene’s differential

expression as a response to heat-shock.

Heat Shock | Time (minute) CP Tm Figure
Temperature
65°C 30 (Control) 13,31 87,16 Figure 3.60
30 (Test) 10,67 87,08 Figure 3.60
60 (Control) 12,54 87,15 Figure 3.61
60 (Test) 8,94 86,79 Figure 3.61
90 (Control) 11,72 86,71 Figure 3.62
90 (Test) 9,01 86,82 Figure 3.62
120 (Control) | 10,63 86,13 Figure 3.63
120 (Test) 6,78 86,18 Figure 3.63
70°C 30 (Control) 15,07 86,85 Figure 3.64
30 (Test) 9,77 86,68 Figure 3.64
60 (Control) 11,50 86,67 Figure 3.65
60 (Test) 9,51 86,69 Figure 3.65
90 (Control) 12,29 86,49 Figure 3.66
90 (Test) 8,04 86,66 Figure 3.66
120 (Control) | 12,55 86,78 Figure 3.67
120 (Test) 7,51 86,59 Figure 3.67
75°C 120 (Control) | 11,14 86,11 Figure 3.68
120 (Test) 11,17 86,29 Figure 3.68

3.3.6 Effect of Heat-Shock on Differential Expression of Hsp60 B Subunit

Gene

Heat shock at 65°C for 2 hours induced expression of Tpv Hsp60 3 subunit
gene. Induction was observed for 30 min, 60 min, 90 min and 120 min samples
as revealed by real-time PCR graphics and lower CP values of the tests as
compared to controls (Figures 3.72-3.75). Amplifications all were specific for
the Tpv Hsp60 [ subunit gene and average Tm for Hsp60 B was 86,45°C
(£1,7).
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Figure 3.72: Real-time PCR graphics of control and heat-shocked samples at
65°C for 30 minutes. === Control (30th min following 72 h growth)
CP:17,77 Test (30 min heat-shock application) CP: 16,77
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Figure 3.73: Real-time PCR graphics of control and heat-shocked samples at
65°C for 60 MiN.  —————— Control (60th min following 72 h growth) CP:
27,71 Test (60 min heat-shock application) CP: 25,13
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Figure 3.74: Real-time PCR graphics of control and heat-shocked samples at
65°C for 90 min. _________ Control (90th min following 72 h growth) CP:
17,18 e T'est (90 miin heat-shock application) CP: 15,80
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Figure 3.75: Real-time PCR graphics of control and heat-shocked samples at
65°C for 120 MinN. =emmmm————Control (120th min following 72 h growth) CP:
14,94 Test (120 min heat-shock application) CP: 11,82

Hsp60 B subunit gene expression is also induced by heat shock at 70°C for 2
hours. Induction was observed in the all test samples (30 min, 60 min, 90 min
and 120 min), as could be seen in the real-time PCR graphics and lower CP
values of the tests as compared to controls. The amplifications were all Hsp60

B gene specific and average Tm was 86,98°C (+0,19) (Figures 3.76-3.79).
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Figure 3.76: Real-time PCR graphics of control and heat-shocked samples at
70°C for 30 min. == Control (30th min following 72 h growth) CP:
17,66 Test (30 min heat-shock) CP: 14
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Figure 3.77: Real-time PCR graphics of control and heat-shocked samples at
70°C for 60 min. = Control (60th min following 72 h growth) CP:
15,15 Test (60 min heat-shock) CP: 12,76
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Figure 3.78: Real-time PCR graphics of control and heat-shocked samples at

70°C for 90 min.
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Figure 3.79: Real-time PCR graphics of control and heat-shocked samples at

70°C for 120 min. =—
14,59

Control (120th min following 72 h growth) CP:
Test (120 min heat-shock) CP: 12,62

Induction in the expression of Hsp60 3 gene was not observed, in response to

heat shock at 75°C for 2 hours. Amplification in the control started earlier

(CP:15,69) than test (CP:16,69) (Figure 3.80). Amplifications were specific for

Hsp60 B gene, Tm being 87,4°C (£0,18).
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Figure 3.80: Real-time PCR graphics of control and heat-shocked samples at
75°C for 120 min. == Control (120th min following 72 h growth) CP:
15,69 == Test (120 min heat-shock application) CP: 16,69

CPs and Tms for amplification of Hsp60 3 cDNA at 65°C, 70°C and 75°C heat-
shock are listed in the table 3.5.

Table 3.5: CP and Tm values for the study of Hsp60 B gene’s differential

expression as a response to heat-shock.

Heat Shock | Time (minute) CP Tm Figure
Temperature
65°C 30 (Control) 17,77 87,49 Figure 3.69
30 (Test) 16,77 87,40 Figure 3.69
60 (Control) 27,71 84,02 Figure 3.70
60 (Test) 25,13 86,55 Figure 3.70
90 (Control) 17,18 87,43 Figure 3.71
90 (Test) 15,80 87,59 Figure 3.71
120 (Control) | 14,94 87,17 Figure 3.72
120 (Test) 11,82 87,12 Figure 3.72
70°C 30 (Control) 17,66 87,23 Figure 3.73
30 (Test) 14 87,02 Figure 3.73
60 (Control) 15,15 86,95 Figure 3.74
60 (Test) 12,76 86,85 Figure 3.74
90 (Control) 16,02 86,77 Figure 3.75
90 (Test) 12,44 86,71 Figure 3.75
120 (Control) | 14,59 87,16 Figure 3.76
120 (Test) 12,62 87,12 Figure 3.76
75°C 120 (Control) | 15,69 87,3 Figure 3.77
120 (Test) 16,69 87,55 Figure 3.77
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3.3.7 Effect of Oxidative Stress on Differential Expression of Hsp60 a

Subunit Gene

Oxidative stress, by exposure of mid-log phase culture to 0,008 mM H,0, did
not induce expression of Hsp60 a subunit gene during 45 minutes (Figures
3.81-3.83). After 60 min exposure to H,O,, amplification of test cDNA was
slightly earlier than control cDNA as revealed by Real-time PCR graphics and
CP values (Figure 3.84). This might indicate that H,O, stress at 0,008 mM
concentration begins to induce expression of Hsp60 o subunit gene starting

from the 60th minute of exposure (Figure 3.84).

Oxidative stress imposed by 0,01 mM H,O, addition to mid-log culture
induced expression of Hsp60 o subunit gene increasingly for 90 minutes
(Figures 3.85-3.87). But induction was not observed at the 120th min of H,O,
application (Figure 3.88).
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Figure 3.81: Real-time PCR graphics of control and 0,008 mM H,O, exposed
samples (for 15 min).

CP:11 Test (15 min after addition of 0,008 mM H,0,) CP:11,16

Control (15th min. following 72 h growth)
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Figure 3.83: Real-time PCR graphics of control and 0,008 mM H,O, exposed

samples (for 45 min).
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Control (45th min. following 72 h growth)
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Figure 3.85: Real-time PCR graphics of control and 0,01 mM H,0, exposed

samples (for 30 min). Control (30th min. following 72 h growth) CP:
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Figure 3.86: Real-time PCR graphics of control and 0,01 mM H,O, exposed

samples (for 60 min).
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Figure 3.88: Real-time PCR graphics of control and 0,01 mM H,0, exposed
samples (for 120 min).
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Control (120th min. following 72 h growth)
Test (120 min. after addition of 0,01 mM H,O,) CP:

Exposure of the mid-log phase cultures to 0,02 mM H,0, induced expression

of Hsp60 a subunit gene increasingly for the 120 minutes (Figures 3.89-3.92).
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Figure 3.89: Real-time PCR graphics of control and 0,02 mM H,O, exposed

samples (for 30 min).
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Control (30th min. following 72 h growth) CP:

Test (30 min after addition of 0,02 mM H,0O,) CP: 18,89
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Figure 3.92: Real-time PCR graphics of control and 0,02 mM H,0, exposed
samples (for 120 min). e Control (120th min. following 72 h growth)
CP: 11,29 Test (120 min after addition of 0,02 mM H,0O,) CP:
10,79

Induction of expression of Hsp60 a subunit gene started 60 min later following
the addition of 0,03 mM H,O, to mid-log culture and induction lasted 90 min
(Figures 3.93-3.96). There was no induction of Hsp60 o subunit gene
expression within first 30 minutes of H,O, addition (Figure 3.93). Induction

was not obsered at 120th min of the H,O, addition (Figure 3.96).
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Figure 3.93: Real-time PCR graphics of control and 0,03 mM H,0, exposed
samples (for 30 min). == Control (30th min. following 72 h growth)
CP: 13,31 Test (30 min after addition of 0,03 mM H,0O,) CP: 13,73
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Figure 3.94: Real-time PCR graphics of control and 0,03 mM H,O, exposed

samples (for 60 min). Control (60th min. following 72 h growth)
CP: 12,54 Test (60 min after addition of 0,03 mM H,0O,) CP:
11,48
Amplification Curves Melting Peaks
18 28554 ”
145 g 2605
13 235
g 115 © 2105
SRRTE g 1,855
g a5 1605
g 7. §1.355
2 21105
u_?_' 7 085
" T 0805
! =)
- Boass| ~ =
0405 S
24 6 810121416 18202224 2628 30 3234 36 38 4D 42 44 5 70 7 80 85 a0 95
Cycles Temperature (°C)

Figure 3.95: Real-time PCR graphics of control and 0,03 mM H,0, exposed
samples (for 90 min). == Control (90th min. following 72 h growth)
CP: 11,72 Test (90 min after addition of 0,03 mM H,0O,) CP:
10,91

127



Amplification Curves Melting Peaks

16 3035
145 -~ 735
L R gms
g " 8 213
g 1 B 1 g5
g B-g: 51535,
g o H_E..'mas J
N £ 05 /
25 g 0635 o ————— J
i 035 -
0035{ =
246 610121416 132022242626 30 3234 36 36 40 42 44 & M 7 a0 i a %
Cycles Temperature (°C)

Figure 3.96: Real-time PCR graphics of control and 0,03 mM H,0, exposed
samples (for 120 min). == Control (120th min. following 72 h growth)
CP: 10,32 === Test (120 min after addition of 0,03 mM H,O,) CP:
11,69

H,0; stress at 0,05 mM concentration induced expression of Hsp60 a subunit
gene during first 30 minutes (Figures 3.97 and 3.98). Since cell growth was
significantly retarded after H,O, addition at this concentration, the amount of
RNA isolated from the samples was very low, especially after 30th min of the
addition. For this reason, Real-Time PCR for 45 and 60 min samples could not

be performed.
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Figure 3.97: Real-time PCR graphics of control and 0,05 mM H,0, exposed
samples (for 15 min). Control (15th min. following 72 h growth)
CP: 13,01 Test (15 min. after addition of 0,05 mM H,0,) CP:
12,21
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Figure 3.98: Real-time PCR graphics of control and 0,05 mM H,0, exposed

samples (for 30 min). Control (30th min. following 72 h growth)
CP: 10,83 Test (30 min. after additon of 0,05 mM H,0,) CP: 8,20

CPs and Tms for differential expression of Hsp60 o gene as a response to
oxidative stress by 0,008, 0,01, 0,02, 0,03 and 0,05 mM H,O, are listed in the
table 3.6.

3.3.8 Effect of Oxidative Stress on Differential Expression of Hsp60 B

Subunit Gene
Oxidative stress, imposed by additon of 0,008 mM H,O, to mid-log phase

culture did not induce expression of Hsp60 3 subunit gene during 60 minutes

(Figures 3.99-3.102).
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Table 3.6: CP and Tm values for Real Time PCR performed to analyze

differential expression of Hsp60 o gene as a response to oxidative stress.

H,0, [mM] Time CP Tm Figure
0,008 15 (Control) 11 86,47 Figure 3.78
15 (Test) 11,16 86,48 Figure 3.78
30 (Control) 10,83 86,50 Figure 3.79
30 (Test) 12,33 86,53 Figure 3.79
45 (Control) 11,61 86,63 Figure 3.80
45 (Test) 12,13 86,79 Figure 3.80
60 (Control) 12,09 86,65 Figure 3.81
60 (Test) 11,35 86,62 Figure 3.81
0,01 30 (Control) 19,95 87,28 Figure 3.82
30 (Test) 19,78 87,38 Figure 3.82
60 (Control) 18,16 87,34 Figure 3.83
60 (Test) 17,97 87,13 Figure 3.83
90 (Control) 21,93 87,60 Figure 3.84
90 (Test) 15,82 87,18 Figure 3.84
120 (Control) | 11,29 86,31 Figure 3.85
120 (Test) 11,51 86,30 Figure 3.85
0,02 30 (Control) 19,95 87,28 Figure 3.86
30 (Test) 18,89 87,19 Figure 3.86
60 (Control) 18,16 87,34 Figure 3.87
60 (Test) 16,32 87,19 Figure 3.87
90 (Control) 21,93 87,60 Figure 3.88
90 (Test) 18,19 87,07 Figure 3.88
120 (Control) | 11,29 86,31 Figure 3.89
120 (Test) 10,79 86,42 Figure 3.89
0,03 30 (Control) 13,31 87,16 Figure 3.90
30 (Test) 13,73 86,91 Figure 3.90
60 (Control) 12,54 87,15 Figure 3.91
60 (Test) 11,48 86,60 Figure 3.91
90 (Control) 11,72 86,71 Figure 3.92
90 (Test) 10,91 86,79 Figure 3.92
120 (Control) | 10,32 86,69 Figure 3.93
120 (Test) 11,69 86,64 Figure 3.93
0,05 15 (Control) 13,01 86,79 Figure 3.94
15 (Test) 12,21 86,60 Figure 3.94
30 (Control) 10,83 86,33 Figure 3.95
30 (Test) 8,20 86,34 Figure 3.95
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Figure 3.99: Real-time PCR graphics of control and oxidatively stressed (by
0,008 mM H,0,) samples at 15th min. Control (at 15th min. of 72 h
growth) CP: 13,03 Test (at 15th min. following addition of 0,008 mM

H,0,) CP: 15,10
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Figure 3.100: Real-time PCR graphics of control and oxidatively stressed (by
0,008 mM H,0,) samples at 30th min. Control (at 30th min. of 72
h growth) CP: 13,15 Test (at 30th min. following addition of
0,008 mM H,0,) CP: 14,90
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Figure 3.101: Real-time PCR graphics of control and oxidatively stressed (by
0,008 mM H,0,) samples at 45th min. Control (at 45th min. of 72 h

growth) CP: 13,08 Test (at 45th min. following addition of 0,008 mM
HzOz) CP: 14,97
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Figure 3.102: Real-time PCR graphics of control and oxidatively stressed (by
0,008 mM H,0,) samples at 60th min. Control (at 60th min. of 72 h
growth) CP: 12,51 Test (at 60th min. following addition of 0,008
mM H,0,) CP: 15,25

H,0, stress at 0,01 mM concentration induced expression of Hsp60 B subunit
gene for 90 minutes (Figures 3.103, 3.104 and 3.105). However, no induction

was observed, at this concentration, at 120th min of the H,O, addition (Figure
3.1006).
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Figure 3.103: Real-time PCR graphics of control and oxidatively stressed (by

0,01 mM H,0;) samples at 30th min, e
growth) CP: 15,92

mM H,0,) CP: 15,45
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Figure 3.104: Real-time PCR graphics of control and oxidatively stressed (by
0,01 mM H;0;) samples at 60th min. Control (at 60th min. of 72 h
growth) CP: 26,97 Test (at 60th min. following addition of 0,01 mM
H,0,) CP: 26,61
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Figure 3.105: Real-time PCR graphics of control and oxidatively stressed (by
0,01 mM H;0;) samples at 90th min.
growth) CP: 14,77
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Figure 3.106: Real-time PCR graphics of control and oxidatively stressed (by
0,01 mM H;0;) samples at 120th min.
72 h growth) CP: 14,90

Control (at 120th min. of
Test (at 120th min. following addition of

H,0,) CP: 16,10

H,0; stress at 0,02 mM H,O, concentration induced expression of Hsp60 3
subunit gene at 60th minute (Figures 3.107 and 3.108). Induction was not
observed after 90th min following H,O, addition (Figures 3.109 and 3.110).
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Figure 3.107: Real-time PCR graphics of control and oxidatively stressed (by
0,02 mM H;0;) samples at 30th min. == Control (at 30th min. of 72 h
growth) CP: 15,92 e Test (at 30th min. following addition of 0,02
mM H,0,) CP: 15,93
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Figure 3.108: Real-time PCR graphics of control and oxidatively stressed (by
0,02 mM H;0,) samples at 60th min. Control (at 60th min. of 72 h
growth) CP: 26,97 _________ Test (at 60th min. following addition of 0,02
mM H,0,) CP: 26,34
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Figure 3.109: Real-time PCR graphics of control and oxidatively stressed (by
0,02 mM H;0;) samples at 90th MiN. =e————Control (at 90th min. of 72 h
growth) CP: 14,77 Test (at 90th min. following addition of 0,02 mM
H,0,) CP: 14,86
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Figure 3.110: Real-time PCR graphics of control and oxidatively stressed (by
0,02 mM H;,0;) samples at 120th min.
72 h growth) CP: 14,90

0,02 mM H,0,) CP: 15,84

Control (at 120th min. of
Test (at 120th min. following addition of

Induction of Hsp60 B subunit gene expression was not observed at 0,03 mM
H,0; addition up to 60 minutes (Figures 3.111 and 3.112). H,O; stress at 0,03
mM concentration increasingly induced expression of the B-subunit gene at

90th min and 120th min (Figures 3.113 and 3.114).
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Figure 3.111: Real-time PCR graphics of control and H,O, exposed samples at

30
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Control (at 30th min. following 72 h growth) CP: 17,77

Test (30 min after 0,03 mM H,0,; addition) CP: 19,37
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Figure 3.112: Real-time PCR graphics of control and H,O, exposed samples at

60t

h min.:

Control (at 60th min. following 72 h growth) CP: 16,54

Test (60 min after 0,03 mM H,O; addition) CP: 18,88
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Figure 3.113: Real-time PCR graphics of control and H,O, exposed samples at
90th min. Control (at 90th min. following 72 h growth) CP: 17,18

Test (90 min after 0,03 mM H,O, addition) CP: 16,54
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Figure 3.114: Real-time PCR graphics of control and H,O, exposed samples at
120th min. Control (at 120th min. following 72 h growth) CP: 17,51
Test (120 min after 0,03 mM H,0,; addition) CP: 16,74

At 0,05 mM H,0, concentration Hsp60 3 subunit gene expression gradually
increased for 1 h following H,O; addition (Figures 3.115 and 3.116).
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Figure 3.115: Real-time PCR graphics of control and H,O, exposed samples at
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Figure 3.116: Real-time PCR graphics of control and H,O, exposed samples at

30th min.

Test (at 30th min. of 0,05 mM H,O; addition) CP: 12,85

Control (at 30th minute after 72 h growth) CP: 14,80

CPs and Tms for differential expression of Hsp60 B gene as a response to
oxidative stress induced by 0,008, 0,01, 0,02, 0,03 and 0,05 mM H,O, are
listed in the table 3.7
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Table 3.7: CP and Tm values for Real Time PCR performed to study

differential expression of Hsp60 3 gene as a response to oxidative stress.

H,0, [mM] Time CP Tm Figure
0,008 15 (Control) 13,03 87,02 Figure 3.96
15 (Test) 15,10 87,08 Figure 3.96
30 (Control) 13,15 87,13 Figure 3.97
30 (Test) 14,90 87,03 Figure 3.97
45 (Control) 13,08 87,08 Figure 3.98
45 (Test) 14,97 87,08 Figure 3.98
60 (Control) 12,51 87,23 Figure 3.99
60 (Test) 15,25 87,16 Figure 3.99
0,01 30 (Control) 15,92 87,04 Figure 3.100
30 (Test) 15,45 87,08 Figure 3.100
60 (Control) 26,97 86,46 Figure 3.101
60 (Test) 26,61 86,61 Figure 3.101
90 (Control) 14,77 87,08 Figure 3.102
90 (Test) 13,29 86,99 Figure 3.102
120 (Control) | 14,90 86,91 Figure 3.103
120 (Test) 16,10 87,01 Figure 3.103
0,02 30 (Control) 15,92 87,04 Figure 3.104
30 (Test) 15,93 87,01 Figure 3.104
60 (Control) 26,97 86,46 Figure 3.105
60 (Test) 26,34 86,61 Figure 3.105
90 (Control) 14,77 87,08 Figure 3.106
90 (Test) 14,86 86,94 Figure 3.106
120 (Control) | 14,90 86,91 Figure 3.107
120 (Test) 15,84 87,01 Figure 3.107
0,03 30 (Control) 17,77 87,49 Figure 3.108
30 (Test) 19,37 87,49 Figure 3.108
60 (Control) 16,54 87,54 Figure 3.109
60 (Test) 18,88 87,24 Figure 3.109
90 (Control) 17,18 87,43 Figure 3.110
90 (Test) 16,54 87,41 Figure 3.110
120 (Control) | 17,51 87,50 Figure 3.111
120 (Test) 16,74 87,40 Figure 3.111
0,05 15 (Control) 15,16 87,06 Figure 3.112
15 (Test) 15,08 87,29 Figure 3.112
30 (Control) 14,80 86,62 Figure 3.113
30 (Test) 12,85 86,64 Figure 3.113
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3.3.9 Band Density Analysis of Hsp60 o Subunit (TVN1128) cDNA
Samples Amplified From RNA Samples Isolated From Heat-Shocked and

Control Cultures

Densitometric analysis of the cDNA bands was performed by using Scion
Image Version Beta 4.0.2 software as an alternative method for quantifying
expression of Hsp60 a and B genes as response to heat shock and oxidative
stress by real-time PCR. For 65°C heat-shock experiment, the relative cDNA
band quantities were as follows: 2691,66 + 122,09 RPA (30 min control);
2856,33 = 115,76 RPA (30 min test); 2686,33 = 155,00 RPA (60 min control);
and 2952 + 53,33 RPA (60 min test) (Figure 3.117 Panel A). Relative band
quantities of cDNA samples synthesized from RNA isolated from 120 min heat
shocked culture at 65°C and control culture sample were 6110,66 £ 303,45
RPA and 5590 + 182,26 RPA, respectively (Figure 3.117 Panel B).

831 bp

A B

Figure 3.117: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Panel A lanes 1 and 2:
cDNAs synthesized from control RNA isolated from 30th min and 60th min
after 72 h growth, respectively. Lanes 3 and 4: cDNAs synthesized from RNA
isolated from 30 min and 60 min heat shocked samples at 65°C, respectively.
Panel B lane 1: cDNA synthesized from control RNA isolated from 120th min
after 72 h growth. Lane 2: cDNA synthesized from RNA isolated from 120 min
heat shocked sample at 65°C. M is EcoRI/HindIII cut Lambda DNA molecular
weight marker (MBI Fermentas, AB, Vilnius).
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In conclusion, there is a good agreement between the results of RT-PCR and
cDNA band density analysis for expression of Hsp60 o gene when T.

volcanium was exposed to heat shock at 65°C, for 30, 60 and 120 minutes.

Also, there is a good agreement between the results of RT-PCR and cDNA
band density analysis for heat shock exposure of 7. volcanium at 70°C, for 30-
120 min, and representative result for 90 min and 120 min heat-shock are

illustrated in Figure 3.118.

For example, relative band quantities for cDNAs synthesized from RNA
isolated from 90 min heat shock culture at 70°C and control culture were
1383,66 + 17,04 RPA and 1226,33 + 33,08 RPA respectively (Figure 3.118
Panel A). Relative band quantities of cDNA samples synthesized from RNA
isolated from 120 min heat shocked culture at 70°C and control culture sample
were 6818+92,37 RPA and 6030,33+44,30 RPA, respectively (Figure 3.118
Panel B).

Figure 3.118: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Panel A lane 1: cDNA
synthesized from RNA isolated from 90 min heat shocked samples at 70°C.
Lane 2: cDNA synthesized from control RNA isolated from 90th min after 72
h growth. Panel B lane 1: cDNA synthesized from control RNA isolated from
120th min after 72 h growth. Lane 2: cDNA isolated from 120 min heat
shocked sample at 70°C.
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For 75°C heat shock experiment, the relative cDNA band quantities were
5499,33 +£ 57,07 RPA (120 min control) and 5175 £+ 41,90 RPA (120 min test)
(Figure 3.119). This result also is in agreement with the results of RT-PCR

result.

1375 bp

Figure 3.119: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Lane 1: cDNA synthesized
from control RNA isolated from 120th min after 72 h growth. Lane 2: cDNA
sythesized from RNA isolated from 120 min heat shocked sample at 75°C. M
stands for the EcoRI /HindIII cut Lambda DNA molecular weight marker (MBI

Fermentas, AB, Vilnius).
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3.3.10 Band Density Analysis of Hsp60 B Subunit (TVN0507) cDNA
Samples Amplified From RNA Samples Isolated From Heat-Shocked And

Control Cultures

For 65°C heat shock experiment, the relative cDNA band quantities were:
838,66 = 18,15 RPA (30 min control); 1350,66 + 63,36 RPA (30 min test);
1460,33 + 99,68 RPA (90 min control) and 1509,66 + 78,50 RPA (90 min test)
(Figure 3.120 Panel A). Relative band quantities of cDNA samples synthesized
from RNA isolated from 60 min heat shocked culture at 65°C and control
culture sample were 6872+884,41 RPA and 5238+109,24 RPA, respectively
(Figure 3.120 Panel B).

831 hp
1375 bp

581 bp

A B

Figure 3.120: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVNO0507 Real Time PCR primers. M stands for the EcoRI
/HindIll cut Lambda DNA molecular weight marker (MBI Fermentas, AB,
Vilnius). Panel A lanes 1 and 3: cDNAs synthesized from control RNA
isolated from 30th and 90th minutes after 72 h growth, respectively. Lanes 2
and 4: cDNAs synthesized from RNA isolated from 30 min and 90 min heat
shock exposed samples at 65°C, respectively. Panel B lane 1: cDNA
synthesized from control RNA isolated from 60th minute after 72 h growth.
Lane 2: cDNA synthesized from RNA isolated from 60 min heat shocked
sample at 65°C.
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Relative band quantities of cDNA samples synthesized from RNA isolated
from 120 min heat shocked culture at 65°C and control culture sample were:
7329,66 + 287,97 RPA and 6609,33 + 137,31 RPA respectively. These results
of band quantity measurements were in agreement with those of Real-Time

PCR experiments for 65°C heat-shock (Figure 3.121 Panel A).

For 70°C and 75°C heat-shock, also the results of band quantity measurements
were consistent with those Real-Time PCR experiments. Some representative
cDNA amplification results related to these experiments are illustrated in

Figure 3.121 Panel B-C.

Relative band quantities of cDNA samples synthesized from RNA isolated
from 30 min heat-shocked culture at 70°C were: 6124,33 + 187,91 RPA (30
min test); 6256,33 + 142,72 RPA (30 min control). Relative band quantities of
cDNA samples synthesized from RNA isolated from 120 min heat-shocked
culture at 75°C were: 5137,66 + 421,09 RPA (120 min control); 4208,33 +
115,82 RPA (120 min test) (Figure 3.121 Panel B-C).

3.3.11 Band Density Analysis of Hsp60 o Subunit (TVN1128) cDNA
Samples Amplified From RNA Samples Isolated H,O; Stress Exposed and

Control Cultures

Band quantity measurements also supported the RT-PCR results, so that cDNA
band densities were lower than that of controls up to 45th min of 0,008 mM
H,0; exposure, but the opposite (i.e. higher relative band quantity of test) was
found at 60th min. of exposure. Representative results of these experiments is
shown in the Figure 3.119. The relative cDNA band quantities were: 3633,33 +
67,5 RPA (15 min control); 3495,66 = 2 RPA (15 min test); 3567 £ 110 RPA
(60 min control); 3709,33 £+ 63,6 RPA (60 min test) (Figure 3.122).
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1584 bp
1375 hp

A B C

Figure 3.121: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVNO0507 Real Time PCR primers. Panel A lane 1: cDNA
synthesized from control RNA isolated from 120 min after 72 h growth. Lane
2: cDNA synthesized from RNA isolated from 120 min heat shocked sample at
65°C. Panel B lane 1: cDNA synthesized from RNA isolated from 30 min heat
shocked sample at 70°C. Lane 2: cDNA synthesized from control RNA
isolated from culture at 30th minute after 72 h growth. Panel C lane 1: cDNA
synthesized from control RNA isolated from 120 min after 72 h growth. Lane
2: cDNA synthesized from RNA isolated from 120 min heat shocked sample at
75°C. M stands for the EcoRIl/Hindlll cut Lambda DNA molecular weight
marker (MBI Fermentas, AB, Vilnius).
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Figure 3.122: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Lanes 1 and 2: cDNAs
synthesized from control RNA isolated from 15th min and 60th min after 72 h
growth, respectively. Lanes 3 and 4: cDNAs synthesized from RNA isolated
from 15 min. and 60 min. oxidatively stressed samples at 0,008 mM H,O,

concentration, respectively.

Relative band quantity analysis, also revealed Hsp60 a gene expression was
induced for 90 min at 0,01 mM H,O, promoted oxidative stress, but induction
was observed throughout 120 min exposure to 0,02 mM H,O,. These results
were in agreement with RT-PCR results. Some representative cDNA
amplification results related to these experiments are illustrated in Figure
3.123. Relative band quantities of ¢cDNA samples synthesized from RNA
isolated from 120 min oxidatively stressed cultures at 0,01 mM and 0,02 mM
H,0, concentration and control culture sample were: 2857+78,62 RPA (120
min control) and 26824+39,04 RPA (120 min test oxidatively stressed at 0,01
mM H,0, concentration), 4919,66+39,8 RPA (120 min test oxidatively
stressed at 0,02 mM H,0, concentration) (Figure 3.123).
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Figure 3.123: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Lane 1: cDNA synthesized
from control RNA isolated from 120 min after 72 hour growth. Lane 2: cDNA
synthesized from RNA isolated from 120 min oxidatively stressed sample at
0,01 mM H,O;, concentration. Lane 3: negative control. Lane 4: cDNA
synthesized from RNA isolated from 120 min oxidatively stressed sample at

0,02 mM H,O, concentration.

There was also a good agreement between the results of RT-PCR and cDNA
band density analysis for 0,03 mM H,0, exposure of 7. volcanium cultures at
30th min, 60th min and 90th min of the oxidative stress. Representative results
of these experiments are shown in Figure 3.124. The relative cDNA band
quantities were: 2691,66 £ 122,09 RPA (30 min control); 1895,66 + 33,53
RPA (30 min test); 2686,33 = 155,00 RPA (60 min control); 2691 + 29,71
RPA (60 min test) and 2162,66 + 181,56 RPA (90 min control); 2268,66 +
172,17 RPA (90 min test) (Figure 3.124 Panel A and Panel B).
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Figure 3.124: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Panel A lanes 1 and 2:
cDNAs synthesized from control RNA isolated from 30 min and 60 min after
72 h growth, respectively. Lane 3 and 4: cDNA synthesized from RNA isolated
from 30 min and 60 min oxidatively stressed samples at 0,03 mM H,O;
concentration, respectively. Panel B lane 1: ¢cDNA synthesized from control
RNA isolated from 90 min after 72 h growth. Lane 2: cDNA synthesized from
RNA isolated from 90 min oxidatively stressed sample at 0,03 mM H,O,
concentration. M stands for the EcoRI/HindIll cut Lambda DNA molecular
weight marker (MBI Fermentas, AB, Vilnius).

The band quantity measurement results also supported the results obtained by
Real-Time PCR, for oxidative stress experiment at 0,05 mM H,O,
concentration for 15 min and 30 min. The result for cDNA samples from RNA
isolated from 30 min oxidatively stressed culture is shown in Figure 3. 125.
The relative cDNA band quantities of cDNA samples for the test and control
were: 4378 £ 277,0253 RPA (30 min test) and 4348,33 £ 107,2256 RPA (30
min control) (Figure 3.125).
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Figure 3.125: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN1128 Real Time PCR primers. Lane 1: cDNA synthesized
from RNA isolated from 30 min oxidatively stressed sample at 0,05 mM H,0O,
concentration. Lane 2: cDNA synthesized from control RNA isolated from 30
min after 72 h growth.

3.3.12 Band Density Analysis of Hsp60 B Subunit (TVN0507) cDNA
Samples Amplified From RNA Samples Isolated From H,0; Stress
Exposed and Control Cultures

In agreement with Real-Time PCR results, relative band density measurements
also showed that oxidative stress at 0,008 mM H,0O, concentration for 15-60
min did not induce Hsp60 3 gene expression. Results for this experiment are
given in the Figure 3.126. Relative band quantities of cDNA samples
synthesized from RNA isolated from 15 min, 30 min, 45 min and 60 min
oxidatively stressed cultures and control cultures sample were: 2995,3+46 RPA
(15 min control); 2523+15,3 RPA (15 min test); 2853+£58,6 RPA (30 min
control); 2366,6+56 RPA (30 min test); 2645+73,65 RPA (45 min control);
2440,3£8,96 RPA (45 min test); 2418,6+54,12 RPA (60 min control);
2381+48,5 RPA (60 min test) (Figure 3.126).
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Figure 3.126: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVNO0507 real time pcr primers. Lanes 1 to 4: cDNAs synthesized
from control RNA isolated from 15 min, 30 min, 45 min and 60 min after 72 h
growth. Lanes 5 to 8: cDNA synthesized from RNA isolated from 15 min, 30
min, 45 min and 60 min oxidatively stressed samples at 0,008 mM H,0,

concentration.

For oxidative stress experiment at 0,01 mM H,O; concentration, relative band
quantity analysis of cDNA samples synthesized from RNA isolated from 30-90
min oxidatively stressed culture indicated that Hsp60 B gene expression was
induced and no induction was observed at 120th min of H,O, exposure. This
result was in agreement with the Real-Time PCR result. Representative gel
photographs of cDNA samples are given in the Figure 3.127. Relative band
quantities of the test and control culture samples were: 1104+104,75 RPA (60
min control); 1328,66+11,72 RPA (60 min test); 3829,66+110,54 RPA (90 min
control); 3858,66+261,51 RPA (90 min test); 3801,66+223,94 RPA (120 min
control); 3319,66+195,43 RPA (120 min test) (Figure 3.127 Panel A and Panel
B).

For oxidative stress experiment at 0,02 mM H,O; concentration, relative band

quantities of cDNA samples synthesized from RNA isolated from 30 min and
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60 min showed that Hsp60 [ gene expression was not induced. After 90th
minute of the H,O, exposure there was an increase in the gene expression.
Representative results of these experiments are shown in the Figure 3.127
Panel B. Relative band quantities of the test and control cDNA samples of 90
min and 120 min oxidatively stressed cultures were: 3829,66+110,54 RPA (90
min control); 3629,33+207,76 RPA (90 min test); 3801,66+223,94 RPA (120
min control); 3099,334+225,78 RPA (120 min test). Relative band quantities of
cDNA samples synthesized from RNA isolated from control culture samples
are the same as that of the oxidative stress experiment at 0,01 mM H,O,
concentration. Because same control samples were used as in the oxidative
stress experiments at 0,01 mM and 0,02 mM H,O, concentrations (Figure

3.127).

There is also agreement between the results of RT-PCR and ¢cDNA band
density analysis for oxidative stress exposure of 7. volcanium at 0,03 mM
between 30th-120th min. As an example, for oxidative stress experiment at
0,03 mM H,O; concentration, relative band quantities of cDNA samples
synthesized from RNA isolated from 120 min oxidatively stressed culture and
control culture samples were: 838,66+18,15 RPA (120 min control) and
1852,66 + 147,63 RPA (120 min test) (Figure 3.128).

The cDNA band density analysis for oxidative stress imposed by the exposure
of T. volcanium at 0,05 mM yielded results that are in agreement with the Real-
Time PCR results. Under this condition induction of Hsp60 3 gene expression
continued for 60 min. Representative result for 15 min H,O, exposure is shown
in Figure 3.129. Relative band quantities of cDNA samples for the test and
control were: 2289,64+42,7 RPA (15 min control) and 2533,3+22 RPA (15 min
test) (Figure 3.129).
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64 bp

A B
Figure 3.127: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVNO0507 Real Time PCR primers. Panel A lane 1: cDNA
synthesized from control RNA isolated from 60 min. after 72 h growth. Lane 2:
cDNA synthesized from RNA isolated from 60 min oxidatively stressed
sample at 0,01 mM H,0, concentration. M stands for the EcoRI /HindIII cut
Lambda DNA molecular weight marker (MBI Fermentas, AB, Vilnius). Panel
B lanes 1 and 4: cDNAs sythesized from control RNA isolated from 90 min
and 120 min. after 72 h growth, respectively. Lanes 2 and 5: cDNAs
synthesized from RNA isolated from 90 min and 120 min oxidatively stressed
samples at 0,01 mM H,O, concentration, respectively. Lanes 3 and 6: cDNAs
synthesized from RNA isolated from 90 min and 120 min oxidatively stressed

samples at 0,02 mM H,O; concentration, respectively.

153



Figure 3.128: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVNO0507 Real Time PCR primers. M is the EcoRIl/HindIII cut
Lambda DNA molecular weight marker (MBI Fermentas, AB, Vilnius). Lane 1
cDNA synthesized from control RNA isolated from 120 min. after 72 h
growth. Lane 2: c¢DNA synthesized from RNA isolated from 120 min

oxidatively stressed samples at 0,03 mM H,0O, concentration.

Figure 3.129: Agarose gel electrophoresis of cDNA samples synthesized and
amplified by TVN0507 Real Time PCR primers. Lane 1: cDNA synthesized
from control RNA isolated from 15 min after 72 h growth. Lane 2: negative
control. Lane 3: cDNA synthesized from RNA isolated from 15 min

oxidatively  stressed samples at 0,05 mM H;O, concentration.
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3.4 Multiple Sequence Alignments of 7. volcanium Hsp60 o and § Subunit

Proteins

3.4.1 Sequence Alignments of 7. volcanium Hsp60 o Subunit With Several
Eukaryal, Archaeal and Bacterial Hsp60 Proteins

TVN1128 gene encodes Hsp60 o subunit protein of 549 aa length. This protein
has a predicted molecular mass of 58272.76 Da and a theoretical pl of 5.8261.
The T. volcanium Hsp60 o has the greatest similarity to 7. acidophilum
thermosome alpha chain. Multiple sequence alignments of amino acid
sequence of 7. volcanium Hsp60 o subunit protein with several eukaryal,
archaeal and bacterial Hsp60 proteins were achieved by using Clustal W 1.83
program as described in Section 2.6. Protein sequences of Hsp60 subunits of
organisms were derived from the online-database of NCBI (Figure 3.130).
Scores of this alignment are given in Table 3.8. The sequence alignment of 7.
volcanium Hsp60 o protein with homologs from other organisms shows that
this protein is more closely related to 7. acidophilum thermosome alpha chain
(CAC12109) (94%) and Picrophilus torridus thermosome subunit
(AAT43320) (80%). All members of the Euryarchaeota and Crenarchaeota are
clustered together. The identity between the 7. volcanium Hsp60 o and Hsp60
proteins from other archaeabacteria (except Halobacteria) is 50-60%. There is a
60% sequence similarity between 7. volcanium Hsp60 o and Hsp60 J3
(BAB59649). The lowest similarity (19-24%) was found between the sequence
of T. volcanium Hsp60 a subunit and GroEL sequences of some bacteria, i.e.
Clostridium tetani (AAO36881), Bacillus subtilis (NP_388484), Rhodococcus
sp. (YP _702111), Mycoplasma genitalum (NP_073065), Bacillus cereus
(NP _830146), B. thuringiensis (YP_893164) and Entorococcus faecalis (NP _
816272). On the other hand, various eukaryotic organisms including human
appear to have Hsp60 proteins with amino acid sequence identity of 37-39% to

T. volcanium Hsp60 o protein (Table 3.8).
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Figure 3.130: Clustal type multiple sequence alignments of amino acid sequence
of T. volcanium Hsp60 o subunit protein with several eukaryal, archaeal and

bacterial Hsp60 proteins. (*) conserved residues along all Hsp60 proteins, (.) and

——————————————————————————— MSYMLNPTIILLK---EGTDTSQGKGQII--SN
——————————————————————————————— MQPQIVLLK---EGTDSSQGKPQLV--SN
—————————————————————————————— MASAGDSILA---LTGKRTTGQGIRS—-QN
———————————————————— MSATATVATTPEGIPVIILK---EGSSRTYGKEALR—-IN
————————————— MLSAVEKMSTTATVATTPEGI PVIILK---EGSSRTYGKEALR--IN
————————————————————— MATATVATTPEGIPVIILK---EGSSRTYGKEALR--AN
—————————————————— MRKMATATVATTPEGIPVIILK---EGSSRTYGKEALR--AN
———————————————————— MATQQQPMTEPVGIPVIILK---EGTQRSYGREALR—-AN
—————————————————————— MSQAVLTQIGGVPVLVLK---EGTQRAFGKEALR--LN
—————————————————————————————— MANAPVLLLK---EGTQRSSGRDALK—-NN
———————————————————————— MIRNMMTGQVPILVLK---EGTQREQGKNAQR--NN
———————————————————————— MISNMMTGQVPILVLK---EGTQREQGKNAQR--NN
———————————————————————————— MITGQTPILILK---EGTERQQGKNAQK--NN
———————————————————————————— MIAGQ-PIFILK---EGTKRESGKDAMK--EN
————————————————————————— MAMLAGDGRQVLILP---EGYQRFVGRDAQR--MN
———————————————————————————— MAQGQQPILVLP---EGTSRYLGRDAQR--MN
———————————————————————————— MAMAGAPIVVLP---QNVKRYVGRDAQR--MN
——————————————————————————— MAQLAGQPILILP---EGTQRYVGRDAQR--MN
——————————————————————————— MAQLAGQPILILP---EGTQRYVGRDAQR—-MN
——————————————————————————— MAQLAGQPILILP---EGTQRYVGRDAQR—-MN
——————————————————————————— MAQLAGQPVVILP---EGTQRYVGRDAQR--LN
——————————————————————————— MAQLAGQPILILP---EGTQRYVGKDAQR--LN
——————————————————————————— MAQLSGQPVVILP---EGTQRYVGRDAQR--LN
——————————————————————————— MATLQGQPVLILR---EGTQRTVGRDAQR—-MN
——————————————————————————— MATLQGTPVLILK---EGTQRTVGRDAQR—-MN
—————————————————————————————— MAGQPIFILK---EGSKRTRGRDAQS—-NN
—————————————————————————————— MAGQPIFILK---EGSKRTRGRDAQS—-NN
—————————————————————————————— MAAQPIFILR---EGSKRTHGSDAQH--NN
————————————————————————— MAQQMGN-QPLIVLS---EDSQRTSGEDAQS - -MN
————————————————————————— MSQRMQQGQPMI ILG---EDSQRTSGQDAQS -~MN

MACNRATHRRSPWLLYRSTEFNHRLTMAQQOMGNQPMIVLS---EESQRTSGKDAQS--MN

———————————————————————— MAQQQRMOGQPMI IMG--~-DDAQRVKDRDAQE--HN
——————————————————————————— MMGH--RPVLVLS---QONTKRESGRKVQS—-GN
——————————————————————————— MMGH--RPVLVLS---QONTKRESGRKVQS—-GN
——————————————————————————— MMGH--RPVLVLS---QONTKRESGRKVQS—-GN
——————————————————————————— MMG---RPVLVLS---QONMKRESGRKVQS -GN
——————————————————————————— MMG---RPVLVLS---QONIKRESGRKVQI—--GN
——————————————————————————— MFGPGAAPIVVLS---QONTKRDVGRKVQR--EN
——————————————————————— MPENVASRSGPPAAGPGNRGKGAYQDRDKPAQIRFSN
——————————————————————————————————————————— MAKDIKFSEEARR--SM
——————————————————————————————————————————— MAKDIKFSEEARR--SM
——————————————————————————————————————————— MAKE IKFSEEARR—-AM
——————————————————————————————————————————— MAKE ITKFAEDARA--AM
————————————————————————————————————————— MEMAKS IMFGEDARR--SM
——————————————————————————————————————————— MAKI IAFDEEARR--GL,
——————————————————————————————————————————— MAKELIFGKDART--RIL

() conserved substitutions of amino acids residues.

Conserved sequences related to feature 1 and feature 2 were indicated by # and #

symbols on the multiple sequence alignment, respectively.
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FHEF HEHEH #

INACQAIANIVKTTLGPRGMDKLFIE-NGKILVTNDGATVMKNLDIVHP----AAKALVD
INACQSIVDAVRTTLGPRGMDKLIVDAHGKATISNDGATIMKLLEIIHP----AAKTLVD
VTAAVAIANIVKSSLGPVGLDKMLVDDVGDVIVTNDGATILKQLEVEHP----AGKVLVE
IAAVKAVEEALKTTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----AAKLLVQ
IAAVKAVEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----AAKLLVQ
IAAVKAIEEALKSTYGPRGMDKMFVDSLGDITITNDGATILDKMDLQHP----TGKLLVQ
IAAVKAIEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----TGKLLVQ
IMAVRATAQILKTTYGPKGMDKMLVDSLGDITITNNGATILDKMDVAHP----AAKMLVQ
IMIARATAEVMRTTLGPKGMDKMLIDSLGDITITNDGATILDEMDVQHP----IAKLLVE
ILAAVTLAEMLKSSLGPRGLDKMLIDSFGDVTITNDGATIVKEMEIQHP----AAKLLVE
IEAAKATADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHP----TAKMIVE
IEAAKATADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHP----TAKMIVE
IEAAKATADAVRTTLGPKGMDKMLVDSIGDIVITNDGATILKEMDIDHP----TAKMLVE
IEAATATISNSVRSSLGPRGMDKMLVDSLGDIVITNDGVTILKEMDVEHP----AAKMMVE
IMAARVVAETVRTTLGPMGMDKMLVDEMGDVVVTNDGVTILEEMDIEHP----AAKMVVE
ILAGKILAETVRTTLGPKGMDKMLVDSLGDIVVTNDGVTILKEMDIEHP----AAKMLVE
ILAGRITAETVRTTLGPKGMDKMLVDELGDIVVTNDGVTILKEMSVEHP----AAKMLIE
ILAARITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVE
ILAARITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVE
ILAARIVAETIRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVE
ILAARITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVE
ILAARIVAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVE
ILAARITAETVRTTLGPKGMDKMLVDSLGDIVVTNDGATILDKIDLQHP----AAKMMVE
IMAARVIAEAVRSTLGPKGMDKMLVDSLGDVVITNDGVTILKEIDVEHP----AAKMIIE
IMAARVIAEAVKSTLGPKGMDKMLVDSLGDVVITNDGVTILKEMDVEHP----AAKMIIE
IMAAKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----AAKMVVE
IMAAKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----AAKMVVE
IMAAKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----GAKMIVE
ITAGKAVAESVRTTLGPKGMDKMLVDSSGEVVVTNDGVTILKEMDIEHP----AANMIVE
ITAGKAVAEAVRTTLGPKGMDKMLVDSGGQVVVTNDGVTILKEMDIDHP----AANMIVE
ITAGTAVAEAVRTTLGPKGMDKMLVDNSGSVVVTNDGVTILDEMDIEHP----AANMIVE
ISAARAVADAVRSTLGPKGMDKMLVSSMGDVTVTNDGVTILQEMDIDNP----TAEMIVE
INAAKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIE
INAAKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIE
INAAKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIE
INAAKTIADIIRTCLGPRAMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIE
ISAAKTIADIIRTCLGPRAMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIE
IQAGKATADVIRTCLGPQAMLKMLMDPMGGIVMTNDGNAILREITVQHP----AGKSMIE
ISAAKAVADAIRTSLGPKGMDKMIQDGKGDVTITNDGATILKQMQVLHP----AARMLVE

LRGVDTLANAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKEIELEDAFENMGAKLVAE
LRGVDTLANAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKE IELEDAFENMGAKLVAE
LRGVDALADAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKE IELEDAFENMGAKLVAE
LRGVDVLADTVKVTLGPKGRNVVLEKSFGSPLITNDGVTIAKE IELEDHFENMGAKLVSE
QKGVDILADTVKVTMGPKGRNVVLDKKFGAPLITNDGVTIAREIELEDAYENMGAQLVKE
ERGLNALADAVKVTLGPKGRNVVLEKKWGAPTITNDGVSIAKEIELEDPYEKIGAELVKE
LOGINKIANAVKVTVGPKGONVILERKFANPLITNDGVTIAKEIELSDPVENIGAKVISV

* K . ce ke k.. .

Figure 3.130: continued
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#HHHH
IAMAQDSEVGDGTTTVVVLAGELLAQAKKLIEDGIHPQVIIKGYRMASNKAREVVNTMKI
IAKSQDAEVGDGTTSVVLLAGEFLKQVKPFVEEGVHPRVIIKATRKALQLCMEKINEMAV
LAQLODEEVGDGTTSVVIVAAELLKRADELVKQKVHPTTIINGYRLACKEAVKYISENIS
IAKGODEETADGTKTAVIFSGELVKKAEELLYKEIHPTIIVSGYKKAEEMAIKTI-EEIS
IAKGQDEETADGTKTAVILAGELVKKAEELLYKEIHPTIIVSGFKKAEEQALKTI-EEIA
IAKGODEETADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTI-QDIA
IAKGQDEETADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTI-QEIA
ISKGQEDEAGDGTKTTVIFAGELLKEAEKLLDINIHPTIIVEGYKEALRKASEVI-ESIA
ISKSQEEEAGDGTTTAVVLAGALLEEAEKLLEKNIHPTVIVSGFKKALDVAAEHL-RKVA
AAKAQDAEVGDGTTSAVVLAGLLLDKADDLLDONIHPTITIIEGYKKALNKSLEII-DQLA
VSKAQDTAVGDGTTTAVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKII-DEIS
VSKAQDTAVGDGTTTAVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKII-DEIA
ASKSQDTAVGDGTTTVVVLAGELLKQAESLLEQGVHSTVIASGYHLAVTEAKKQL-DSLA
VSKTQDSEVGDGTTTAVITIAGGLLQQAEALINONVHPTVISEGYRMASEEAKRII-DEIS
VAKTQEDEVGDGTTTAVVLAGELLHKAEDLLQODIHPTVIARGYRMAVEKAEEIL-EEIA
VAKTQEDEVGDGTTTAVIIAGELLKKAENLLEMEIHPTITAMGYRQAAEKAQEIL-DDIA
VAKTQEKEVGDGTTTAVVIAGELLRKAEELLDONIHPSVIINGYEMARNKAVEEL-KSIA
VAKTQDKEAGDGTTTAVVIAGELLKKAEELLDONIHPSITIIKGYTLASQKAQEIL-DSIA
VAKTQDKEAGDGTTTAVVIAGELLKKAEELLDONIHPSIVIKGYMLAAEKAQEIL-DSIA
VAKTQDKEAGDGTTTAVVIAGELLRKAEELLDONIHPSITIIKGYTLAAQKAQEIL-ENIA
VAKTQDKEAGDGTTTAVVIAGELLRKAEELLDONIHPSIIIKGYALAAEKAQEIL-DEIA
VAKTQDKEAGDGTTTAVVIAGELLRKAEELLNONIHPTIIVKGYTLAAEKAQEIL-ESIA
VAKTQDKEAGDGTTTAVVIAGELLRKAEELLDONIHPSITIIKGYALAAEKAQEIL-DEIA
VAKTQDNEVGDGTTTAVVLAGELLKRAEELLDQETHPAITANGYRYAAEKALEIL-NEIA
VAKTQDNEVGDGTTTAVVLAGELLKKAEELLDQDIHPTVIARGYRMAANKAVEIL-ESIA
VSKTQDEQVGDGTTSAAVVAGELLKKAEDLIEQETHPTITASGYRLAAEKAVEVL-NSLA
VSKTQDDEVGDGTTSAAVVAGELLNKAEDLIEQETHPTITASGYRLAAEKAIEVL-NSLA
VAKTQDAEVGDGTTTAAVLAGEFLTKAEDLLESGVHPTVIASGYRLAADQATKTI-DTIT
VAETQETEVGDGTTTSVVVSGELLSEAETLLEQDIHATTLAQGYRQAAEKAKELL-DDAA
VSETQEDEVGDGTTTAVINAGELLDQAEDLLDSDVHATTIAQGYRQAAEKAKEVL-EDNA
VAQTQEDEVGDGTTTAVVMAGELLSKAEELLDOQDIHASILAQGYRQAAEKAKEIL-EDNA
VAETQEDEAGDGTTTAVAIAGELLKNAEDLLERDIHPTAIIKGYNLAAEQAREEV-DNVA
ISRTQDEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRKALDDMISTL-KKIS
ISRTQDEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRKALDDMISTL-KKIS
ISRTQDEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRKALDDMISTL-KKIS
ISRTQDEEVGDGTTSVIILAGEMLSVAEQFLEQOMHPTVIISAYRKALDDMVNTL-KEIS
ISRTQDEEVGDGTTSVIILAGEMLSVAEQFLEQOMHPTVVIGAYRQALDDMLNIL-KDIS
IARTQDEEVGDGTTSVIVLAGEILATAEPFLEQNMHPTVIIRAYRQALEDIVTILNEQVS
LSKAQDIEAGDGTTSVVIIAGSLLDSCTKLLOKGIHPTIISESFQKALEKGLEIL-TDMS
VASKTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPMGLRKGIEKAVTAAIEEL-KTIS
VASKTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPMGLRKGIEKAVVAAVEEL-KTIS
VASKTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPVGVRKGMEQAVAVAIENL-KEIS
VASKTNDIAGDGTTTATVLTQAIVREGLKNVTAGANPLGIRRGIELATKTAVEEL-HNIS
VATKTNDVAGDGTTTATLLAQATITIREGLKNVTGGANPMLVRRGIQMAVEEAVKGI-KEIS
VAKKTDDVAGDGTTTATVLAQALVREGLRNVAAGANPLGLKRGIEKAVEAVTVRL-LETA
AAVSTNDIAGDGTTTATILAQEMTNRGIEI INKGANPVNIRRGIEDASLLIIKEL-EKYS

KAk . . * .
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DFD---KKDLM---EYLKNCAKTSMQSKLIAMQR--EHFTNIVVQSVMHLDDK--—-—-—--—
QIVEQSKDQQR---ALLEKCAATAMSSKLIHQQK--DFFSRIVVDAVLSLDEL--—-=-—--—
FTS---DSIGR---QSVVNAAKTSMSSKIIGPDA--DFFGELVVDAAEAVRVENN-GKVT

TKVSVNDT-——-—--— EILRKVALTSLSSKAVAGAR--EHLADIVVKAITQVAE-LRGDKWY
QKVSVNDM—-—-—-—-—-— DILKKVAMTSLNSKAVAGAR--EYLADIVAKAVTQVAE-LRGDRWY
QPVSINDT--—--—-— DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWY
QPVTINDT--—---- DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWY
EPVSYDDV-——-—--- EKLKLIAKTSLNSKAVAEAR--DYFAELAVEAVRTVAE-RRGDRWY
IPVNRTDV-=———— DTLRKIAMTSMGGKISETVK--EYFADLAVKAVLQVAE-ERNGKWY
TKIDVSNLNSLATRDQLKKIVYTTMSSKFIAGGEEMDKIMNMVIDAVSIVAEPLPEGGYN
VKS--TDD------— ETLRKIALTALSGKNTGLSN--TFLADLVVKAVNAVAEERD-GKIT
EKS--TDD------ ATLRKIALTALSGKNTGLSN--DFLADLVVKAVNAVAEVRD-GKTI
IKA--DDE-—----- ETLKRIAITALSGKNTSVAP--EFLADLVIKAVNAVAEERD-GKVI
TKIGKDEK------ ELLIKLAQTSLNSKSASVAK--DKLAEISYEAVKSVAELRD-GKYY
EEIDPDDE------ ETLKKIAKTAMTGKGVEKAR--DYLAELVVKAVKQVAEEED-GEIV
--IDASDR------— DTLMKVAMTAMTGKGTEKAR--EPLAELIVDAVKQVE--ED-GE--
KEVKPEDT------ EMLKKIAMTSITGKGAEKAR--EQLAEIVVEAVRAVVDEET-GK--
KEVKPDDE-—-—-—--— EVLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAEEKD-GKLK
KEVKPDDE-—-—-—--— EVLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAEEKD-GKFK
KEVKPDDE-—-—-—--— EILLKAAMTSITGKAAEEER--EYLAKLAVEAVKLVAEKED-GKYK
KDVDVEDR-—-—-—--— EILKKAAVTSITGKAAEEER--EYLAEIAVEAVKQVAEKVG-ETYK
KDVSPMDE-—-—-—--— EILMKAATTAITGKAAEEER--EYLAKLAVDAVKLVAEEVD-GKYI
IRVDPDDE-——---- ETLLKIAATSITGKNAESHK--ELLAKLAVEAVKQVAEKKD-GKYV
IPISKDDD-——-——- EILKKIATTAMTGKGAEVAI--DKLAEIAVNAVKMIAEESN-GQVE
MDIDVEDE------— ETLKKIAATAITGKHSEYAL--DHLSSLVVEAVKRVAEKVD-DRYK
MNVEMSNR-—-—----— ELLVSIAETAMTGKGAEASK--KLLSGIAVDAVTSVVDTN--GKKT
MSVDMGNR-—-—---— DLLLSIAETAMTGKGAESSK--KLLAEIAVDAVTSVVDTN--GKMS
ISASPEDT--—-—--- ETLEKIAATAITGKGAEAQK--EHLSRLAVKAVKSVAEISEDGKIT
IDVSADDT------ ETLEKIAATAMTGKGAENAK--GVLSDLVVRAVQSVADDND-—-—-—-—
IEVTEDDR-——-—--— ETLTKIAATAMTGKGAESAK--DLLSELVVDAVLAVKDDDG--—--—
IDVDADDT-—----— ETLEKVAATAMTGKGAESSK--DVLAELVVRAAQSVVDDDGS———-—
VDVDPDDK-—-—---— DLIRSVAETSMTGKGAELDK--ELLSSIIYDAVNQVAVETNDGGIV
IPVDINDS-——-—--- DMMLNIINSSITTKAISRWS--SLACNIALDAVKTVQFEEN-GRKE
IPVDISDS—-——-—-—-- DMMLNIINSSITTKAISRWS--SLACNIALDAVKMVQFEEN-GRKE
IPVDTSNR-——-—-—— DTMLNIINSSITTKVISRWS--SLACNIALDAVKTVQFEEN-GRKE
TPVDTNDR-———-—— ELMLKIINSAINTKAIKLWA--DMACGIALDAVKTVELEEN-GRKE
TPVDVSNR-————— DMMLKIINSAINTKALSRWS--TLACNIALDAVRTVELEEN-GRKE
IDLDCNDK-——-——— NKMIQVINSCVRTKFIGRWC--ELACQIALDAVYTVLLEEN-GRRE
RPVQLSDR-————-— ETLLNSATTSLNSKVVSQYS--SLLSPMSVNAVMKVIDPAT--ATS
KPIEGKSS-—=-———-—- IAQVAAISAADEEVGQLIA-EAMERVGNDGVITLEESKG-—--—-—
KPIEGKSS—-—=-——-—- IAQVAAISAADEEVGQLIA-EAMERVGNDGVITLEESKG-—--—-—
KPIEGKES-—-—-——--- IAQVAAISAADEEVGSLIA-EAMERVGNDGVITIEESKG-—--—--
SVVDSKEA-—-—-—-—-—---— IAQVAAVSSGSEKVGQLIA-DAMEKVGNDGVITIEESKG-—-—-—-—
KPVEGKED--—-——--- IARVAAISADDKEIGKLIA-DAMEKVGNEGVITVEESNT---—--
KEIDTKEQ---—-——-—-- IAATAGISAGDPSIGELIA-EAMDKVGKEGVITVEESNT -—--—--

KKINTNEE---—-—--- IEQVAAISSGSKEIGKLIA-QAMALVGKNGVITTDDAKT ---—--
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LDIDM-IGIKKEQGGSLEDSFTLEGVAFKKCFSYAGFEQQPKLFYKPKILCLNIELELKK
LPLNM-IGIKKVTGGSLEESQLVSGVAFKKTFSYAGFEMAPKSYDNCKIALLNIELELKA
YPINA-VNVLKAHGKSARESVLVKGYALNCTVASQAMPLR---VONAKIACLDFSLMKAK
VDLDN-VQIVKKHGGSINDTQIVYGIIVDKEVVHPGMPKR---VENAKIALLDASLEVEK
VDLDN-IQIVKKHGGSINDTQIIYGIVVDKEVVHPGMPKR---VENAKIALLDASLEVEK
VDLDN-VQIVKKHGGSINDTQLVYGIVVDKEVVHPGMPKR---IENAKIALLDASLEVEK
VDLDN-VQIVKKHGGSVNDTQLVYGIVVDKEVVHPGMPKR---IENAKIALLDASLEVEK
VDLNN-IQIVKKHGGSLRDTRLVRGIVLDKEVVHPDMPRR---VENARIALLDTPLEIEK
VDLDN-IQIVKKHGGSLLDTQLVYGIVVDKEVVHAAMPKR---VVNAKIALLDAPLEVEK
VPLDL-IKIDKKKGGSIEDSMLVHGLVLDKEVVHPGMPRR---VEKAKIAVLDAALEVEK
VDTAN-IKVDKKSGGSINDTQFISGIVVDKEKVHSKMPDV---VKDAKIALIDSALEIKK
VDTAN-IKVDKKNGGSVNDTQFISGIVIDKEKVHSKMPDV---VKNAKIALIDSALEIKK
VDTAN-IKVDKKNGGSATDTQFISGLIIDKEKVHSKMPSV---VKNAKIALINSALEIKK
VDFDN-IQVVKKQGGAIDDTALINGIIVDKEKVHPGMPDV---VKNAKIALLDAPLEIKK
IDTDH-IKLEKKEGGGLEDTELVKGMVIDKERVHPGMPRR---VENAKIALLNCPIEVKE
VEKDH-IKIEKKEGAAVDDSTLVQGVIIDKERVHPGMPKK---VENAKIALLNCPIEVKE
VDKDL-IKVEKKEGAPIEETKLIRGVVIDKERVNPOMPKK---VENAKIALLNCPIEVKE
VDIDN-IKLEKKEGGAVRDTRLIRGVVIDKEVVHPGMPKR---IENAKIALINDALEVKE
VDIDN-IKFEKKEGGAVSDTKLIRGVVIDKEVVHPGMPKR---VEKAKIALINDALEVKE
VDIDN-IKLEKKEGGSVRDTQLIRGVVIDKEVVHPGMPKR---VEKAKIALINDALEVKE
VDLDN-IKFEKKEGGSVKDTQLIKGVVIDKEVVHPGMPKR---VEGAKIALINEALEVKE
VDIDN-IKLEKKEGGSVRDTQLIKGVVIDKERVHPGMPKK---VENAKIALINEALEVKE
VDLDN-IKFEKKAGEGVEESELVRGVVIDKEVVHPRMPKR---VENAKIALINEALEVKK
VNTDY-IKIEKRQGGSIEETELVDGIVLDKEVVHPGMPKR---VENAKILLLDSALEVKE
VDEDN-IKLEKRQGGSVADTKLVNGIVIDKEVVHPGMPKR---VKNAKIAVLKAALEVKE
IDKDN-ISVVKKVGGRIEDSELIPGMIIDKERVHTNMPEK---VKDAKIALLNSAIELKD
VDKEN-ISVVKKVGGKTEDSELIPGMIIDKERVHTNMPEK---VKDAKIALLNTAIELKD
VDIED-IKVEKRPGGSIKDSEIVDGVIVDKERVHPAMPEV---VENAKILLLSVPIELKK
VDTDN-VKVEKVTGGAIENSELIEGVIVDKERVSENMPYA---VEDANIALVDDGLEVQE
IDTNN-VSIEKVVGGTIDNSELVEGVIVDKERVDENMPYA---VEDANIAILDDALEVRE
VDTDN-IQIETVVGGATDESELVEGVIVDKERVHDNMPFA---VEDADVALLDTAIEVPE
VDAAN-INIETQTGHGVNESQLLRGAAISKDPVHDOMPAA---VEDADVLLLNEAIEVEE
IDIKKYAKVEKIPGGIIEDSCVLRGVMINKDVTHPRMRRY ---IKNPRIVHVDSSLEYKK
IDIKKYARVEKIPGGIIEDSCVLRGVMINKDVTHPRMRRY ---IKNPRIVLLDSSLEYKK
IDIKKYARVEKIPGGIIEDSCVLRGVMINKDVTHPRMRRY ---IKNPRIVLLDSSLEYKK
IDIKKYAKVEKIPGGIIEDSCVLRGVMVNKDVTHPKMRRL---IKNPRIILLDCSLEYKK
IDIKKYAKVEKVPGGIIEDSCVLRGVMVNKDVTHPRMRRL---IKNPRIVLLDCSLEYKK
IDIKRYAKVEKIPGGTIEDSTVLKGVMENKDVTHPKMRRH---IKNPRIVLLDCSLEYKK
VDLRD-IKIVKKLGGTIDDCELVEGLVLTQKVANSGITR----VEKAKIGLIQFCLSAPK
—-———-FTTELDVVEGMQFDRGYASPYMITDSDKMEAVLDNPYILITDKKISNIQEILPVLE
—-———-FTTELDVVEGMQFDRGYASPYMITDSDKMEAVLDNPYILITDKKISNIQEILPVLE
—-—-——-FTTELEVVEGMQFDRGYASPYMVTDSDKMEAVLDNPYILITDKKITNIQEILPVLE
—-—-—-—IETELDVVEGMQFDRGYLSQYMVTDNDKMEAVLENPYILITDKKISNIQDILPLLE
—-—-—--MGTELDVVEGMQFDRGYVSPYMVTDTEKMEASLDDAYILITDKKITNIQEILPVLE
—-—-——-FGLQLELTEGMRFDKGYISAYFATDPERQEAVLEDAYILLVSSKISTVKDLLPLLE
————INTTLETTEGIEFKGTYASPYMVSDQEKMEVVLEQPKILVSSLKINTIKEILPLLE
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EKDN---AEVRIDDPTQYQKIVDAEWSILYEKLENIVKSGANIVLSKL----- PIGDLAT
ERDN---AEIRVDNVKEYQKVVDAEWQILYNKLAKIHESGANVVLSKL----- PIGDVAT
MHLG---ISVVVEDPAKLEAIRREEFDITKRRIDKILKAGANVVLTTG-—---- GIDDLCL
PELD---AEIRINDPTQMKKFLDEEENILKEKVDKIAQTGANVVICQK-—-—--- GIDEVAQ
PELD---AEIRINDPTOQMKKFLEEEENLLKEKVDKIAATGANVVICQK-—---- GIDEVAQ
PELD---AEIRINDPTOQMHKFLEEEENILKEKVDKIAATGANVVICQK-—-—--- GIDEVAQ
PELD---AEIRINDPTOQMHKFLEEEENILKEKVDKIAATGANVVICQK-—-—--- GIDEVAQ
PEID---LEISITSPEQIKALYEKQERILQEKIEKIAATGANVVITQK-—-—--- GIDDVAQ
PEID---AEIRINDPTOQMRAFLEEEERILRGYVDKLKSLGVIVLFTTK-—---- GIDDIAQ
PEIS---AKISITSPEQIKAFLDEEAKYLKDMVDKLASIGANVVICQK-—-—--- GIDDVAQ
TEIE---AKVQISDPSKIQDFLNQETSTFKEMVEKIKKSGANVVLCQK--—-— GIDDVAQ
TEIE---AKVQISDPSKIQDFLNQETNTFKOMVEKIKKSGANVVLCQK--——-— GIDDVAQ
TEIE---AKVQINDPSKIQEFLDQETDTFKEMVEKVKKSGANVLLCQK--—-— GIDDTAQ
PEFD---TNLRIEDPSMIQKFLAQEENMLREMVEKIKSVGANVVITQK-—-—--- GIDDMAQ
TETD---AEIRITDPEQLQAFIEEEERMLSEMVDKIAETGANVVFCQK--—-— GIDDLAQ
TEVD---AEIRITDPSQMQOAFIEQEEQMIRDMVNSIVDTGANVLFCQK--—-— GIDDLAQ
TETD---AEIRITDPAKLMEFIEQEEKMIKDMVEKIAATGANVVFCQK--—-— GIDDLAQ
TETD---AEIRITSPEQLOQAFLEQEEKMLKEMVDKIKEVGANVVEVQK--—-— GIDDLAQ
TETD---AEIRITSPEQLOQAFLEQEEKMLKEMVDKIKEVGANVVEVQK--—-— GIDDLAQ
TETD---AEIRITSPEQLOQAFLEQEERMLREMVEKIKEVGANVVEVQK--—-— GIDDLAQ
TETD---AEIRITSPEQLOQAFLEQEEKMLREMVDKIKEVGANVVEVQK----— GIDDLAQ
TETD---AEIRITSPEQLOQAFLEQEEKMIKEMVDKIVATGANVVFCQK----— GIDDLAQ
TETD---AKINITSPDQLMSFLEQEEKMLKDMVDHIAQTGANVVEVQK-—-—-— GIDDLAQ
TEID---AKIRITDPEKLOQKFIEQEEAMLKEMVDKIVNAGANVVFCQK--—-— GIDDLAQ
TETD---AEIRITDPDQLMKFIEQEEKMLKEMVDRLAEAGANVVFCQK-—---— GIDDLAQ
TEVD---AEISITSPDQLOSFLDQEEAMLKKIVQKVISSGANVVFCQK-—-—-— GVEDLAQ
TEVD---AEISITSPDQLOSFLDQEEQMLKKIVQKVINSGANVVFCQK-—-—-— GVEDLAQ
TETK---AEIKITNPDOMQLFLDQEEAMLKEIVDKVIKTGANVVFCQK----— GIDDLAQ
TEID---TEVNVTDPDQLONFLDQEEEQLKEMVDALKDAGANVVFADS-———-— GIDDMAQ
TEID---AEVNVTDPDQLQQFLDQEEKQLKEMVDQLVEVGADAVEVGD--——-— GIDDMAQ
TELD---TEVNVTDPDQLQQFLDQEEEQLKEMVDQLAEAGADVVFCQK--—-— GIDDMAQ
AEAD---TSVNIESPDQLQSFLDQEEKQLKEKVQQIADTGANVVEFCQK-—-—-—-- GIDDMAQ
GESQ---TDIEITREEDFTRILOMEEEYIQQLCEDIIQLKPDVVITEK--—-— GISDLAQ
GESQ---TDIEITREEDFTRILOMEEEYIQQLCEDIIQLKPDVVITEK--—-— GISDLAQ
GESQ---TDIEITREEDFTRILOMEEEYIQQLCEDIIQLKPDVVITEK-—-——— GISDLAQ
GESQ---TEIEITREEDFARILOMEEEYIQQVCEDIIRLKPDVVITEK--——-— GISDLAQ
GESQ---TDIEIAREEDFARILOMEEEYVQQICEDIIRLKPDLIFTEK--—-— GISDLAQ
GESQ---TNIEIMKDTDFTRILELEEEFVKKMCEDIISVKPDVVITEK--—-— GVSDLAQ
TDMD---NQIVVSDYAQMDRVLREERAYILNLVKQIKKTGCNVLLIQKSILRDALSDLAL
QVVQQOGKPLLITAEDVEGEALATLVVNKLRGTFNVVAVKAPGFGDRRKA----MLEDIAT
QVVQQGKPLLITAEDVEGEALATLVVNKLRGTFNVVAVKAPGFGDRRKA----MLEDIAT
QVVQOGKPLLLIAEDVEGEALATLVVNKLRGTFNAVAVKAPGFGDRRKA----MLEDIAV
QILQQOSRPLLITADDVDGEALPTLVLNKIRGTFNVVAVKAPGFGDRRKA----MLEDIAT
QIVQQOGKRLLIISEDIEGEALATLVVNKLRGTFTCVAVKAPGFGDRRKE----MLEDIAT
KVIQSGKPLVITIAEDVEGEALSTLVVNKIRGTFKSVAVKAPGFGDRRKA----QLADIAT

GSVENGNPLLIVAPDFAEEVVTTLAVNKLRGTINVVAVKCNEYGERQKA----ALEDLAT
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QY----FADRKIFCAGRVEEDDMKRVCLATGAQVQTTVSELN-—-—-—---— DSVLG-TCGKFE
QY----FADRDIFCAGRVPEEDLKRTMKACGGAVMTTANDIK---—--- PNVLG-LCEHFE
KQ----FVESGAMAVRRCKKSDLKRIAKATGATLTVSLATLEGDEAFDASLLG-HADEIV
HY----LAKKGILAVRRAKKSDLEKLARATGGRVVSNIDELT------ SQODLG-YATLVE
HY----LAKKGILAVRRAKKSDLEKLARATGGRVVSNIDELT---—--- PODLG-YAALVE
HY----LAKKGILAVRRAKKSDLEKLARATGGRVISNIDELT------ SQDLG-YAALVE
HY----LAKKGILAVRRAKKSDLEKLARATGGRVISNIDELT------ SQDLG-YAALVE
HF----LAKKGILAVRRVKRSDIEKIARATGARIVTDIEDLR------ PEDLG-YAELVE
YY----LAKAGILAVRRVKRSDIEKLVRATGARLVTSIEDLT------ EADLG-FAGLVE
HF----LAKKGILAVRRVKRSDIEKLEKALGARIISSIKDAT------ PEDLG-YAELVE
HY----LAKEGIYAVRRVKKSDMEKLAKATGAKIVTDLDDLT------ PSVLG-EAEKVE
HY----LAKEGIYAVRRVKKSDMEKLAKATGAKIVTDLDDLT------ PSVLG-EAETVE
YY----LAKEGIYAVRRVKQSDMEKLAKATGAKIVTDLDDLT---—--- PDSLG-TAEKVE
HY----LSKEGIYAVRRVKKSDMDKLAKATGATVVSTIDEIS-—----- ASDLG-SADRVE
HY----LAKKGILAVRRVKKSDMQKLARATGARIVTNIDDLS-—----- EEDLG-EAEVVE
HY----LAKAGVLAVRRVKKSDMEKLSKATGANIVTNIEDLS-—----- PEDLG-EAGVVS
HY----LAKKGILAVRRVKKSDMEKLAKATGARIVTKIDDLT------ PEDLG-EAGLVE
HY----LAKYGILAVRRVKKSDMEKLAKATGAKIVTNIRDLT------ PEDLG-EAELVE
HY----LAKYGILAVRRVKKSDMEKLAKATGAKIVTNIRDLT------ PEDLG-EAELVE
HY----LAKYGIMAVRRVKKSDMEKLAKATGAKIVTNIRDLT------ PEDLG-YAELVE
HY----LAKYGIMAVRRVKKSDMEKLAKATGAKIVTNVRDLT------ PEDLG-EAELVE
HY----LAKAGILAVRRVKKSDMEKLAKATGAKIVTNVRDLT---—--- PDDLG-YAELVE
HY----LAKYGIMAVRRVKKSDMEKLAKATGAKIVTNVKDLT---—--- PEDLG-YAEVVE
YY----LAKAGVLAVRRVKKSDMEKLAKATGAKVLTDLRDIS--—---- SEDLG-EAALVE
YY----LAKAGILAVRRVKQSDIEKIAKACGAKIITDLREIT------ SADLG-EAELVE
HY----LAKAGIFATIRRVKKSDMEKLARATGGKLITNLDEIT------ PEDLG-FAKLVE
HY----LAKAGIFAVRRVKKSDMEKLARATGGKLITNLDEIV-—-—---- PEDLG-FAKLVE
YY----MTKAGIFGMRRVKKSDMDKLSRATGAKIITSLDEIE-—-—---- ESDLG-HAGLVE
HY----LAKEGILAVRRAKSDDFTRLSRATGATPVSNVNDIE------ AADLG-AAGSVA
HY----LAKEGILAVRRAKSSDLKRLARATGGRVVSSLDDIE--—---- ADDLG-FAGSVG
HY----LAQEGILAVRRAKKSDIEALSRSTGARIISNIDDIE------ ADDLG-FAGSVA
HY----LAKEGILAVRRTKKSDIEFLTNVLDASVVTDLDAAS-——-—---— EADV--VAGSVT
HY----LMRANITATRRVRKTDNNRIARACGARIVSRPEELR------ EDDVGTGAGLLE
HY----LMRANITATRRVRKTDNNRIARACGARIVSRPEELR------ EDDVGTGAGLLE
HY----LMRANITATRRVRKTDNNRIARACGARIVSRPEELR------ EEDVGTGAGLLE
HY----LVKANITAVRRVRKTDNNRIARACGARIASRTDELR------ EEDVGTGAGLFE
HY----LMKANITATRRIRKTDNNRIARACGARIASRTDELT------ EDDVGTGAGLFE
HY----LVKAGISATIRRLRKSDINRIARACGATVVNRTEELR------ DEDVGTRAGLFE
HF----LNKMKIMVVKDIEREDIEFICKTIGTKPVAHIDQFT------ PDMLG-SAELAE

LTGGEVITEELGRDLKSATVESLGRAGKVVVTKENTTVVEGVGSTEQIEARIGQIRAQLE
LTGGEVITEELGRDLKSATVESLGRAGKVVVTKENTTVVEGVGSTEQIEARIGQIRAQLE
LTGGEVITEDLGLDLKSTQIAQLGRASKVVVTKENTTIVEGAGETDKISARVTQIRAQVE
LTGGTVITDDLGLELKDTTIENLGNASKVVVDKDNTTIVEGAGSKEAIDARVHLIKNQIG
LTGGQVISEEIGRDLKDVTVDMLGRAESVKITKETTTIVNGKGNKKEIEDRVNQIKAQIE
LTGGEVISEEVGLSLETAGLELLGQARKVVITKDETTIVEGAGDPEATIAGRVAQIRAEIE
SSGTLAYNNEINSGFKDVTVDNLGDARKVQIAKEKTTVIGGKGNKDKIKKHVELLNGRLK
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giP61111
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91028045
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giNP_633403
giAAZ70052
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giNP_830146
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giNP_073065

EQQIGKERYNLFSG-CTAA-KSSTIILRGGGEHFIDEAERSLHDAIMIVRRALKHKQMVT
ERQVGGERFNLFQG-CPNA-KTSTLILRGGAEQFLEETERSLHDAIMIVRRTIKHDSVVA
QERISDDELILIKG-PKSR-TASSIILRGANDVMLDEMERSVHDSLCVVRRVLESKKLVA
ERKIGEDKMVFIEG-AKNP-KAVSILIRGGLERVVDETERALRDALGTVADVVRDGRATIA
ERKVGEDKMVFVEG-AKNP-KAVSILIRGGLERVVDETERALRDALGTVADVIRDGRAVA
ERKVGEDKMVEFVEG-AKNP-KSVSILIRGGLERVVDETERALRDALGTVADVIRDGRAVA
ERKVGEDKMVEFVEG-AKNP-KSVSILIRGGLERVVDETERALRDALGTVADVIRDGRAVA
ERKVGEDKMVFIEG-AKNP-KSVTILLRGGFERLVDEAERSLHDALSVVADAIMDGKIVA
ERRVGDEKMVEFVEQ-CKNP-KAVSILVRGGFERLVDEAERNLDDALSVVSDVVEDPYILP
ERRVGNDKMVFIEG-AKNP-KAVNILLRGSNDMALDEAERSINDALHSLRNVLMKPMIVA
ERKIGDDRMTEFVTG-CKNP-KAVSILIRGGTEHVVSEVERALNDAIRVVAITKEDGKELW
ERKIGDDRMTFVMG-CKNP-KAVSILIRGGTDHVVSEVERALNDAIRVVAITKEDGKELW
ERKIGDDRMTFITG-AKNP-KAVSILIRGGTEHVVDEIERALHDAIRVVAITKEDGKYLP
QVKVGDDYMTFVTG-CKNP-KAVSVLVRGETEHVVDEMERSITDSLHVVASALEDGAYTA
EKKVAGDKMIFVEG-CKDP-KAVTILIRGGTEHVVDEAERAIEDAIGVVAAALEDGKVVA
EKKISGEEMIFVEE-CKEP-KAVTILVRGSTEHVVSEVERAIEDAIGVVAATVEDGKVVA
ERKVAGDAMIFVEQ-CKHP-KAVTILARGSTEHVVEEVARAIDDAIGVVKCALEEGKIVA
ERKVAGENMIFVEG-CKNP-KAVTILIRGGTEHVVDEVERALEDAIKVVKDILEDGKIIA
ERKVAGENMIFVEG-CKNP-KAVTILIRGGTEHVVDEVERALEDAVKVVKDILEDGKIIA
ERKVAGESMIFVEG-CONP-KAVTILIRGGTEHVVDEVERALEDAIKVVKDILEDGKILA
QRKVAGENMIFVEG-CKNP-KAVTILIRGGTEHVVDEVERALEDAVKVVKDIVEDGKIVA
ERKVAGENMVEFVEG-CKNP-KAVTILIRGGTEHVVDEVERALEDAIKVVKDIVEDGKIVA
ERKLAGENMIFVEG-CKNP-KAVTILIRGGTEHVIDEVERALEDAVKVVKDVMEDGAVLP
ERKVGDEKMVEVTG-CKNP-KAVTILVRGGTEHVVEEIARGIEDAVRAVACAVEDGKVVV
ERKVGDEKMVFIEG-CKNP-KAVTILIRGGSEHVVDEVERSLODAIKVVKTALESGKVVA
EKKVGGDSMTEFVTG-CDNP-KAVTILLRGGTEHVVDSVDSALEDALRVVGVAIEDEKLVS
EKKVGGDSMTFVTG-CDNP-KAVTILLRGGTEHVVDSIDSALEDALRVVGVAIEDEKLVA
EKDVTGSRMTFVTG-CKDS-KATSILLRGGTEHVVEGIERALEDALRVVGVALEDQKIVV
QKDIGGDERIFVED-VEEA-KSVTLILRGGTEHVVDEVERAIEDSLGVVRVTLEDGQVMP
QKDVGGDERIFVED-VEDA-KSVTLILRGGTEHVVDELERAIEDSLGVVRTTLEDGKVLP
QKDIAGDERIFVED-VEDA-RAVTMILRGGTEHVVDEVERAIEDSLGVVAATLEDGKVLP
RD--SDDELFYVEGESEQA-HGVTLLLRGSTDHVVDELERGVSDALDVSAQTLSDGRVLP
IKKIGDEYFTFITE-CKDP-KACTILLRGASKEILSEVERNLODAMQVCRNVLLDPQLVP
IKKIGDEYFTFITD-CKDP-KACTILLRGASKEILSEVERNLODAMQVCRNVLLDPQLVP
IKKIGDEYFTFITE-CKDP-KACTILLRGASKEILSEVERNLODAMQVCRNVLLDPQLVP
IKKIGDEYFTFITD-CKDP-KACTIVLRGASKEILAEVERNLODAMQVCRNVVIDPYLVP
VKKIGDEYFTEVTE-CKDP-KACTILLRGASKEILAEVERNLODAMQVCRNVLLDPYLLP
IKKVGDEYFCFITE-CKDP-KACTIILRGASKDVLNETERNLODALHVARNLLIEPKLVP
EVSLNGSGKLFKITGCTSPGKTVTIVVRGSNKLVIEEAERSIHDALCVIRCLVKKRALIA
ETTSEFDREKLQERLAKLAGGVPVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVA
ETTSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVA
ETTSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVS
ETTSDFDREKLQERLAKLAGGVAVVKVGAATETELKELKLRIEDALNATRAAVEEG-MVS
ETTSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALAATKAAVEEG-IIP
NSDSDYDREKLQERLAKLAGGVAVIKAGAATEVELKERKHRIEDAVRNAKAAVEEG-IVA
QTTDKYDSDLIKERIAYLSQGVAVIRVGGATELAQKELKLRIEDALNSTKAAVEEG-IIA
. . *
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GGGAVEMEISRQLKEYAMTIE-—-—-——-———-—— GKIQYVILGYAKAFEGIPRQLADNAGEDP
GGGAIEMELSKLLRDYSRTIA-—-—-—=———-—— GKEQLLIAATAKGLEIIPRQLCDNAGEDA
GGGAVETSLSLFLETYAQTLS————————-—— SREQLAVAEFASALLITIPKVLASNAARDS
GGGAVETEIAKRLRKYAPQVG-———————-—— GKEQLAIEAYANALESLVMILIENGGEDP
GGGAVELETIAKRLRKYAPQIG-—-—-—=———-—— GKEQLATIEAYASALENLVMILIENGGYDP
GGGAVEIEIAKRLRKYAPQVG-———————-—— GKEQLAIEAYANAIEGLIMILAENAGLDP
GGGAVEIEIAKRLRKYAPQVG-———————-—— GKEQLAIEAYANAIEGLIMILAENAGLDP
GGGAVEAEVAKVLYEYASKLP-—-—-——-——-—— GKTQLAVEAFARAVEALPQALAHNAGHDP
AGGAAEIEAAKAVRAFAPKVG-—-———————— GREQYAVEAFARALEVIPKALAENAGLDP
GGGAVETELALRLREYARSVG-—-=—=———-—— GKEQLAIEKFAEALEEIPMILAETAGMEP
GGGAVEAELAMRLAKYANSVG-—=—=———-—— GREQLAIEAFAKALEIIPRTLAENAGIDP
GGGAVEAELAMRLAKYANSVG-—=—=———-—— GREQLAIEAFAKALEIIPRTLAENAGIDP
GGGAIEAELSMKIRDYANSVG-——==———-—— GREQLAIEAFAKALEIIPRTLAENAGMDP
GGGATAAETIAVRLRSYAQKIG-—-——=———-—— GRQQOLAIEKFADAIEEVPRALAENAGLDP
GGGAPEVEVARQLRDFADGVE-————-———-—— GREQLAVEAFADALEIIPRTLAENSGLDP
GGGAPEIEIAKRLKDYADSIS-—-—-—=———-—— GREQLAVSAFAEALEIVPKTLAENAGLDS
GGGATEIELAKRLRKFAESVA-—-—-——-———-—— GREQLAVKAFADALEVIPRTLAENSGLDP
GGGASEIELSIKLDEYAKEVG-———=———-—— GKEQLAIEAFAEALKVIPRTLAENAGLDP
GGGAAEIELSIKLDEYAKEVG-—-—-——=———-—— GKEQLAIEAFAEALKVIPRTLAENAGLDP
GGGAPEIELAIRLDEYAKEVG-—-——=———-—— GKEQLAIEAFAEALKVIPRTLAENAGLDP
AGGAPEIELSIRLDEYAKEVG-——-——————— GKEQLAIEAFAEALKVIPRTLAENAGLDP
GGGASEIELAIRLDEYAKEVG-—-——=———-—— GKEQLAIEAFADALKVIPRTLAENAGLDP
AGGAPEIELAIRLDEYAKQVG-————————— GKEALATIENFADALKIIPKTLAENAGLDT
GAGAPEIEVSLKLREWAPSLG-—-——————-—— GREQLAVEAFATALEIIPRTLAENAGLDP
GGGAPEIEVALKIRDWAPTLG-—-—-—=———-—— GREQLAAEAFASALEVIPRALAENSGLDP
GGGSPEVEVALRLQEYAATLE-—-——————-—— GREQLAVKAYSEALEVIPRTLAENAGLDP
GGGSPEVEVALRLQEYAATLE-—-——————-—— GREQLAVKAYSEALEVIPRTLAENAGLDP
GGGSPEIELSLRLKEYAATLK-—-——————-—— GREQLAVMKFAESLEIIPSTLAENAGLDP
GGGAPETELAMQLRDFADSVG-——=—=—=——-—— GREQLAVEAFADALEVIPRTLAENAGHDP
GGGAPETELSLQLREFADSVG-———=—=——-—— GREQLAVEAFAEALDIIPRTLAENAGLDP
GGGAPETQLALGLRDHADSVG-—====——-—— GREQLAVEAFADAIDVIPRTLAENAGLDP
GGGATEVEVASRLRDFADSVS—-—=——-———-—— GREQLAVEAFADSLELVPRVLAENAGLDS
GGGASEMAVAHALTEKSKAMT -——-——-———-—— GVEQWPYRAVAQALEVIPRTLIQNCGAST
GGGASEMAVAHALTEKSKAMT -——-——-——-—— GVEQWPYRAVAQALEVIPRTLIQNCGAST
GGGASEMAVAHALTEKSKAMT -——-——-———-—— GVEQWPYRAVAQALEVIPRTLIQNCGAST
GGGASEMSVAHILTEKSKTMT -——-——-—-——-—— GVEQWPYRAVAQALEVIPRTLIQNCGAST
GGGAVEMEVSHRLTERSRAMT - ————-———-—— GVEQWPYRAVAQALEVVPRTLIQNCGASA
GGGAVEMAVSRLLTEKAARLA-—-—-—————-—— GVEQWPYKAVAQALEITIPRTLAQNCGANT
GGGAPEIELALRLTEYSRTLS-——=—————-—— GMESYCVRAFADAMEVIPSTLAENAGLNP
GGGTSLMNVYTKVASIVAE--—-————-———-—— GDEATGINIVLRALEEPVRQIAINAGLEG
GGGTSLMNVYTKVASIVAE--—-—-———-———-—— GDEATGINIVLRALEEPVRQIAINAGLEG
GGGTALVNVYNKVAAVEAE--—-—-—-——-———-—— GDAQTGINIVLRALEEPIRQIAHNAGLEG
GGGTALVNVIGKVAALEAE---—-—-——-———-—— GDVATGIKIVVRALEEPIRQIAENAGYEG
GGGTAYAMVIKEVEKLNSET--—-—-—————-—— HDIKLGIDIVKKSLEEPVRQIACNAGVEG
GGGVALLQSAPALDDLKLE--—-—===———-—— GDEATGANIVRVALEAPLKQIAFNAGLEP

GGGVGLLNASCVLTNSKLKERYENETSVENIKEILLGFEIVQKSLEAPARQITIQNSGVDP

* .
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TNILNLLRKKHAEGGL--—-—-—-—-—-— WYGVNVNEEGILD-MMEAQVWEPALIKLNAIAAATE
TNILNKLRQKHAQGGQ-—-——-—-——— WYGVDINKEDISD-NYEQCVWEPSIIKINALTAAAE
TDLVTKLRAYHSKAQLIPQLOHLKWAGLDLEEGTIRD-NKEAGILEPALSKVKSLKFATE
IELLVKLRSAHENETN-—-—-—---- KWHGINVYTGQIQD-MWSLGVIEPAVVKMNAIKAATE
IDLLVKLRSAHENEAN-—-—-—-—-— KWYGINVEFTGQVED-MWKLGVIEPAVVKMNAIKAATE
IDKLMQLRSLHENETN-—-———--— KWYGLNLEFTGNPED-MWKLGVIEPALVKMNAIKAATE
IDKLMQLRSLHENETN-—-———--— KWYGLNLFTGNPED-MWKLGVIEPALVKMNAVKAATE
IEVLVKLRSAHEKPEN-—-—-—-—-- KWYGVDLDTGEIVD-MWSRGVLEPMRVKLNALKAATE
IDILTELTHKHEQTDG-—-————-— WKYGLDVYQGKVVD-MVSLGLVEPLTVKINALKVAVE
IQTLMDLRAKHAKG-L-—-—--—--— INAGVDVMNGKIADDMLALNVLEPVRVKAQVLKSAVE
INTLIKLKSEHE-KGK--—-—-—--- ISMGVDLDSNGAGD-MSKKGVIDPVRVKTHALESAVE
INTLIKLKAEHE-KGR-—-———-- ISVGVDLDNNGVGD-MKAKGVVDPLRVKTHALESAVE
INTLIKLKAEHE-KSN-—-—-—-—--- KNYGINLNENKIDD-MVKLGVEDTYRVKQHALESAVE
IDIILKLRAEHA-KGN-—-—-—-—-- KYAGVNVEFSGEIED-MVNNGVIEPIRVGKQAIESATE
IDVLVQLRAKHE-DGQ-—-—-—-—--- VTAGIDVYDGDVKD-MLEEGVVEPLRVKTQALASATE
IDVLVDLRAAHE-ES-—-—-———-- TYMGIDVEDGKIVD-MKEAGVIEPHRVKKQAIQSAAE
IDMLVKLRAAHEKEGG-—-———-— EVYGLDVFEGEVVD-MLEKGVVEPLKVKTQAIDSATE
IETLVKVIAAHK-EKG-—-—-——-- QTIGIDVYEGEPAD-MMERGVIEPVRVKKQAIKSASE
IETLVKVIAAHK-EKG-—-—-—-—-- PTIGIDVYEGEPAD-MMERGVIEPVRVKKQAIKSASE
IETLVKVIAAHK-EKG-—-—-——-- PTIGVDVYEGEPAD-MLERGVIEPLRVKKQAIKSASE
IETLVKVIAAHK-EKG-—-———-- PTIGVDVFEGEPAD-MLERGVIAPVRVPKQAIKSASE
VDVLVKVTAAHK-DKG-—-—-—-—--— ATIGVDVFAGEPAD-MLERGVIEPLRVKKQAIKSASE
VEMLVKVISEHK-NRG------- LGIGIDVFEGKPAD-MLEKGIIEPLRVKKQAIKSASE
IDVLVELKAAHE-KGQ-—-—-—-—-- KYAGVDVDTGKVVD-MKERGVFEPLRVKTQAIGSATE
IDILVELRKAHE-EGK--—-—-—--- TTYGVDVEFSGEVAC-MKERGVLEPLKVKTQAITSATE
IDMLMELRSQHEKGM—-—-————-— KTAGLDVYEGKVVD-MWNNEVVEPLRVKTQVINAATE
IDMLMELRSQHEKGM—-—-————-— KTAGLNVYEGKVVD-MWENFVVEPLRVKTQVINAATE
IDMLVEMRSQHEKGN-—-————-— KRAGLNVYTGKIED-MFENNVVEPLRIKTQAINAATE
IDSLVDLRSQHDGGD--————-— TEAGLDAYNGDVID-MESEGIVEPLRVKTQAIESATE
IDSLVDLRSRHDGGE---——--- FAAGLDAYTGEVID-MEEEGVVEPLRVKTQAIESATE
IDSLVDLRSKHDGGA-—-—————-— VTSGLDAYTGEVVD-MEEDGVVEPLRVKTQAVESATE
IDTLVDLRSAHENDDD-—-—-—-—--— EHIGLNVLSGDLED-TFEAGVVEPAHAKEQAVTSASE
IRLLTSLRAKHTQENC-—-———--- ETWGVNGETGTLVD-MKELGIWEPLAVKLOQTYKTAVE
IRLLTSLRAKHTQENC-—-——--— ETWGVNGETGTLVD-MKELGIWEPLAVKLOQTYKTAVE
IRLLTSLRAKHTQENC-—-——--— ETWGVNGETGTLVD-MKELGIWEPLAVKLQTYKTAVE
IRILTSLRAKHTQEGC-—-———-- QTWGVDGEAGVLAD-MKELGIWEPLAVKLQTYKTAVE
IRVLTSLRAKHTQEGN-—-—-——--— SSWGVNGETGTLAD-MEQLGIWEPLAVKAQTYKTAVE
IRTLTALRAKHATEG-—-—-———-- MTWGIDGETGQLVD-MKEHGIWEPLSVKLQTYKTAIE
ISTVTELRNRHAQGE-—-—-—-—-—--- KTTGINVRKGGISN-ILEEMVVQPLLVSVSALTLATE
SVVVERLKGEKV-=-=—=-===———-—— GVGFNAATGEWVN-MLESGIVDPAKVTRSALQNAAS
SVVVERLKGEKV-=-=-=-===————— GVGFNAATGEWVN-MLETGIVDPAKVTRSALQNAAS
SVIVERLKNEEI----=-—=—=———--— GVGFNAATGEWVN-MIEKGIVDPTKVTRSALQNAAS
SVIVDKLKNVDL-=-=-====—=—-=— GIGFNAANGEWVN-MVEAGIVDPTKVTRSALQNAAS
SIVIEKVKHSEA--—-=-—-==———--— GIGYDALNNEYVN-MIKAGIVDPTKVSRSALQNAAS
GVVAEKVRNLPA--—-—-—-—-—————— GHGLNASTNEYGD-LLEAGINDPVKVTRSALQNAAS
VKILSELKNEKT--=-=-===———--— GVGFDAETKKKVD-MIANGIIDPTKVTKTALEKAAS

* . . *
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Figure 3.130

[giEDR27199: source organism= Entamoeba dispar SAWT760, product= T-complex
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AASLIISIDETIKAPEHTQG-—————=———————————— - mmmm——mm—————— ——— ——— 527
AACMILSVDETIKSPKAGEPPMA--—-———————-—————— GGGMGMGRGMGRPM—-——---- 544
AAITILRIDDLIKLDKQEPLGGD---=-=-==—-=—-————-—— DCHA---=-==—=———————— 549
ASTLILRIDDLISAGKK--SEG-—-—-——=———=——————-—— KTGEKKESEKGKEED----- 553
AATLILRIDDLIAAGKK--SES-—-—-——=—————————-—— KGGESKSEEK-KEED----- 559
AVTLVLRIDDIVAAGKKGGSEP--—-===—-—=———-—————— GGKKEK--EEKSSED----- 552
AVTLVLRIDDIVAAGKKSGSEP----—=——=——=—-——-———— SGKKEKDKEEKSSED----- 557
VASLILRIDDVIAARKE-—-—-——-——————————————————— EEEKEEKRGGEEE----- 548
AASMILRIDEIIAASKLE--——-———-————————————-—— KEKEEKKEEKKEEFD----- 549
AATAILKIDDLIAAAPLKSGEK--—--=-=—-————-—————— KGEKKEGGEEEKSSTPSSLE 559
VATMILRIDDVIASKKSTPPSNQ--—-—-——-——-——-————-—— PGQG-AGAPGGGMPEY---- 549
VATMILRIDDVIASKKSTPPSGQ--—-—-——-—————————— GGQG-QGMPGGGMPEY---- 549
VASMILRIDDVIASKKSAPSNNQ--—-———————-————-—-— QPQGGMGGMGGGMPPY---- 546
AAIMILRIDDVIATKSSGSSSN-—-—-——=——————————-—— PPKSPSSESSSGED-—---- 544
AAEMILRIDDVIAARELSKEEE---—-—-——-——-——-—————— EEE-—---- EEGGSSEF---- 545
AAEMILRIDDVIAASSSGSSEE-—-—-————————————-—— GME----- EMGGMGGMPPM~- 538
ASVMLLRIDDVIAAEKVKGDEK----—-——-—=—-——-——-——-—— GGEGG---DMGG-DEF---- 542
AAIMILRIDDVIAASKLEKEKE--—-—-—-——-—=———————-— GEKGGG-SEEFSGSSDLD--- 549
AAIMILRIDDVIAAQKLEKEKE--—-——-——-=———-————-— GEKGGGGSEDFSSSSDLD--- 550
AAIMILRIDDVIAASKLEKEKEKE--—-—--—=—-——-————-— GEKGGG-SEDFS--SDLD--- 549
AAIMILRIDDVIAASKLEKDKE--—-=-—-—==—=——————-— GGKGGS--EDFG--SDLD--- 546
AAIMILRIDDVIAASKLEKEKE--—-——-——-=———————-— GGKGPG--EEET---EF---- 544
AAIMILRIDDVIAAKATK--PE--—-—-—-——-————————— GGQGGGMPGGMGG-MDMGM~-~- 548
VAVMILRIDDITIAAKGLEKEKG--—-=—-===———————— GGGEGG----MPEMPEF---- 545
VAIMILRIDDVIAAKGLEKEKG-—-—-——====——————— PEGESG----GEEDSEE---- 545
SAVMILRIDDIIASTRAA-PG-——-——————— PEEMGGMPPGMGGMPPGMGGMPPGMM-- 552
SAVMILRIDDIIASTRAAGPS-———-—-—-————- PEEMGGMP-GMGGMP-GMGGMPPGMM~-~- 551
AAIMVLRIDDVIAS----- SS—————————- PAKVG----GPGAIP---GGEMPEMM-- 543

AATMILRIDDVIAAGDLAGGQVGDDDGDDGPAGGPGGMGGGMGG-MGGMGG-MGGAM-- 562
AAVMILRIDDVIAAGDLSGGQTGSDD-DDG--GAPGGMGGGMGG-MGGMGG-MGGAM-~- 560
AAVMILRIDDVIAAGDLKGGQ-GDDDEDEGGPGGPGGAPGGMGGGMGGMGGGMGGMM~-~- 590

AANLVLKIDDIISAGDLSTDK-GDDD-—-—-—--- GGAGGMGGGMGG---GMGG----MM-- 556
TAVLLLRIDDIVSG-HKKKGDD-—-=-======—=———— QOSRQ-GGAPDAGQE-—-——-— 545
TAVLLLRIDDIVSG-HKKKGDD-—-=-========———— QOSRQ-GGAPDAGQE-—-——-— 545
TAVLLLRIDDIVSG-HKKKGDD-—-=-======——=———— QOSRQ-GGAPDAGQE-—-——-— 545
TAILLLRIDDIVSG-HKKKGED-----——---—-—-———-—-— HGRQPAAAPEAPQQAE---- 547
TAILLLRIDDIVSG-HKKKGD---=========——————— GEQTGGAPMEDRE-——-——~— 543
TAILLLRIDDIVSGSKKKKADN-=——==—===—————————— EPTPPAQVSEESMKD-—---— 550
TVRS ILKIDDVVNTR == == == === = === = — mm —— mm o mmmmmmmmmmmmmmmm 539
VAAMFLTTEAVVADKPEPN--APAMP---—————————— DMGGMGMGGMGGMM - ————— 544
VAAMFLTTEAVVADKPEPN--APAMP---—————————— DMGGMGMGGMGGMM - ————— 544
VAAMFLTTEAVVADKPEENGGGAGMP--—=—-=-—-—=—-—~- DMG--GMGGMGGMM—————~— 544
VSALLLTTEAVVADKPEPAAPAPMMDP-=-=====—==—=— SMG=-————~— MGGMM—————— 541
VASTFLTTEAAIADIPEKN--DTPMPG------=———-~ APG--—-— MMDGMY —————— 543
IAALFLTTEAVVADKPEKAG-APVGDP-=-======———— TGG-————— MGGMDF-———-— 541

VASSLITTNVAVYDVKERKDNSE SE—==——==—==— == — oo mm oo 543

protein 1 subunit eta, putative, length= 527 aa;

giAAF54292:

source organism= Drosophila melanogaster, product= CG8351-PA

(GO_component: chaperonin-containing T-complex), length= 544 aa;

giNP_495722: source organism= Caenorhabditis elegans, product= chaperonin containing

TCP-1 family member (cct-1), lenght= 549 aa;

giAAYS80050:

source organism= Sulfolobus acidocaldarius DSM 639, product=

thermosome beta subunit, length= 553 aa;

giNP_376188: source organism= Sulfolobus tokodaii str. 7, product= thermosome, beta

subunit, lenght= 559 aa;
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giCAA45326: source organism= Sulfolobus shibatae, product= thermophilic factor 55,
length= 552 aa;

giNP_341830: source organism= Sulfolobus solfataricus P2, product= thermosome
subunit beta, length= 557 aa;

giNP_148364: source organism= Aeropyrum pernix K1, product= thermosome beta
subunit, length= 548 aa;

giAAL63957: source organism= Pyrobaculum aerophilum str. IM2, product= thermosome
(chaperonin) alpha subunit, length= 549 aa;

gi024734: source organism= Sulfolobus tokodaii, product= thermosome subunit alpha,
length= 559 aa;

giBAB60294: source organism= Thermoplasma volcanium GSS1, product= archaeal
chaperonin [group II], length= 549 aa;

giCAC12109: source organism= Thermoplasma acidophilum, product= thermosome,
alpha chain, length= 549 aa;

giAAT43320: source organism= Picrophilus torridus DSM 9790, product= thermosome
subunit, length= 546 aa;

giBAB59649: source organism= Thermoplasma volcanium GSS1, product= archaeal
chaperonin [group II], length= 544 aa;

giP50016: source organism= Methanopyrus kandleri, product= thermosome subunit,
length= 545 aa;

giNP_275933: source organism= Methanothermobacter thermautotrophicus str. Delta H,
product= chaperonin, length= 538 aa;

giAAB99002: source organism= Methanocaldococcus jannaschii DSM 2661, product=
thermosome (ths), lenght= 542 aa;

giBAA29085: source organism= Pyrococcus horikoshii OT3, product= hypothetical
thermophilic factor, length= 549 aa;

giNP_125709: source organism= Pyrococcus abyssi GES5, product= thermosome, subunit
alpha, length= 550 aa;

giAAL82098: source organism= Pyrococcus furiosus DSM 3638, product= thermosome,
single subunit, length= 549 aa;

g1024730: source organism= Thermococcus sp. KS-1, product= thermosome subunit beta,
lengh= 546 aa;

giAAP37564: source organism= Thermococcus litoralis, product= thermosome alpha
subunit, length= 544 aa;

giP61111: source organism= Thermococcus kodakarensis KODI1, product= thermosome
subunit alpha, length= 548 aa;

giNP_070280: source organism= Archaeoglobus fulgidus DSM 4304, product=
thermosome, subunit beta (thsB), length= 545 aa;

gi028045: source organism= Archaeoglobus fulgidus, product= thermosome subunit
alpha, length= 545 aa;

giNP_615060: source organism= Methanosarcina acetivorans C2A, product= Hsp60,
length= 552 aa;

giNP_633403: source organism= Methanosarcina mazei Gol, product= thermosome,
alpha subunit, length= 551 aa;

giAAZ70052: source organism= Methanosarcina barkeri str. Fusaro product= Hsp60,
length= 543 aa;

giQIHN70: source organism= Halobacterium salinarum, product= thermosome subunit
alpha, length= 562 aa;
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gi030561: source organism= Haloferax volcanii, product= thermosome subunit 1, length=
560 aa;

giYP 137342: source organism= Haloarcula marismortui ATCC 43049, product=
thermosome alpha subunit, length= 590 aa;

giYP_001689883: source organism= Halobacterium salinarum R1, product= thermosome
subunit 2, length= 556 aa;

giQ3TOK?2: source organism= Bos taurus, product= T-complex protein 1 subunit gamma,
length= 545 aa;

giXP_001116562: source organism= Macaca mulatta, product= similar to chaperonin
containing TCP1, subunit 3 isoform a isoform 4, length= 545 aa;

giCAI46192: source organism= Homo sapiens, product= hypothetical protein; T-complex
protein 1, gamma subunit= 545 aa;

giP50143: source organism= Xenopus laevis, product= T-complex protein 1 subunit
gamma, length= 547 aa;

giAAHS53271: source organism= Danio rerio, product= chaperonin containing TCP1,
subunit 3 (gamma), length= 543 aa;

giXP_392814: source organism= Apis mellifera, product= similar to T-complex protein 1
subunit gamma(TCP-1-gamma) (CCT-gamma), length= 550 aa; giNP 877966: source
organism= Rattus norvegicus, product= chaperonin subunit 4 (delta), length= 539 aa;
giNP_830146: source organism= Bacillus cereus ATCC 14579, product= chaperonin
GroEL, length= 544 aa;

giYP 893164: source organism= Bacillus thuringiensis str. Al Hakam, product=
chaperonin GroEL, length= 544 aa;

giNP_388484: source organism= Bacillus subtilis subsp. subtilis str. 168, product=
chaperonin GroEL, length= 544 aa;

giNP_816272: source organism= Enterococcus faecalis V583, product= chaperonin, 60
kDa, length= 541 aa;

giAAO36881: source organism= Clostridium tetani E88, product= 60 kDa chaperonin
groEL, length= 543 aa;

giYP_702111: source organism= Rhodococcus sp. RHAI1, product=chaperonin GroEL,
length= 541 aa;

giNP_073065: source organism= Mycoplasma genitalium G37, product= chaperonin
GroEL, length= 543 aa]

Phylogenetic tree constructed by this alignment shows that bacterial and
eukaryotic Hsp60 o or GroEL proteins are more closely related to one another
than they are to archaeal proteins (Figure 3.131). Hsp60 subunit proteins used in
multiple sequence alignment are abbreviated in phylogenetic tree in order to make
evaluation easier (Figure 3.131). The classification scheme in this tree, almost

follow the systematic hierarchy among the organisms.
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Thermosome proteins of methanogenic species are clustered as two different
groups. Methanosarcina acetivorans Hsp60 protein, Methanosarcina mazei
thermosome alpha subunit and Methanosarcina barkeri Hsp60 protein are
clustered as a sub-branch. These organisms belong to the class Methanomicrobia
and genus Methanosarcina. They are mesophilic methanogens with optimal growth
temperatures of 37°C. M. kandleri thermosome subunit, M. thermautotrophicus
chaperonin protein and M. jannaschii thermosome form a distinct branch. M.
kandleri and M. thermautotrophicus belong to the class Methanopyri. M.
Jjannaschii belongs to the class Methanococci. These methanogens are either
thermophilic or hyperthermophilic. Optimum growh temperature of the organisms
in this distinct branch is higher than that of methanogens which belong to the class

Methanomicrobia (Figure 3.131).

In Euryarchaeota, Hsp60 o proteins of mesophilic methanogens (Methanosarcina,
optimum growth temperature 37°C) appeared to be more close to Halobacteria
(optimum growth temperature 37-45°C) then thermophilic methanogens, and
clustered together. Hsp60 o subunits of hyperthermophilic members of
Euryarchaeota, other than hyperthermophilic methanogens (i.e. Archaeoglobus,
Pyrococcus, Thermococcus) are classified in the same group. These proteins seem
to be more close to eukaryotic and bacterial orthologs and share the most recent
ancestor. Hsp60 o proteins of hyperthermophilic archaea in Crenarchaeota (i.e.
Sulfolobus, Aeropyrum and Pyrobaculum sp.) are clustered together. Eukaryotic
and bacterial Hsp60 proteins form a sub-branch. GroEL proteins are clustered
together. All eukaryotic Hsp60 proteins are not clustered together, TCP-1 subunits
of E. dispar, D. melanogaster and C. elegans seem to be more close to bacterial
proteins. Hsp60 o proteins of the archaeca in phylum Euryarchaeota (i.e.
Thermoplasma and  Picrophilus) fall into same cluster. Proteins of
hyperthermophilic members of the Crenarchaeota phylum, formed a distinct

branch being more related to the eucarya/bacteria group than other archaea.
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giTvolcaniumAlpha: 0.02601
giTacidophilumAlpha: 0.02681
giPtorridus ThsSubunit: 0.10341
giTvolcaniumBeta: 0.20995

giSacidocaldariusBeta: 0.05110
giStokodaiiBeta: 0.04474
giSshibataeTF55: 0.01209
giSsolfataricusBeta: 0.01327
L gif\pernixBeta; 0.17202
giPaerophilumAlpha; 019367
giStokodaiiflpha: 0.25027
giEdisparTCP1eta: 0.19071
giDmelanogasterCCT: 0.20967
giCelegansCCT1: 0.32498
giCtetaniGoEL: 0.15874
giBsubtilisGroEL: 0.05859
giBcereusGroEL: 0.00401
— giBthuringiensisGroEL: 0.00334
. giEfaecalisG0kdChaperonin; 0.11586
giRspRHA1GroEL: 0.18624
giMgenitalumGroEL: 0.28369

— giRnorvegicusDelta: 0.33401
giDrerioTCP1gamma: 0.07563
———diXlaewisTCP1gamma: 0.06495

giBtaurusTCP 1gamma: 0.00776
4|£ giMmulattaSimilartoTCP 1gamma: 0.00610
giHsapiensTCP1gamma; 0.00491

L—————giAmelliferaTCP1gamma: 0.14611
giMacetivoransHsp60: 0.03344
giMmagzeialpha: 0.03008
giMbarkeriHsp60: 0.15703
F’i giHsalinarumAlpha: 0.10471
giHvolcaniiThsSubunit1; 0.09708
l— giHmarismortuilpha: 0.10156
giHsalinarumThsSubunit2: 0.25261
giffulgidusBeta: 0.11914

—L_ gibfulgidusalpha: 0.12306

giPhorikoshiiTF: 0.01372

giPabyssiAlpha: 0.01543

giPfuriosusThsSSubunit: 0.03398

giTspKS-1Beta: 0.05205
giTlitoralisalpha; 0.05473

giTkodakarensisflpha: 0.11086
giMkandleriThsSubunit: 0.13522

: giMthermauwtotrophicusChp: 0.14916
giMjannaschiiThs: 0.14874

Figure 3.131: Phylogenetic tree constructed by clustal type multiple sequence
alignments of amino acid sequence of 7. volcanium Hsp60 o subunit protein with
several eukaryal, archaeal and bacterial Hsp60 proteins (Clustal W -1.83). The
numbers indicate the calculated distances of organisms to the closest branching

point.
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3.4.2 Sequence Alignments of 7. volcanium Hsp60 a Subunit With Several
Archaeal Hsp60 Proteins

Multiple sequence alignments of amino acid sequence of 7. volcanium Hsp60o
subunit protein with several archaeal Hsp60 proteins were performed by using
Clustal W 1.83 as described in 2.6 Section. Protein sequences of Hsp60 subunits of
organisms were derived from the online-database of NCBI (Figure 3.132). The
archaeal Hsp60 subunit proteins are the same proteins used in Section 3.4.1.
Scores of this alignment is given in Table 3.8. Hsp60 subunit proteins used in

multiple sequence alignment are abbreviated in score table and phylogenetic tree

(Table 3.8 and Figure 3.133).

giBAB60294  -—---—---m-m—mmmmm—m MIRNMMTGQVPILVLKEGTQREQGKNAQRNNIEAAK 36
giCAC12109 W —=—==——--———————————————— MISNMMTGQVPILVLKEGTQREQGKNAQRNNIEAAK 36
giAAT43320 W ——=———--——m—mmmmm— e m MITGQTPILILKEGTERQQGKNAQKNNIEAAK 32
giBAB59649 @ —---—---mmmmmm MIAGQ-PIFILKEGTKRESGKDAMKENIEAAI 31
giAAY80050  —=—=-—---—m——m——m MSATATVATTPEGIPVIILKEGSSRTYGKEALRINIAAVK 40
giNP 376188  ------------- MLSAVEKMSTTATVATTPEGIPVIILKEGSSRTYGKEALRINIAAVK 47
giCAR45326  —=———————————————————— MATATVATTPEGIPVIILKEGSSRTYGKEALRANIAAVK 39
giNP 341830  —------—----——--—-- MRKMATATVATTPEGIPVIILKEGSSRTYGKEALRANIAAVK 42
giNP 148364  —-——-———————————————-— MAIQQQPMTEPVGIPVIILKEGTQRSYGREALRANIMAVR 40
giAAi63957 —————————————————————— MSQAVLTQIGGVPVLVLKEGTQRAFGKEALRLNIMIAR 38
gi024734 - mmmmmmmm e — e —— MANAPVLLLKEGTQRSSGRDALKNNILAAV 30
giP50016 W —--mmmmmmmmm e MAMLAGDGRQVLILPEGYQRFVGRDAQRMNIMAAR 35
giNP 275933 —————---mmmmmm MAQGQQPILVLPEGTSRYLGRDAQRMNILAGK 32
giAA§99002 ———————————————————————————— MAMAGAPIVVLPONVKRYVGRDAQRMNILAGR 32
giBAA29085 W —---—mmmmmmmm— - MAQLAGQPILILPEGTQRYVGRDAQRMNILAAR 33
giNP 125709  —------—-----—mmmmmm e — - MAQLAGQPILILPEGTQRYVGRDAQRMNILAAR 33
giAALB82098 W ——--—mmmmmm e mmm - MAQLAGQPILILPEGTQRYVGRDAQRMNILAAR 33
gi024730 @ —mmmmmmmmmm e mm—————— - MAQLAGQPVVILPEGTQRYVGRDAQRLNILAAR 33
giAAP37564  —---——mmmmmmmm—mmm e m - MAQLAGQPILILPEGTQRYVGKDAQRLNILAAR 33
giP61111 —=—-mmmmmmm e m MAQLSGQPVVILPEGTQRYVGRDAQRLNILAAR 33
giNP 070280  —-=—=--——---——mmmmmm——— MATLQGQPVLILREGTQRTVGRDAQRMNIMAAR 33
gi028045 - mmmmmmmmmm— MATLQGTPVLILKEGTQRTVGRDAQRMNIMAAR 33
giNP 615060  —-=—==-—-----—-mmmmmm MAGQPIFILKEGSKRTRGRDAQSNNIMAAK 30
giNP 633403  —-----—-------mmmmm—m o MAGQPIFILKEGSKRTRGRDAQSNNIMAAK 30
giAAZ70052  —--mmmmmmmmm e MAAQPIFILREGSKRTHGSDAQHNNIMAAK 30
giQ9HN70 ——mmmmmmmmm MAQOMGN-QPLIVLSEDSQRTSGEDAQSMNITAGK 34
gio30561 mmmmmmmmmmmmmm o MSQRMQQGQPMIILGEDSQRTSGQDAQSMNITAGK 35
giYP 137342 MACNRAIHRRSPWLLYRSTEFNHRLTMAQQOMGNQPMIVLSEESQRTSGKDAQSMNITAGT 60
giyp 001689883 36

———————————————————————— MAQQORMQGQPMI IMGDDAQRVKDRDAQEHNISAAR

* .k *

Figure 3.132: Clustal type multiple sequence alignments of amino acid sequence

of T. volcanium Hsp60a subunit protein with several archaeal Hsp60 proteins.
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Conserved sequences related to feature 1, feature 2 and feature 3 were indicated by

#, #, and # symbols on the multiple sequence alignments, respectively.

giBAB60294
giCAC12109
giAAT43320
giBAB59649
giAAY80050
giNP_ 376188
giCAR45326
giNP_ 341830
giNP_148364
giAAL63957
gi024734
giP50016
giNP_ 275933
giAAB99002
giBAA29085
giNP_125709
giAAL82098
91024730
giAAP37564
giP61111
giNP_070280
91028045
giNP_615060
giNP_633403
giAAZ70052
g1iQ9HN70
91030561
giYP 137342

ATADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHPTAKMIVEVSKAQDTAV
ATADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHPTAKMIVEVSKAQDTAV
ATADAVRTTLGPKGMDKMLVDSIGDIVITNDGATILKEMDIDHPTAKMLVEASKSQDTAV
AISNSVRSSLGPRGMDKMLVDSLGDIVITNDGVTILKEMDVEHPAAKMMVEVSKTQDSEV
AVEEALKTTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOQHPAAKLLVQIAKGQDEET
AVEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOQHPAAKLLVQIAKGQDEET
AIEEALKSTYGPRGMDKMFVDSLGDITITNDGATILDKMDLOQHPTGKLLVQIAKGQDEET
AIEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOQHPTGKLLVQIAKGQDEET
ATAQILKTTYGPKGMDKMLVDSLGDITITNNGATILDKMDVAHPAAKMLVQISKGQEDEA
ATAEVMRTTLGPKGMDKMLIDSLGDITITNDGATILDEMDVQHPIAKLLVEISKSQEEEA
TLAEMLKSSLGPRGLDKMLIDSFGDVTITNDGATIVKEMEIQHPAAKLLVEAAKAQDAEV
VVAETVRTTLGPMGMDKMLVDEMGDVVVTNDGVTILEEMDIEHPAAKMVVEVAKTQEDEV
ILAETVRTTLGPKGMDKMLVDSLGDIVVTNDGVTILKEMDIEHPAAKMLVEVAKTQEDEV
ITAETVRTTLGPKGMDKMLVDELGDIVVTNDGVTILKEMSVEHPAAKMLIEVAKTQEKEV
ITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKEA
ITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKEA
IVAETIRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKEA
ITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKEA
IVAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKEA
ITAETVRTTLGPKGMDKMLVDSLGDIVVTNDGATILDKIDLQHPAAKMMVEVAKTQDKEA
VIAEAVRSTLGPKGMDKMLVDSLGDVVITNDGVTILKEIDVEHPAAKMIIEVAKTQDNEV
VIAEAVKSTLGPKGMDKMLVDSLGDVVITNDGVTILKEMDVEHPAAKMITIEVAKTQDNEV
AVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPAAKMVVEVSKTQDEQV
AVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPAAKMVVEVSKTQDDEV
AVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPGAKMIVEVAKTQDAEV
AVAESVRTTLGPKGMDKMLVDSSGEVVVTNDGVTILKEMDIEHPAANMIVEVAETQETEV
AVAEAVRTTLGPKGMDKMLVDSGGQVVVTNDGVTILKEMDIDHPAANMIVEVSETQEDEV
AVAEAVRTTLGPKGMDKMLVDNSGSVVVTNDGVTILDEMDIEHPAANMIVEVAQTQEDEV

giYP 001689883AVADAVRSTLGPKGMDKMLVSSMGDVTVTNDGVTILQEMDIDNPTAEMIVEVAETQEDEA
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Hif
AVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKIIDEISVKS—--TDD-~
GDGTTTAVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKIIDEIAEKS--TDD--
GDGTTTVVVLAGELLKQAESLLEQGVHSTVIASGYHLAVTEAKKQLDSLAIKA--DDE--
GDGTTTAVIIAGGLLQQAEALINQNVHPTVISEGYRMASEEAKRIIDEISTKIGKDEK--
ADGTKTAVIFSGELVKKAEELLYKEIHPTIIVSGYKKAEEMAIKTIEEISTKVSVNDT -~
ADGTKTAVILAGELVKKAEELLYKEIHPTIIVSGFKKAEEQALKTIEE IAQKVSVNDM-—
ADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQDIAQPVSINDT -~
ADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQEIAQPVTINDT -~
GDGTKTTVIFAGELLKEAEKLLDINIHPTIIVEGYKEALRKASEVIESIAEPVSYDDV--
GDGTTTAVVLAGALLEEAEKLLEKNIHPTVIVSGFKKALDVAAEHLRKVAIPVNRTDV--
GDGTTSAVVLAGLLLDKADDLLDQNIHPTIIIEGYKKALNKSLEIIDQLATKIDVSNLNS
GDGTTTAVVLAGELLHKAEDLLQQDIHPTVIARGYRMAVEKAEEILEEIAEE IDPDDE--
GDGTTTAVIIAGELLKKAENLLEMEIHPTIIAMGYRQAAEKAQEILDDIA--IDASDR--
GDGTTTAVVIAGELLRKAEELLDQNIHPSVIINGYEMARNKAVEELKS IAKEVKPEDT -~
GDGTTTAVVIAGELLKKAEELLDQNIHPSIIIKGYTLASQKAQEILDSIAKEVKPDDE--
GDGTTTAVVIAGELLKKAEELLDQNIHPSIVIKGYMLAAEKAQEILDS IAKEVKPDDE--
GDGTTTAVVIAGELLRKAEELLDQNIHPSIIIKGYTLAAQKAQEILENIAKEVKPDDE-~
GDGTTTAVVIAGELLRKAEELLDQNIHPSIIIKGYALAAEKAQEILDEIAKDVDVEDR--
GDGTTTAVVIAGELLRKAEELLNQNIHPTIIVKGYTLAAEKAQEILESIAKDVSPMDE--
GDGTTTAVVIAGELLRKAEELLDQNIHPSIIIKGYALAAEKAQEILDEIAIRVDPDDE--
GDGTTTAVVLAGELLKRAEELLDQEIHPAIIANGYRYAAEKALEILNEIAIPISKDDD--
GDGTTTAVVLAGELLKKAEELLDQDIHPTVIARGYRMAANKAVEILESIAMDIDVEDE -~
GDGTTSAAVVAGELLKKAEDLIEQEIHPTIIASGYRLAAEKAVEVLNSLAMNVEMSNR--
GDGTTSAAVVAGELLNKAEDLIEQEIHPTIIASGYRLAAEKAIEVLNSLAMSVDMGNR--
GDGTTTAAVLAGEFLTKAEDLLESGVHPTVIASGYRLAADQATKTIDTITISASPEDT -~
GDGTTTSVVVSGELLSEAETLLEQDIHATTLAQGYRQAAEKAKELLDDAAIDVSADDT -~
GDGTTTAVINAGELLDQAEDLLDSDVHATTIAQGYRQAAEKAKEVLEDNAIEVTEDDR--
GDGTTTAVVMAGELLSKAEELLDQDIHASILAQGYRQAAEKAKE ILEDNAIDVDADDT -~

giYP 001689883GDGTTTAVAIAGELLKNAEDLLERDIHPTAI IKGYNLAAEQAREEVDNVAVDVDPDDK-~
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—-—-—-ETLRKIALTALSGKNTGLSN--TFLADLVVKAVNAVAE-ERDGKIIVDTANIKVDK
—-—-—--ATLRKIALTALSGKNTGLSN--DFLADLVVKAVNAVAE-VRDGKTIVDTANIKVDK
—-—-—-ETLKRIAITALSGKNTSVAP--EFLADLVIKAVNAVAE-ERDGKVIVDTANIKVDK
-—-—-ELLIKLAQTSLNSKSASVAK--DKLAEISYEAVKSVAE-LRDGKYYVDEFDNIQVVK
—-—-—--EILRKVALTSLSSKAVAGAR--EHLADIVVKAITQVAE-LRGDKWYVDLDNVQIVK
—-——--DILKKVAMTSLNSKAVAGAR--EYLADIVAKAVTQVAE-LRGDRWYVDLDNIQIVK
———-DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDLDNVQIVK
———-DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDLDNVQIVK
—-—-—-EKLKLIAKTSLNSKAVAEAR--DYFAELAVEAVRTVAE-RRGDRWYVDLNNIQIVK
—-——--DTLRKIAMTSMGGKISETVK--EYFADLAVKAVLQVAE-ERNGKWYVDLDNIQIVK
LATRDQLKKIVYTTMSSKEFIAGGEEMDKIMNMVIDAVSIVAEPLPEGGYNVPLDLIKIDK
—-—-—-ETLKKIAKTAMTGKGVEKAR--DYLAELVVKAVKQVAE-EEDGEIVIDTDHIKLEK
—-—-—--DTLMKVAMTAMTGKGTEKAR--EPLAELIVDAVKQVE---EDGE--VEKDHIKIEK
—-—-—-EMLKKIAMTSITGKGAEKAR--EQLAEIVVEAVRAVVD-EETGK--VDKDLIKVEK
—-—-—--EVLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAE-EKDGKLKVDIDNIKLEK
—-—---EVLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAE-EKDGKFKVDIDNIKFEK
-—-—--EILLKAAMTSITGKAAEEER--EYLAKLAVEAVKLVAE-KEDGKYKVDIDNIKLEK
—-—-—--EILKKAAVTSITGKAAEEER--EYLAEIAVEAVKQVAE-KVGETYKVDLDNIKFEK
-—-—--EILMKAATTAITGKAAEEER--EYLAKLAVDAVKLVAE-EVDGKYIVDIDNIKLEK
-—-—-ETLLKIAATSITGKNAESHK--ELLAKLAVEAVKQVAE-KKDGKYVVDLDNIKFEK
—-—-—-EILKKIATTAMTGKGAEVAI--DKLAEIAVNAVKMIAE-ESNGQVEVNTDYIKIEK
-—-—--ETLKKIAATAITGKHSEYAL--DHLSSLVVEAVKRVAE-KVDDRYKVDEDNIKLEK
—-—-—--ELLVSIAETAMTGKGAEASK--KLLSGIAVDAVTSVVDTN--GKKTIDKDNISVVK
—-—-—--DLLLSTIAETAMTGKGAESSK--KLLAEIAVDAVTSVVDTN--GKMSVDKENISVVK

giAAZ70052 -—-—--ETLEKIAATAITGKGAEAQK--EHLSRLAVKAVKSVAEISEDGKITVDIEDIKVEK
giQ9HN70 —-—-—--ETLEKIAATAMTGKGAENAK--GVLSDLVVRAVQSVADDND-—---— VDTDNVKVEK
gi030561 -—-—--ETLTKIAATAMTGKGAESAK--DLLSELVVDAVLAVKDDDG----— IDTNNVSIEK
giYP 137342 —--—--ETLEKVAATAMTGKGAESSK--DVLAELVVRAAQSVVDDDGS----VDTDNIQIET
giYP 001689883----DLIRSVAETSMTGKGAELDK--ELLSSIIYDAVNQVAVETNDGGIVVDAANINIET
. K. . * . . * . . .
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KSGGSINDTQFISGIVVDKEKVHSKMPDVVKDAKIALIDSALHIKKTEIEAKVQISDPSK

[265

KNGGSVNDTQFISGIVIDKEKVHSKMPDVVKNAKIALIDSALEIKKTEIEAKVQISDPSK
KNGGSATDTQFISGLIIDKEKVHSKMPSVVKNAKIALINSALEIKKTEIEAKVQINDPSK
KQOGGAIDDTALINGIIVDKEKVHPGMPDVVKNAKIALLDAPLEIKKPEFDTNLRIEDPSM
KHGGSINDTQIVYGIIVDKEVVHPGMPKRVENAKIALLDASLEVEKPELDAEIRINDPTQ
KHGGSINDTQITYGIVVDKEVVHPGMPKRVENAKIALLDASLEVEKPELDAEIRINDPTQ
KHGGSINDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELDAEIRINDPTQ
KHGGSVNDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELDAEIRINDPTQ
KHGGSLRDTRLVRGIVLDKEVVHPDMPRRVENARIALLDTPLEIEKPEIDLEISITSPEQ
KHGGSLLDTQLVYGIVVDKEVVHAAMPKRVVNAKIALLDAPLEVEKPEIDAEIRINDPTQ
KKGGSIEDSMLVHGLVLDKEVVHPGMPRRVEKAKIAVLDAALEVEKPEISAKISITSPEQ
KEGGGLEDTELVKGMVIDKERVHPGMPRRVENAKIALLNCPIEVKETETDAEIRITDPEQ
KEGAAVDDSTLVQGVIIDKERVHPGMPKKVENAKIALLNCPIEVKETEVDAEIRITDPSQ
KEGAPIEETKLIRGVVIDKERVNPOMPKKVENAKIALLNCPIEVKETETDAEIRITDPAK
KEGGAVRDTRLIRGVVIDKEVVHPGMPKRIENAKIALINDALEVKETETDAEIRITSPEQ
KEGGAVSDTKLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETDAEIRITSPEQ
KEGGSVRDTQLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETDAEIRITSPEQ
KEGGSVKDTQLIKGVVIDKEVVHPGMPKRVEGAKIALINEALEVKETETDAEIRITSPEQ
KEGGSVRDTQLIKGVVIDKERVHPGMPKKVENAKIALINEALEVKETETDAEIRITSPEQ
KAGEGVEESELVRGVVIDKEVVHPRMPKRVENAKIALINEALEVKKTETDAKINITSPDQ
ROGGSIEETELVDGIVLDKEVVHPGMPKRVENAKILLLDSALEVKETEIDAKIRITDPEK
RQOGGSVADTKLVNGIVIDKEVVHPGMPKRVKNAKIAVLKAALEVKETETDAEIRITDPDQ
KVGGRIEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNSAIELKDTEVDAEISITSPDQ
KVGGKTEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNTAIELKDTEVDAEISITSPDQ
RPGGSIKDSEIVDGVIVDKERVHPAMPEVVENAKILLLSVPIELKKTETKAEIKITNPDQ
VTGGAIENSELIEGVIVDKERVSENMPYAVEDANIALVDDGLEVQETEIDTEVNVTDPDQ
VVGGTIDNSELVEGVIVDKERVDENMPYAVEDANIAILDDALEVRETEIDAEVNVTDPDQ
VVGGATDESELVEGVIVDKERVHDNMPFAVEDADVALLDTAIEVPETELDTEVNVTDPDQ

giYP 001689883QTGHGVNESQLLRGAAISKDPVHDOMPAAVEDADVLLLNEATIEVEEAEADTSVNIESPDQ
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Figure 3.132: continued
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[LODFLNQETSTFKEMVEK IKKSGANVVLCQKGIDDVAQHY LAKEGI YAVRRVKKSDMEKL
IQDFLNQETNTFKQMVEKIKKSGANVVLCQKGIDDVAQHYLAKEGI YAVRRVKKSDMEKL
IQEFLDQETDTFKEMVEKVKKSGANVLLCQKGIDDTAQYYLAKEGI YAVRRVKQSDMEKL
IQKFLAQEENMLREMVEKIKSVGANVVITQKGIDDMAQHYLSKEGI YAVRRVKKSDMDKL
MKKFLDEEENILKEKVDKIAQTGANVVICQKGIDEVAQHYLAKKGI LAVRRAKKSDLEKL
MKKFLEEEENLLKEKVDKIAATGANVVICQKGIDEVAQHYLAKKGI LAVRRAKKSDLEKL
MHKFLEEEENILKEKVDKIAATGANVVICQKGIDEVAQHYLAKKGI LAVRRAKKSDLEKL
MHKFLEEEENILKEKVDKIAATGANVVICQKGIDEVAQHYLAKKGI LAVRRAKKSDLEKL
IKALYEKQERILQEKIEKIAATGANVVITQKGIDDVAQHFLAKKGILAVRRVKRSDIEKI
MRAFLEEEERILRGYVDKLKSLGVTVLFTTKGIDDIAQYYLAKAGI LAVRRVKRSDIEKL
IKAFLDEEAKYLKDMVDKLASIGANVVICQKGIDDVAQHFLAKKGI LAVRRVKRSDIEKL
LQAFIEEEERMLSEMVDKIAETGANVVFCQKGIDDLAQHYLAKKGILAVRRVKK SDMOKL
MQAFIEQEEQMIRDMVNS IVDTGANVLFCQKGIDDLAQHYLAKAGVLAVRRVKKSDMEKL
LMEFIEQEEKMIKDMVEKIAATGANVVFCQKGIDDLAQHYLAKKGILAVRRVKK SDMEKL
LOAFLEQEEKMLKEMVDKIKEVGANVVFVQKGIDDLAQHYLAKYGILAVRRVKK SDMEKL
LOAFLEQEEKMLKEMVDKIKEVGANVVFVQKGIDDLAQHYLAKYGILAVRRVKK SDMEKL
LOAFLEQEERMLREMVEKIKEVGANVVFVQKGIDDLAQHYLAKYGIMAVRRVKK SDMEKL
LOAFLEQEEKMLREMVDKIKEVGANVVFVQKGIDDLAQHYLAKYGIMAVRRVKK SDMEKL
LOAFLEQEEKMIKEMVDKIVATGANVVFCQKGIDDLAQHYLAKAGILAVRRVKK SDMEKL
LMSFLEQEEKMLKDMVDHIAQTGANVVFVQKGIDDLAQHYLAKYGIMAVRRVKK SDMEKL
LOKFIEQEEAMLKEMVDKIVNAGANVVFCQKGIDDLAQY YLAKAGVLAVRRVKK SDMEKL
LMKFIEQEEKMLKEMVDRLAEAGANVVFCQKGIDDLAQY YLAKAGILAVRRVKQSDIEKT
LOSFLDQEEAMLKKIVQKVISSGANVVFCQKGVEDLAQHYLAKAGIFATRRVKK SDMEKL
LQSFLDQEEQMLKKIVQKVINSGANVVFCQKGVEDLAQHYLAKAGI FAVRRVKK SDMEKL
MQLFLDQEEAMLKE IVDKVIKTGANVVFCQKGIDDLAQY YMTKAGI FGMRRVKK SDMDKL
LONFLDQEEEQLKEMVDALKDAGANVVFADSGIDDMAQHYLAKEGILAVRRAKSDDFTRL
LOQFLDQEEKQLKEMVDQLVEVGADAVFVGDGIDDMAQHYLAKEGI LAVRRAKS SDLKRL
LOQFLDQEEEQLKEMVDQLAEAGADVVFCQKGIDDMAQHYLAQEGILAVRRAKKSDIEAL

giYP 001689883LOSFLDQEEKQLKEKVQQIADTGANVVFCQKGIDDMAQHYLAKEGILAVRRTKKSDIEFL
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AKATGAKIVTDLDDLTPSVLGEAEKVEERKIGDDRMTFVTG-CKNPKAVSILIRGGTEHV
AKATGAKIVTDLDDLTPSVLGEAETVEERKIGDDRMTFVMG-CKNPKAVSILIRGGTDHV
AKATGAKIVTDLDDLTPDSLGTAEKVEERKIGDDRMTFITG-AKNPKAVSILIRGGTEHV
AKATGATVVSTIDEISASDLGSADRVEQVKVGDDYMTEFVTG-CKNPKAVSVLVRGETEHV
ARATGGRVVSNIDELTSQODLGYATLVEERKIGEDKMVFIEG-AKNPKAVSILIRGGLERV
ARATGGRVVSNIDELTPODLGYAALVEERKVGEDKMVFVEG-AKNPKAVSILIRGGLERV
ARATGGRVISNIDELTSQDLGYAALVEERKVGEDKMVEFVEG-AKNPKSVSILIRGGLERV
ARATGGRVISNIDELTSQDLGYAALVEERKVGEDKMVEFVEG-AKNPKSVSILIRGGLERV
ARATGARIVTDIEDLRPEDLGYAELVEERKVGEDKMVFIEG-AKNPKSVTILLRGGFERL
VRATGARLVTSIEDLTEADLGFAGLVEERRVGDEKMVEVEQ-CKNPKAVSILVRGGFERL
EKALGARIISSIKDATPEDLGYAELVEERRVGNDKMVEFIEG-AKNPKAVNILLRGSNDMA
ARATGARIVTNIDDLSEEDLGEAEVVEEKKVAGDKMIFVEG-CKDPKAVTILIRGGTEHV
SKATGANIVTINIEDLSPEDLGEAGVVSEKKISGEEMIFVEE-CKEPKAVTILVRGSTEHV
AKATGARIVTKIDDLTPEDLGEAGLVEERKVAGDAMIFVEQ-CKHPKAVTILARGSTEHV
AKATGAKIVTNIRDLTPEDLGEAELVEERKVAGENMIFVEG-CKNPKAVTILIRGGTEHV
AKATGAKIVTNIRDLTPEDLGEAELVEERKVAGENMIFVEG-CKNPKAVTILIRGGTEHV
AKATGAKIVTNIRDLTPEDLGYAELVEERKVAGESMIFVEG-CONPKAVTILIRGGTEHV
AKATGAKIVTNVRDLTPEDLGEAELVEQRKVAGENMIFVEG-CKNPKAVTILIRGGTEHV
AKATGAKIVTNVRDLTPDDLGYAELVEERKVAGENMVEVEG-CKNPKAVTILIRGGTEHV
AKATGAKIVTNVKDLTPEDLGYAEVVEERKLAGENMIFVEG-CKNPKAVTILIRGGTEHV
AKATGAKVLTDLRDISSEDLGEAALVEERKVGDEKMVEVTG-CKNPKAVTILVRGGTEHV
AKACGAKIITDLREITSADLGEAELVEERKVGDEKMVFIEG-CKNPKAVTILIRGGSEHV
ARATGGKLITNLDEITPEDLGFAKLVEEKKVGGDSMTFVTG-CDNPKAVTILLRGGTEHV
ARATGGKLITNLDEIVPEDLGFAKLVEEKKVGGDSMTFVTG-CDNPKAVTILLRGGTEHV
SRATGAKIITSLDEIEESDLGHAGLVEEKDVTGSRMTFVTG-CKDSKATSILLRGGTEHV
SRATGATPVSNVNDIEAADLGAAGSVAQKDIGGDERIFVED-VEEAKSVTLILRGGTEHV
ARATGGRVVSSLDDIEADDLGFAGSVGQKDVGGDERIFVED-VEDAKSVTLILRGGTEHV
SRSTGARIISNIDDIEADDLGFAGSVAQKDIAGDERIFVED-VEDARAVTMILRGGTEHV

giYP 001689883TNVLDASVVTDLDAASEADV-VAGSVTRD--SDDELFYVEGESEQAHGVTLLLRGSTDHV
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Figure 3.132: continued
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VSEVERALNDAIRVVAITKEDGKFLWGGGAVEAELAMRLAKYANSVGGREQLAIEAFAKA
VSEVERALNDAIRVVAITKEDGKFLWGGGAVEAELAMRLAKYANSVGGREQLAIEAFAKA
VDEIERALHDAIRVVAITKEDGKYLPGGGAIEAELSMKIRDYANSVGGREQLAIEAFAKA
VDEMERSITDSLHVVASALEDGAYTAGGGATAAEIAVRLRSYAQKIGGRQQLAIEKFADA
VDETERALRDALGTVADVVRDGRATIAGGGAVETEIAKRLRKYAPQVGGKEQLATIEAYANA
VDETERALRDALGTVADVIRDGRAVAGGGAVELEIAKRLRKYAPQIGGKEQLAIEAYASA
VDETERALRDALGTVADVIRDGRAVAGGGAVEIEIAKRLRKYAPQVGGKEQLAIEAYANA
VDETERALRDALGTVADVIRDGRAVAGGGAVEIEIAKRLRKYAPQVGGKEQLATIEAYANA
VDEAERSLHDALSVVADAIMDGKIVAGGGAVEAEVAKVLYEYASKLPGKTQLAVEAFARA
VDEAERNLDDALSVVSDVVEDPYILPAGGAAEIEAAKAVRAFAPKVGGREQYAVEAFARA
LDEAERSINDALHSLRNVLMKPMIVAGGGAVETELALRLREYARSVGGKEQLAIEKFAEA
VDEAERATIEDAIGVVAAALEDGKVVAGGGAPEVEVARQLRDFADGVEGREQLAVEAFADA
VSEVERATIEDAIGVVAATVEDGKVVAGGGAPEIEIAKRLKDYADSISGREQLAVSAFAEA
VEEVARAIDDAIGVVKCALEEGKIVAGGGATEIELAKRLRKFAESVAGREQLAVKAFADA
VDEVERALEDAIKVVKDILEDGKIIAGGGASEIELSIKLDEYAKEVGGKEQLAIEAFAEA
VDEVERALEDAVKVVKDILEDGKIIAGGGAAEIELSIKLDEYAKEVGGKEQLAIEAFAEA
VDEVERALEDAIKVVKDILEDGKILAGGGAPEIELAIRLDEYAKEVGGKEQLAIEAFAEA
VDEVERALEDAVKVVKDIVEDGKIVAAGGAPEIELSIRLDEYAKEVGGKEQLAIEAFAEA
VDEVERALEDAIKVVKDIVEDGKIVAGGGASEIELAIRLDEYAKEVGGKEQLAIEAFADA
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Figure 3.133: Phylogenetic tree constructed by clustal type multiple sequence
alignments of amino acid sequence of 7. volcanium Hsp60 o subunit protein with

several archaeal Hsp60 proteins.

Phylogenetic tree has three branches: the first one for Methanocaldococcus
jannaschii thermosome, the second one for Methanopyrus kandleri thermosome
subunit and Methanothermobacter thermautotrophicus chaperonin, and the third
one for Hsp60 proteins from other Archaea. In the third branch, hyperthermophilic
archaeal Hsp60 proteins are clustered altogether, as a sub-branch. It is also
possible to distinguish the distinct sub-branches including the members of the
distinct Sulfolobales, Halobacteriales, and Thermoplasmatales. The clustering
scheme is fairly consistent with the systematic classification of the Archaea
Domain. The highest homology between Thermoplasma Hsp60 proteins and
Picrophilus Hsp60 is also evident from this phylogenetic tree, since they are
clustered altogether in the same group. Thermosome proteins of methanogenic
species are clustered as three different groups. Methanosarcina acetivorans Hsp60
protein, Methanosarcina mazei thermosome alpha subunit and Methanosarcina
barkeri thermosome alpha subunit are clustered as a sub-branch. These organisms

belong to the class Methanomicrobia and their optimal growth temperatures is
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37°C. M. kandleri thermosome subunit and M. thermautotrophicus chaperonin
protein form the second branch. These organisms belong to the class Methanopyri.
M. jannaschii thermosome forms a distinct branch. M. jannaschii belongs to the

class Methanococci (Figure 3.133 and Table 3.10).

3.4.3 Sequence Alignments of 7. volcanium Hsp60 [ Subunit With Several
Eukaryal, Archaeal and Bacterial Hsp60 Proteins

TVNO0507 gene encodes Hsp60 B subunit protein of 544 aa length. This protein has
a predicted molecular mass of 58482.50 Da and a theoretical pl of 4.7618.
Multiple sequence alignments of amino acid sequence of 7. volcanium Hsp60 3
subunit protein with several eukaryal, archaeal and bacterial Hsp60 proteins were
achieved by Clustal W 1.83 as described in Section 2.6. Protein sequences of
Hsp60 subunits of organisms were derived from the online-database of NCBI
(Figure 3.134). Scores of this alignment is given in Table 3.11 and 3.12. The
highest homology was found between T. volcanium Hsp60 B sequences and those
of the T. acidophilum thermosome beta chain (P48425) (93%), and Picrophilus
torridus thermosome subunit (YP_023973) (76%). The identity between T.
volcanium Hsp60 B and Hsp60 [ proteins from other Archaeabacteria is 50-60%.
There was a 60% sequence similarity between 7. volcanium Hsp60 o (BAB60294)
and Hsp60 B. The identity between 7. volcanium Hsp60 3 and bacterial GroEL
sequences differed between 20-23 %. Various eukaryotic organisms including
human have Hsp60 proteins with aminoacid sequence identity of 36-38% to T.

volcanium Hsp60 [ protein (Table 3.12).

Hsp60 subunit proteins used in multiple sequence alignment are abbreviated in
phylogenetic tree (Figure 3.135). Phylogenetic tree constructed by this alignment
shows that bacterial and eukaryotic Hsp60 3 and GroEL proteins are
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more closely related to one another then they are to archaeal proteins (Figure
3.135). Thermosome proteins of methanogenic species are clustered as two
different groups. Methanosarcina barkeri Hsp60 protein, Methanosarcina
acetivorans Hsp60 protein and Methanosarcina mazei thermosome alpha subunit
are clustered as a sub-branch. These organisms belong to the class
Methanomicrobia and genus Methanosarcina. They are mesophilic methanogens
with optimal growth temperatures of 37°C. M. kandleri thermosome subunit,
Methanothermococcus thermolithotrophicus chaperonin protein, M. jannaschii
thermosome and M. thermautotrophicus chaperonin protein form a distinct branch.
M. kandleri and M. thermautotrophicus belong to the class Methanopyri. M.
Jjannaschii and M. thermolithotrophicus belong to the class Methanococci. These
methanogens are either thermophilic or hyperthermophilic. Optimum growh
temperature of the organisms in this distinct branch is higher than that of

methanogens which belong to the class Methanomicrobia (Figure 3.135).

In Euryarchaeota, Hsp60 3 proteins of mesophilic methanogens (Methanosarcina,
optimum growth temperature 37°C) appeared to be more close to Halobacteria
(optimum growth temperature 37-45°C) then thermophilic methanogens, and
clustered together. Hsp60 [ subunits of hyperthermophilic members of
Euryarchaeota, other than hyperthermophilic methanogens (i.e. Archaeoglobus,
Pyrococcus) are classified in the same group. These proteins seem to be more
close to eukaryotic and bacterial orthologs and share the most recent ancestor.
Hsp60 B proteins of hyperthermophilic archaea in Crenarchaeota (i.e. Sulfolobus,
Aeropyrum and Pyrobaculum sp.) are clustered together. Eukaryotic and bacterial
Hsp60 B proteins are clustered into two distinct, but phylogenetically related
groups. Hsp60 [ proteins of the archaea in phylum Euryarchaeota (i.e.
Thermoplasma and Picrophilus) fall into same cluster, that is related to one which

includes hyperthermophilic members of the same phylum.
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giYP 001689883—--—————————————————————— MAQQQORMQOGQPMI IMGDDAQ-RVKDRDAQEHNISA 34
GiNP_495722  —==———mmm—mmmm e MASAGDSILALTGKRT---TGQGIRSQNVTA 28
GiNP_ 736462  ————mmm oo oo MAKDIK---FSADARSAMVRG 18
GiNP_608082  —=—————mm oo MAKDIK---FSADARAAMVRG 18
GiNP_ 816272  —=——mmmmm oo MAKEIK---FAEDARAAMLRG 18
GiNP_ 266550 === == == mmmmmm e MSKDIK---FSSDARTAMMRG 18
GiYP 077851  —mm—mmm oo oo MAKDIK---FSEEARRSMLRG 18
giNP_ 388484  ——-——mm oo MAKEIK---FSEEARRAMLRG 18
GiYP 081854  ————mmm oo MAKDIK---FSEEARRSMLRG 18
GiNP_782944  —mmmmmm oo MEMAKSIM---FGEDARRSMQKG 20

GiYP 143537  —mmmmmm oo oo MAKILV---FDEAARRALERG 18

Figure 3.134: Clustal type multiple sequence alignments of amino acid sequence
of T. volcanium Hsp60 B subunit protein with several eukaryal, archaeal and

bacterial Hsp60 proteins.

Conserved sequences related to feature 1, feature 2 and feature 3 were indicated by

#, #, and # symbols on the multiple sequence alignments, respectively.
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gixXpP 956627 AKTVADITIRSCLGPKAMLKMLLDPMGGIVLTNDGHAILREIEVSHP----AAKSMIELSR
giEAW09861 AKTVADITIRSCLGPKAMLKMLLDPMGGIVLTNDGHAILREIEVSHP----AAKSMIELSR
giBAE27111 AKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIEISR
giEDM00727 AKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIEISR
giCAI46192 AKTIADIIRTCLGPKSMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIEISR
giP50143 AKTIADIIRTCLGPRAMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIEISR
giAAM34653 AKTIADIIRTCLGPRAMMKMLLDPMGGIVMTNDGNAILREIQVQHP----AAKSMIEISR
gixp 392814 GKAIADVIRTCLGPQAMLKMLMDPMGGIVMTNDGNAILREITVQHP----AGKSMIEIAR
giAAN13716 GKAIADVIRTCLGPQAMLKMLMDPMGGIVMTNDGNAILREITVQHP----AAKSMIEIAR
giNP 376188 VKAVEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----AAKLLVQIAK
giAAY80050 VKAVEEALKTTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----AAKLLVQIAK
giNP 341830 VKAIEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLQHP----TGKLLVQIAK
giCAR45326 VKAIEEALKSTYGPRGMDKMEVDSLGDITITNDGATILDKMDLQHP----TGKLLVQIAK
giCAA07096 VRAIAETLRTTYGPKGMDKMLVDSLGDITITNDGATILDKMDVQHP----TAKLVVQIAK
giNP 148364 VRAIAQILKTTYGPKGMDKMLVDSLGDITITNNGATILDKMDVAHP----AAKMLVQISK
giAAL63957 ARATAEVMRTTLGPKGMDKMLIDSLGDITITNDGATILDEMDVQHP----TAKLLVEISK
gi024734 AVTLAEMLKSSLGPRGLDKMLIDSFGDVTITNDGATIVKEMEIQHP----AAKLLVEAAK
giBAB59649 ATAISNSVRSSLGPRGMDKMLVDSLGDIVITNDGVTILKEMDVEHP----AAKMMVEVSK
giP48425 ATAISNSVRSSLGPRGMDKMLVDSLGDIVITNDGVTILKEMDVEHP----AAKMMVEVSK
giyp 023973 AKATIATSIRSTLGPRGMDKMLVDSLGDIVITNDGVTILKEMDIEHP----AAKMMVEVSK
giBAB60294 AKATIADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHP----TAKMIVEVSK
giBAA33889 GRIIGETVRSTLGPKGMDKMLVDDLGDIVVTNDGVTILKEMSVEHP----AAKMLIEVAK
giAAB99002 GRIIAETVRTTLGPKGMDKMLVDELGDIVVTNDGVTILKEMSVEHP----AAKMLIEVAK
giNP 275933 GKILAETVRTTLGPKGMDKMLVDSLGDIVVTNDGVTILKEMDIEHP----AAKMLVEVAK
giP50016 ARVVAETVRTTLGPMGMDKMLVDEMGDVVVTNDGVTILEEMDIEHP----AAKMVVEVAK
giNP 070280 ARVIAEAVRSTLGPKGMDKMLVDSLGDVVITNDGVTILKEIDVEHP----AAKMIIEVAK
gi028045 ARVIAEAVKSTLGPKGMDKMLVDSLGDVVITNDGVTILKEMDVEHP----AAKMIIEVAK
giBAA29085 ARITIAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
giNP 125709 ARITIAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
giAALB82098 ARIVAETIRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
giQ52500 ARITIAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
gi024730 ARITIAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
giAAP37564 ARIVAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHP----AAKMMVEVAK
giNP 615060 AKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----AAKMVVEVSK
giNP 633403 AKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----AAKMVVEVSK
giAAZ70052 AKAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHP----GAKMIVEVAK
giCAI48595 GKAVAESVRTTLGPKGMDKMLVDSTGNVVVTNDGVTILGEMDIEHP----AANMIVEVAE
giyYp 137342 GTAVAEAVRTTLGPKGMDKMLVDNSGSVVVTNDGVTILDEMDIEHP----AANMIVEVAQ
giQ9HN70 GKAVAESVRTTLGPKGMDKMLVDSSGEVVVTNDGVTILKEMDIEHP----AANMIVEVAE
gi030561 GKAVAEAVRTTLGPKGMDKMLVDSGGQVVVTNDGVTILKEMDIDHP----AANMIVEVSE
giYP 001689883ARAVADAVRSTLGPKGMDKMLVSSMGDVTVTNDGVTILQEMDIDNP----TAEMIVEVAE
giNP 495722 AVAIANIVKSSLGPVGLDKMLVDDVGDVIVTNDGATILKQLEVEHP----AGKVLVELAQ

giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

VDILADTVKVTLGPKGRNVVLEKAFGSPLITNDGVTIAKEIELEDHFENMGAKLVSEVAS
VDMLADTVKVTLGPKGRNVVLEKAFGSPLITNDGVTIAKEIELEDHFENMGAKLVSEVAS
VDVLADTVKVTLGPKGRNVVLEKSFGSPLITNDGVTIAKEIELEDHFENMGAKLVSEVAS
IDILADTVKTTLGPKGRNVVLEKSYGSPLITNDGVTIAKEIELEDHFENMGAKLVSEVAS
VDALADAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKEIELEDAFENMGAKLVAEVAS
VDALADAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKEIELEDAFENMGAKLVAEVAS
VDTLANAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKEIELEDAFENMGAKLVAEVAS
VDILADTVKVTMGPKGRNVVLDKKFGAPLITNDGVTIAREIELEDAYENMGAQLVKEVAT
VNAVANAVKVTLGPRGRNVVLEKKFGSPTITKDGVTVAKEVELEDHLENIGAQLLKEVAS

* K . * I .
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giXP_ 956627
giEAW09861
giBAE27111
giEDM00727
giCATI46192
giP50143
giAAM34653
giXP_ 392814
giAAN13716
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAA07096
giNP_ 148364
giAAL63957
91024734
giBAB59649
gipP48425
giYP 023973
giBAB60294
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giNP_070280
91028045
giBAA29085
giNP_125709
giAAL82098
91052500
91024730
giAAP37564
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
giQ9HN70
91030561

#H#HE
TODEEVGDGTTTVIILAGEILAQSLPQLERNIHPVVIISAFKRALKDALQITE-DISLPI
TODEEVGDGTTTVIILAGEMLAQALPQLERNIHPVVIIQAFKRALADALAIVE-EVSLPV
TODEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRMALDDMISTLK-KISTPV
TODEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRMALDDMVSTLK-KISTPV
TODEEVGDGTTSVIILAGEMLSVAEHFLEQOMHPTVVISAYRKALDDMISTLK-KISIPV
TODEEVGDGTTSVIILAGEMLSVAEQFLEQOMHPTVIISAYRKALDDMVNTLK-EISTPV
TODEEVGDGTTSVIILAGEMLSVAEQFLEQOMHPTVVIGAYRQALDDMLNILK-DISTPV
TODEEVGDGTTSVIVLAGEILATAEPFLEQNMHPTVIIRAYRQALEDIVTILNEQVSIDL
TODEEVGDGTTSVIVLAGEMLAAAEPFLOQQOIHPTVIIRAYREALEDIVGHLQSQLSIQL
GODEETADGTKTAVILAGELVKKAEELLYKEIHPTIIVSGFKKAEEQALKTIE-EIAQKV
GODEETADGTKTAVIFSGELVKKAEELLYKEIHPTIIVSGYKKAEEMAIKTIE-EISTKV
GODEETADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQ-EIAQPV
GODEETADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQ-DIAQPV
GODEEVGDGTKTAVILAGELLRVAEELLDKNVHPTIIVSGYKKAAEEAIKKLQ-ELAEPT
GQEDEAGDGTKTTVIFAGELLKEAEKLLDINIHPTIIVEGYKEALRKASEVIE-SIAEPV
SQEEEAGDGTTTAVVLAGALLEEAEKLLEKNIHPTVIVSGFKKALDVAAEHLR-KVAIPV
AQDAEVGDGTTSAVVLAGLLLDKADDLLDONIHPTIIIEGYKKALNKSLEIID-QLATKI
TODSFVGDGTTTAVIIAGGLLOQQAEALINONVHPTVISEGYRMASEEAKRIID-EISTKI
TODSFVGDGTTTAVIIAGGLLOQQAQGLINONVHPTVISEGYRMASEEAKRVID-EISTKI
TODSYVGDGTTTAVIIAGALLEQAQALVNONVHPTVITEGYRMADEYARKVLD-EISIKI
AQDTAVGDGTTTAVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKIID-EISVKS
TQEKEVGDGTTTAVVIAGELLRKAEELLDONVHPTIVIKGYQLAVQKAQEVLK-EIAMDV
TQEKEVGDGTTTAVVIAGELLRKAEELLDONIHPSVIINGYEMARNKAVEELK-SIAKEV
TQEDEVGDGTTTAVIIAGELLKKAENLLEMEIHPTITAMGYRQAAEKAQEILD-DIAIDA
TQEDEVGDGTTTAVVLAGELLHKAEDLLQODIHPTVIARGYRMAVEKAEEILE-EIAEET
TODNEVGDGTTTAVVLAGELLKRAEELLDQETHPAITANGYRYAAEKALEILN-EIAIPT
TODNEVGDGTTTAVVLAGELLKKAEELLDOQDIHPTVIARGYRMAANKAVEILE-SIAMDI
TODKEAGDGTTTAVVIAGELLKKAEELLDONIHPSIIIKGYTLASQKAQEILD-SIAKEV
TODKEAGDGTTTAVVIAGELLKKAEELLDONIHPSIVIKGYMLAAEKAQEILD-SIAKEV
TODKEAGDGTTTAVVIAGELLRKAEELLDONIHPSITIIKGYTLAAQKAQEILE-NIAKEV
TODKEAGDGTTTAVVIAGELLRKAEELLDONIHPSIIIKGYALAAEKAQEILD-EIAKDV
TODKEAGDGTTTAVVIAGELLRKAEELLDONIHPSIIIKGYALAAEKAQEILD-EIAKDV
TODKEAGDGTTTAVVIAGELLRKAEELLNONIHPTIIVKGYTLAAEKAQEILE-SIAKDV
TODEQVGDGTTSAAVVAGELLKKAEDLIEQEIHPTITASGYRLAAEKAVEVLN-SLAMNV
TODDEVGDGTTSAAVVAGELLNKAEDLIEQEIHPTITASGYRLAAEKAIEVLN-SLAMSV
TODAEVGDGTTTAAVLAGEFLTKAEDLLESGVHPTVIASGYRLAADQATKTID-TITISA
TQEEEVGDGTTSSVVIAGELLSQAEDLLEQDIHATILAQGYRQAAAEAKAALE-EIATIEV
TQEDEVGDGTTTAVVMAGELLSKAEELLDODIHASILAQGYRQAAEKAKEILE-DNAIDV
TQETEVGDGTTTSVVVSGELLSEAETLLEQDIHATTLAQGYRQAAEKAKELLD-DAAIDV
TQEDEVGDGTTTAVINAGELLDQAEDLLDSDVHATTIAQGYRQAAEKAKEVLE-DNAIEV

giYP 001689883TQEDEAGDGTTTAVAIAGELLKNAEDLLERDIHPTAIIKGYNLAAEQAREEVD-NVAVDV

giNP 495722
giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

LODEEVGDGTTSVVIVAAELLKRADELVKQKVHPTTIINGYRLACKEAVKYISENISETS
KTNDIAGDGTTTATVLTQAIVREGLKNVTAGANPIGIRRGIETAVSAAVEELK---EIAQ
KTNDIAGDGTTTATVLTQAIVHEGLKNVTAGANPIGIRRGIETATATAVEALK---ATAQ
KTNDIAGDGTTTATVLTQAIVREGLKNVTAGANPLGIRRGIELATKTAVEELH---NISS
KTNDIAGDGTTTATVLTQAIVREGLKNVTAGANPVGIRRGIELAAETAVASIK---EMAT
KTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPVGVRKGIEQAVAVAVESLK---EISK
KTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPVGVRKGMEQAVAVAIENLK---EISK
KTNDVAGDGTTTATVLAQAMIREGLKNVTAGANPMGLRKGIEKAVVAAVEELK---TISK
KTNDVAGDGTTTATLLAQAIIREGLKNVTGGANPMLVRRGIQMAVEEAVKGIK---EISK
KTNDVAGDGTTTATVLAQAIVREGLKNVAAGANPLALKRGIEKAVEAAVEKIK---ALAT

kkk e . *
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gixXpP 956627 DINDDQ--—-—--— AMYKLISSSIGTKYVSRWS--ELMCGLALKAVRTVTWEQGNGKKEVDI
giEAW09861 DIDDDK-—-—---— AMYTLIQSSIGTKEVSRWS--ELMCNLALKAVRTVSEFDVGGGKREVDI
giBAE27111 DVNNRE-—-—---- MMLSIINSSITTKVISRWS--SLACNIALDAVKTVQFEE-NGRKEIDI
giEDM00727 DVNNRD-—-—---— MMLNIINSSITTKVISRWS--SLACNIALDAVKTVQFEE-NGRKEIDI
giCAI46192 DISDSD-—-—---- MMLNIINSSITTKAISRWS--SLACNIALDAVKMVQFEE-NGRKEIDI
giP50143 DTNDRE-—-—---— LMLKIINSAINTKAIKLWA--DMACGIALDAVKTVELEE-NGRKEIDI
giAAM34653 DVSNRD-—-—---— MMLKIINSAINTKALSRWS--TLACNIALDAVRTVELDE-NGREEIDI
gixp 392814 DCNDKN-—-—---— KMIQVINSCVRTKFIGRWC--ELACQIALDAVYTVLLEE-NGRREIDI
giAAN13716 DVKDKA--—---— KMADVVKACVGTKFIGKWS--DLAVKIALDAVETVTLSE-NGRLEVDI
giNP 376188 SVNDM-—---—-— DILKKVAMTSLNSKAVAGAR--EYLADIVAKAVTQVAE-LRGDRWYVDL
giAAY80050 SVNDT------— EILRKVALTSLSSKAVAGAR--EHLADIVVKAITQVAE-LRGDKWYVDL
giNP 341830 TINDT---—-- DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDL
giCAR45326 SINDT------ DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDL
giCAA07096 DINND-—----- EILKKIARTSLTSKAVHGAR--DYLAEIVVKAVKQVTE-KRGDKWYIDL
giNP 148364 SYDDV-—-—--—--— EKLKLIAKTSLNSKAVAEAR--DYFAELAVEAVRTVAE-RRGDRWYVDL
giAAL63957 NRTDV-=—-—--— DTLRKIAMTSMGGKISETVK--EYFADLAVKAVLOQVAE-ERNGKWYVDL
gi024734 DVSNLNSLATRDQLKKIVYTTMSSKFIAGGEEMDKIMNMVIDAVSIVAEPLPEGGYNVPL
giBAB59649 GKDEKE--—---— LLIKLAQTSLNSKSASVAK--DKLAEISYEAVKSVAELRDGK-YYVDF
giP48425 GADEKA--—----— LLLKMAQTSLNSKSASVAK--DKLAEISYEAVKSVAELRDGK-YYVDF
giyp 023973 NPDDKD------ KLIKMAMTSLNSKSAGVFK--DKLAELSYQAIKAIAEERDGK-YYVDF
giBAB60294 TDDET--—-————-— LRKIALTALSGKNTGLSN--TFLADLVVKAVNAVAEERDGK-IIVDT
giBAA33889 KADDKE-—-—---— ILHKIAMTSITGKGAEKAK--EKLGEMIVEAVTAVVDES-G---KVDK
giAAB99002 KPEDTE-—-—---- MLKKIAMTSITGKGAEKAR--EQLAEIVVEAVRAVVDEETG---KVDK
giNP 275933 S--DRD------ TLMKVAMTAMTGKGTEKAR--EPLAELIVDAVKQVEEDG----- EVEK
giP50016 DPDDEE-—-—---— TLKKIAKTAMTGKGVEKAR--DYLAELVVKAVKQVAEEEDGE-IVIDT
giNP 070280 SKDDDE------ ILKKIATTAMTGKGAEVAI--DKLAEIAVNAVKMIAEESNGQ-VEVNT
gi028045 DVEDEE--—---— TLKKIAATAITGKHSEYAL--DHLSSLVVEAVKRVAEKVDDR-YKVDE
giBAA29085 KPDDEE-—-—---— VLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAEEKDGK-LKVDI
giNP 125709 KPDDEE-—-—---— VLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAEEKDGK-FKVDI
giAALB2098 KPDDEE-—-—---— ILLKAAMTSITGKAAEEER--EYLAKLAVEAVKLVAEKEDGK-YKVDI
giQ52500 DVEDRE-—-—---- ILKKAAVTSITGKAAEEER--EYLAEIAVEAVKQVAEKVGET-YKVDL
gi024730 DVEDRE-—-—---- ILKKAAVTSITGKAAEEER--EYLAEIAVEAVKQVAEKVGET-YKVDL
giAAP37564 SPMDEE------ ILMKAATTAITGKAAEEER--EYLAKLAVDAVKLVAEEVDGK-YIVDI
giNP 615060 EMSNRE------ LLVSIAETAMTGKGAEASK--KLLSGIAVDAVTSVVDTN--GKKTIDK
giNP 633403 DMGNRD-—-—---- LLLSIAETAMTGKGAESSK--KLLAEIAVDAVTSVVDTN--GKMSVDK
giAAZ70052 SPEDTE------ TLEKIAATAITGKGAEAQK--EHLSRLAVKAVKSVAEISEDGKITVDI
giCAI48595 DEDDAD-—-—---- ILESIAATAMTGKGAEASK--DLLAELVVDSVQAVADD-GD----IDT
giyYp 137342 DADDTE--—---- TLEKVAATAMTGKGAESSK--DVLAELVVRAAQSVVDDDGS----VDT
giQ9HN70 SADDTE------ TLEKIAATAMTGKGAENAK--GVLSDLVVRAVQSVADD-ND----VDT
gi030561 TEDDRE-—-—---— TLTKIAATAMTGKGAESAK--DLLSELVVDAVLAVKDD-DG----IDT
giYP 001689883DPDDKD---—-— LIRSVAETSMTGKGAELDK--ELLSSIIYDAVNQVAVETNDGGIVVDA
giNP 495722 DSIGRQ-—-—-—--- SVVNAAKTSMSSKIIGPDA--DFFGELVVDAAEAVRVENNGK--VTYP
giNP 736462 PVSGKE------ ATAQVAAVSSRSEKVGEYIS-EAMGRVGNDGVITIEESRGMETELEVV
giNP 608082 PVSGKE------ ATAQVAAVSSRSEKVGEYIS-EAMERVGNDGVITIEESRGMETELEVV
giNP 816272 VVDSKE-—-—-—-—--— ATAQVAAVSSGSEKVGQLIA-DAMEKVGNDGVITIEESKGIETELDVV
giNP 266550 PVHDKS------ ATAQVATVSSRSEKVGEYIS-DAMERVGSDGVITIEESKGMQTELDVV
giyp 077851 PIEGKE--—---- STIAQVASISAADEEVGSLIA-EAMERVGNDGVITIEESKGFTTELEVV
giNP 388484 PIEGKE--—---- STIAQVAAISAADEEVGSLIA-EAMERVGNDGVITIEESKGFTTELEVV
giyp 081854 PIEGKS-—-—-—--- STIAQVAAISAADEEVGQLIA-EAMERVGNDGVITLEESKGFTTELDVV
giNP 782944 PVEGKE------ DIARVAAISADDKEIGKLIA-DAMEKVGNEGVITVEESNTMGTELDVV
giYP 143537

PVEDRK------ AIEEVATISANDPEVGKLIA-DAMEKVGKEGIITVEESKSLETELKEV
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giXP_ 956627
giEAW09861
giBAE27111
giEDM00727
giCATI46192
giP50143
giAAM34653
giXP_ 392814
giAAN13716
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAA07096
giNP_ 148364
giAAL63957
91024734
giBAB59649
gipP48425
giYP 023973
giBAB60294
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giNP_070280
91028045
giBAA29085
giNP_ 125709
giAAL82098
91052500
91024730
giAAP37564
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
giQ9HN70
91030561

KRYARVEK--VPGGEIEDSRVLDGVMLNKDITHPKMRRRIENPRIILLDCPLEYKKGESQ
KRYARIEK--IPGGQIEDSEVIDGVMINKDITHPKMRRRIENPRIILLDCPLEYKKGESQ
KKYARVEK--IPGGIIEDSCVLRGVMINKDVTHPRMRRY IKNPRIVLLDSSLEYKKGESQ
KKYARVEK--IPGGIIEDSCVLRGVMINKDVTHPRMRRY IKNPRIVLLDSSLEYKKGESQ
KKYARVEK--IPGGIIEDSCVLRGVMINKDVTHPRMRRY IKNPRIVLLDSSLEYKKGESQ
KKYAKVEK--IPGGIIEDSCVLRGVMVNKDVTHPKMRRLIKNPRIILLDCSLEYKKGESQ
KKYAKVEK--VPGGIIEDSCVLRGVMVNKDVTHPRMRRLIKNPRIVLLDCSLEYKKGESQ
KRYAKVEK--IPGGTIEDSTVLKGVMFNKDVTHPKMRRHIKNPRIVLLDCSLEYKKGESQ
KRYAKVEK--IPGGAIEESCVLKGVMINKDVTHPKMRRLIENPRIVLLDCSLEYKKGESQ
DN-IQIVK--KHGGSINDTQIIYGIVVDKEVVHPGMPKRVENAKIALLDASLEVEKPELD
DN-VQIVK--KHGGSINDTQIVYGIIVDKEVVHPGMPKRVENAKIALLDASLEVEKPELD
DN-VQIVK--KHGGSVNDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELD
DN-VQIVK--KHGGSINDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELD
DS-IQITK--KHGGGLRDTQLVYGIVLDKEVVHPGMPKRVENAYIVLLDAPLEVEKPEID
NN-IQIVK--KHGGSLRDTRLVRGIVLDKEVVHPDMPRRVENARIALLDTPLEIEKPEID
DN-IQIVK--KHGGSLLDTQLVYGIVVDKEVVHAAMPKRVVNAKIALLDAPLEVEKPEID
DL-IKIDK--KKGGSIEDSMLVHGLVLDKEVVHPGMPRRVEKAKIAVLDAALEVEKPEIS
DN-IQVVK--KQGGAIDDTALINGIIVDKEKVHPGMPDVVKNAKIALLDAPLEIKKPEED
DN-IQVVK--KQGGAIDDTQLINGIIVDKEKVHPGMPDVVKDAKIALLDAPLEIKKPEED
DN-LOMVK--KQGGSVDETQLIDGIIIDKEKVHPGMPSTVENAKIALLDLALEVKKPEED
AN-IKVDK--KSGGSINDTQFISGIVVDKEKVHSKMPDVVKDAKIALIDSALEIKKTEIE
DL-IKIEK--KEGASVDETELINGVLIDKERVSPOMPKKIENAKIALLNCPIEVKETETD
DL-IKVEK--KEGAPIEETKLIRGVVIDKERVNPOMPKKVENAKIALLNCPIEVKETETD
DH-IKIEK--KEGAAVDDSTLVQGVIIDKERVHPGMPKKVENAKIALLNCPIEVKETEVD
DH-IKLEK--KEGGGLEDTELVKGMVIDKERVHPGMPRRVENAKIALLNCPIEVKETETD
DY-IKIEK--RQGGSIEETELVDGIVLDKEVVHPGMPKRVENAKILLLDSALEVKETEID
DN-IKLEK--RQGGSVADTKLVNGIVIDKEVVHPGMPKRVKNAKIAVLKAALEVKETETD
DN-IKLEK--KEGGAVRDTRLIRGVVIDKEVVHPGMPKRIENAKIALINDALEVKETETD
DN-IKFEK--KEGGAVSDTKLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETD
DN-IKLEK--KEGGSVRDTQLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETD
DN-IKFEK--KEGGSVKDTQLIKGVVIDKEVVHPGMPKRVEGAKIALINEALEVKETETD
DN-IKFEK--KEGGSVKDTQLIKGVVIDKEVVHPGMPKRVEGAKIALINEALEVKETETD
DN-IKLEK--KEGGSVRDTQLIKGVVIDKERVHPGMPKKVENAKIALINEALEVKETETD
DN-ISVVK--KVGGRIEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNSAIELKDTEVD
EN-ISVVK--KVGGKTEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNTAIELKDTEVD
ED-IKVEK--RPGGSIKDSEIVDGVIVDKERVHPAMPEVVENAKILLLSVPIELKKTETK
DN-IKVEK--VVGGAVDESELVEGVLVGKERVHDNMPALVEDADIALLDTPIEVKETEID
DN-IQIET--VVGGATDESELVEGVIVDKERVHDNMPFAVEDADVALLDTAIEVPETELD
DN-VKVEK--VTGGAIENSELIEGVIVDKERVSENMPYAVEDANIALVDDGLEVQETEID
NN-VSIEK--VVGGTIDNSELVEGVIVDKERVDENMPYAVEDANIAILDDALEVRETEID

giYP 001689883AN-INIET--QTGHGVNESQLLRGAAISKDPVHDOMPAAVEDADVLLLNEATIEVEEAEAD

giNP 495722
giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

INAVNVLK--AHGKSARESVLVKGYALNCTVASQAMPLRVONAKIACLDFSLMKAKMHLG
EG-MQFDRGYLSQYMVTDNEKMVSELENPYILITDKKISNIQEILPLLEEVLKTNRPLLI
EG-MQFDRGYLSQYMVTDNEKMVADLENPFILITDKKVSNIQDILPLLEEVLKTNRPLLI
EG-MQFDRGYLSQYMVTDNDKMEAVLENPYILITDKKISNIQDILPLLEQILQQSRPLLI
EG-MQFDRGYLSQYMVSNTEKMVAELDNPYILITDKKISNIQEILPLLEQILKTNRPLLI
EG-MQFDRGYASPYMVTDSDKMEAVLENPYILVTDKKITNIQEILPVLEQVVQQGKPLLL
EG-MQFDRGYASPYMVTDSDKMEAVLDNPYILITDKKITNIQEILPVLEQVVQQGKPLLL
EG-MQFDRGYASPYMITDSDKMEAVLDNPYILITDKKISNIQEILPVLEQVVQQGKPLLI
EG-MQFDRGYVSPYMVTDTEKMEASLDDAYILITDKKITNIQEILPVLEQIVQQGKRLLI
EG-YQFDKGYISPYFVTITNPETMEAVLEDAFILIVEKKVSNVRELLPILEQVAQTGKPLLI
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gixXP 956627 TNIEITKEEDWNRILEIEEEQVKOMCEHILAFNPD--=-=--=——-—————— LVITEKGVSDL
giEAW09861 TNIEITKEDDWNRILEIEEEQVKHMCDAILALKPD-—-==—-=—-—-—————— IVFTEKGVSDL
giBAE27111 TNIEITREEDFTQILOMEEEYIHQLCEDIIQLKPD-=-====——=————— VVITEKGISDL
giEDM00727 TDIEITREEDFTRILOMEEEYIQQLCEDIIQLKPD-=-====——=————— VVITEKGISDL
giCAI46192 TDIEITREEDFTRILOMEEEYIQQLCEDIIQLKPD-=-===-=——-—————— VVITEKGISDL
giP50143 TEIEITREEDFARILOMEEEYIQQVCEDIIRLKPD-—-====——-=————— VVITEKGISDL
giAAM34653 TDIEIAREEDFARILOMEEEYVQQICEDIIRLKPD-—-====—-—-—————— LIFTEKGISDL
gixp 392814 TNIEIMKDTDFTRILELEEEFVKKMCEDIISVKPD-—-====—-—————— VVITEKGVSDL
giAAN13716 TNVEIIGEQDFTRMLQIEEEFVQRICADIIAVKPD-—-==—=———————— LVFTEKGVSDL
giNP 376188 AEIRINDPTOQMKKFLEEEENLLKEKVDKIAATGAN-—-—-————-——————— VVICQKGIDEV
giAAY80050 AEIRINDPTOQMKKFLDEEENILKEKVDKIAQTGAN-—-—-————-—————-—— VVICQKGIDEV
giNP 341830 AEIRINDPTOQMHKFLEEEENILKEKVDKIAATGAN-—-—-————-——————— VVICQKGIDEV
giCAR45326 AEIRINDPTQMHKFLEEEENILKEKVDKIAATGAN-—-—-————-——————— VVICQKGIDEV
giCAA07096 AEIRISDPTYLKKFLEEEERILEDMVEKIYNVAVERMKRDGMEPGKAGIVVITQKGIDEV
giNP 148364 LEISITSPEQIKALYEKQERILQEKIEKIAATGAN-——-——————————— VVITQKGIDDV
giAAL63957 AEIRINDPTOMRAFLEEEERILRGYVDKLKSLGVT-—-=—===—-————-—— VLFTTKGIDDI
gi024734 AKISITSPEQIKAFLDEEAKYLKDMVDKLASIGAN-—-——————————-—— VVICQKGIDDV
giBAB59649 TNLRIEDPSMIQKFLAQEENMLREMVEKIKSVGAN-—-—-—-—-————————— VVITQKGIDDM
giP48425 TNLRIEDPSMIQKFLAQEENMLREMVDKIKSVGAN-—=-—-—————————— VVITQKGIDDM
giyp 023973 TNLQINDPRMIQKFLDQEEGILKEMVDKIQKTGAN-—-=-=-—————————— VVITQKGIDDM
giBAB60294 AKVQISDPSKIQDFLNQETSTFKEMVEKIKKSGAN-—-—-——-—=—-——=———-—— VVLCQKGIDDV
giBAA33889 AEIRITDPTKLMEFIEQEEKMLKDMVDTIKASGAN-—-—-—————————-—— VLFCQKGIDDL
giAAB99002 AEIRITDPAKLMEFIEQEEKMIKDMVEKIAATGAN-—-—-——————————— VVEFCQKGIDDL
giNP 275933 AEIRITDPSQMQAFIEQEEQMIRDMVNSIVDTGAN-—-—-——-—=—-———-——-—— VLFCQKGIDDL
giP50016 AEIRITDPEQLQAFIEEEERMLSEMVDKIAETGAN-—-—-——-——-—-————-—— VVEFCQKGIDDL
giNP 070280 AKIRITDPEKLQKFIEQEEAMLKEMVDKIVNAGAN-—-—-——-——-—————-—— VVEFCQKGIDDL
gi028045 AEIRITDPDQLMKFIEQEEKMLKEMVDRLAEAGAN-—-—-———————-——-—— VVEFCQKGIDDL
giBAA29085 AEIRITSPEQLQAFLEQEEKMLKEMVDKIKEVGAN--—-—-—-—=—-—-————-—— VVEVQKGIDDL
giNP 125709 AEIRITSPEQLQAFLEQEEKMLKEMVDKIKEVGAN--—-—-—-—=—-—-——-——-—— VVEFVQKGIDDL
giAALB2098 AEIRITSPEQLQAFLEQEERMLREMVEKIKEVGAN--—-—-—-——-—-————-—— VVEVQKGIDDL
giQ52500 AEIRITSPEQLQAFLEQEEKMLREMVDKIKEVGAN-—-—-—-——=——-————-—— VVEVQKGIDDL
gi024730 AEIRITSPEQLQAFLEQEEKMLREMVDKIKEVGAN--—-——-—=—-—————-—— VVEVQKGIDDL
giAAP37564 AEIRITSPEQLQAFLEQEEKMIKEMVDKIVATGAN-—-—-——-———————-—— VVEFCQKGIDDL
giNP 615060 AEISITSPDQLOSFLDQEEAMLKKIVQKVISSGAN-—-———————————— VVEFCQKGVEDL
giNP 633403 AEISITSPDQLOSFLDQEEQMLKKIVQKVINSGAN-—-—-——————————— VVEFCQKGVEDL
giAAZ70052 AEIKITNPDOMQLFLDQEEAMLKEIVDKVIKTGAN-—-—-——-—=——————-—— VVEFCQKGIDDL
giCAI48595 AEVNVTDPDQLEQFLEQEEKQLREMVDQLADAGAD-—-—-————-———-——-—— VVFCQKGIDDM
giYP 137342 TEVNVTDPDQLQQFLDQEEEQLKEMVDQLAEAGAD-—=-=—————————— VVFCQKGIDDM
giQ9HN70 TEVNVTDPDQLONFLDQEEEQLKEMVDALKDAGAN-——-—-—————————— VVFADSGIDDM
gi030561 AEVNVTDPDQLQQFLDQEEKQLKEMVDQLVEVGAD-—-—-——=—=——-————-—— AVEFVGDGIDDM
giYP 001689883TSVNIESPDQLOSFLDQEEKQLKEKVQQIADTGAN-—-———=—==————— VVEFCQKGIDDM
giNP 495722 ISVVVEDPAKLEAIRREEFDITKRRIDKILKAGAN--——————————-—— VVLTTGGIDDL
giNP 736462 IADDVDGEALPTLVLNKIRGTFNVVAVKAPGFGDRR-—--—-——-————-—— KAMLEDIAILT
giNP 608082 IADDVDGEALPTLVLNKIRGTFNVVAVKAPGFGDRR-—-—-—-—=—————-—— KAMLEDIAILT
giNP 816272 IADDVDGEALPTLVLNKIRGTFNVVAVKAPGFGDRR---—-——-————-—— KAMLEDIAILT
giNP 266550 VADDVDGEALPTLVLNKIKGVENVVAVKAPGFGDRR-——==——-————-—— KAQLEDLAILT
giyp 077851 IAEDVEGEALATLVVNKLRGTFNAVAVKAPGFGDRR---———-————-—— KAMLEDISILT
giNP 388484 IAEDVEGEALATLVVNKLRGTFNAVAVKAPGFGDRR---———-————-—— KAMLEDIAVLT
giyp 081854 IAEDVEGEALATLVVNKLRGTFNVVAVKAPGFGDRR---—-—=—————-—— KAMLEDIAILT
giNP 782944 ISEDIEGEALATLVVNKLRGTFTCVAVKAPGFGDRR---——=—————-—— KEMLEDIATLT
giYP 143537

IAEDVEGEALATLVVNKLRGTLSVAAVKAPGFGDRR---—-—-=————-—— KEMLKDIAAVT
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gixXpP 956627 AQHYLMKANVTALRRVRKTDNNRIARATGATIVNRVEDLQ-----— ESDVGTNCGLFEVE
giEAW09861 AQHFLMKANVTAIRRVRKTDNNRIARATGATIVNRVDDLQ-----— ESDVGTQCGLFEIE
giBAE27111 AQHYLMRANVTATIRRVRKTDNNRIARACGARIVSRPEELR-—-—---- EDDVGTGAGLLEIK
giEDM00727 AQHYLMRANVTATIRRVRKTDNNRIARACGARIVSRPEELR-—-—---- EDDVGTGAGLLEIK
giCAI46192 AQHYLMRANITATIRRVRKTDNNRIARACGARIVSRPEELR------ EDDVGTGAGLLEIK
giP50143 AQHYLVKANITAVRRVRKTDNNRIARACGARIASRTDELR------ EEDVGTGAGLFEIK
giAAM34653 AQHYLMKANITATIRRIRKTDNNRIARACGARIASRTDELT------ ENDVGTGTGLFEVK
gixp 392814 AQHYLVKAGISATIRRLRKSDINRIARACGATVVNRTEELR-—----- DEDVGTRAGLFEIK
giAAN13716 AQHYLLKAGITAIRRLRKTDNLRIARACGATIVNRTEELT------ EKDVGTGAGLFEVK
giNP 376188 AQHYLAKKGILAVRRAKKSDLEKLARATGGRVVSNIDELT------ PODLG-YAALVEER
giAAY80050 AQHYLAKKGILAVRRAKKSDLEKLARATGGRVVSNIDELT------ SQDLG-YATLVEER
giNP 341830 AQHYLAKKGILAVRRAKKSDLEKLARATGGRVISNIDELT------ SQDLG-YAALVEER
giCAR45326 AQHYLAKKGILAVRRAKKSDLEKLARATGGRVISNIDELT------ SQDLG-YAALVEER
giCAA07096 AQHFLAKKGIMAVRRVKRSDIEKISKATGAKIVSNIEDLT------ PEDLG-FAKLVEER
giNP 148364 AQHFLAKKGILAVRRVKRSDIEKIARATGARIVTDIEDLR------ PEDLG-YAELVEER
giAAL63957 AQYYLAKAGILAVRRVKRSDIEKLVRATGARLVTSIEDLT------ EADLG-FAGLVEER
gi024734 AQHFLAKKGILAVRRVKRSDIEKLEKALGARIISSIKDAT------ PEDLG-YAELVEER
giBAB59649 AQHYLSKEGIYAVRRVKKSDMDKLAKATGATVVSTIDEIS-----— ASDLG-SADRVEQV
giP48425 AQHYLSRAGIYAVRRVKKSDMDKLAKATGASIVSTIDEIS-—----— SSDLG-TAERVEQV
giyp 023973 AQHYLAKAGIYAVRRVKKSDVDKLAKATGAAIVSSLDEMT------ EADLG-KADKVEQV
giBAB60294 AQHYLAKEGIYAVRRVKKSDMEKLAKATGAKIVTDLDDLT-----— PSVLG-EAEKVEER
giBAA33889 AQHYLAKEGILAVRRVKKSDMEKLSKATGANVVTNIKDLK------ AEDLG-EAGIVEER
giAAB99002 AQHYLAKKGILAVRRVKKSDMEKLAKATGARIVTKIDDLT------ PEDLG-EAGLVEER
giNP 275933 AQHYLAKAGVLAVRRVKKSDMEKLSKATGANIVTINIEDLS-—----- PEDLG-EAGVVSEK
giP50016 AQHYLAKKGILAVRRVKKSDMQKLARATGARIVTNIDDLS-----— EEDLG-EAEVVEEK
giNP 070280 AQYYLAKAGVLAVRRVKKSDMEKLAKATGAKVLTDLRDIS-----— SEDLG-EAALVEER
gi028045 AQYYLAKAGILAVRRVKQSDIEKIAKACGAKIITDLREIT-----— SADLG-EAELVEER
giBAA29085 AQHYLAKYGILAVRRVKKSDMEKLAKATGAKIVINIRDLT------ PEDLG-EAELVEER
giNP 125709 AQHYLAKYGILAVRRVKKSDMEKLAKATGAKIVINIRDLT------ PEDLG-EAELVEER
giAALB82098 AQHYLAKYGIMAVRRVKKSDMEKLAKATGAKIVINIRDLT------ PEDLG-YAELVEER
giQ52500 AQHYLAKYGIMAVRRVKKSDMEKLAKATGAKIVTINVRDLT-----— PEDLG-EAELVEQR
gi024730 AQHYLAKYGIMAVRRVKKSDMEKLAKATGAKIVTINVRDLT-----— PEDLG-EAELVEQR
giAAP37564 AQHYLAKAGILAVRRVKKSDMEKLAKATGAKIVINVRDLT------ PDDLG-YAELVEER
giNP 615060 AQHYLAKAGIFAIRRVKKSDMEKLARATGGKLITNLDEIT------ PEDLG-FAKLVEEK
giNP 633403 AQHYLAKAGIFAVRRVKKSDMEKLARATGGKLITNLDEIV-----— PEDLG-FAKLVEEK
giAAZ70052 AQYYMTKAGIFGMRRVKKSDMDKLSRATGAKIITSLDEIE-—-—---— ESDLG-HAGLVEEK
giCAI48595 AQHYLAQEGILAVRRAKKSDMKALARATGGRVVSNIDDIT------ ADDLG-FAGSVSQK
giyYp 137342 AQHYLAQEGILAVRRAKKSDIEALSRSTGARIISNIDDIE-—----— ADDLG-FAGSVAQK
giQ9HN70 AQHYLAKEGILAVRRAKSDDFTRLSRATGATPVSNVNDIE-----— AADLG-AAGSVAQK
gi030561 AQHYLAKEGILAVRRAKSSDLKRLARATGGRVVSSLDDIE-—----— ADDLG-FAGSVGQK
giYP 001689883AQHYLAKEGILAVRRTKKSDIEFLTNVLDASVVTDLDAAS---——— EADV--VAGSVTRD

giNP 495722
giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

CLKQFVESGAMAVRRCKKSDLKRIAKATGATLTVSLATLEGDEA-FDASLLGHADEIVQE
GGTVVTEDLGLDLKDATMQVLGQSAKVTVDKDSTVIVEGAGDSSATIANRVAIIKSQMEAT
GGTVITEDLGLELKDATMTALGQAAKITVDKDSTVIVEGSGSSEATIANRIALIKSQLETT
GGTVITDDLGLELKDTTIENLGNASKVVVDKDNTTIVEGAGSKEAIDARVHLIKNQIGET
GGTVITEELGLDLKDATLEALGQAAKATVDKDHTTIVEGAGSADAISDRVAIIKAQIEKT
GAEVITEDLGLDLKSTQINQLGRASKVVVTKENTTIVEGAGDTEQIAARVNQIRAQVEET
GGEVITEDLGLDLKSTQIAQLGRASKVVVTKENTTIVEGAGETDKISARVTQIRAQVEET
GGEVITEELGRDLKSATVESLGRAGKVVVTKENTTVVEGVGSTEQIEARIGQIRAQLEET
GGQVISEEIGRDLKDVTVDMLGRAESVKITKETTT IVNGKGNKKEIEDRVNQIKAQIEET
GGTVISEELGFKLENATLSMLGRAERVRITKDETTIVGGKGKKEDIEARINGIKKELETT
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giXP_ 956627
giEAW09861
giBAE27111
giEDM00727
giCATI46192
giP50143
giAAM34653
gixXP_ 392814
giAAN13716
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAR07096
giNP_ 148364
giAAL63957
gi024734
giBAB59649
gipP48425
giYP 023973
giBAB60294
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giNP_070280
91028045
giBAA29085
giNP_125709
giAAL82098
91052500
91024730
giAAP37564
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
g1iQ9HN70
91030561

KIGDEYFTFLTK-CKDPKACTVLLRGP-SKDVLNEIERNLODAMGVARNVMFHPRLSPGG
KIGDEYFTFLRK-CONPKACTILLRGP-SKDILNEIERNLODAMSVARNVIFHPRLCPGG
KIGDEYFTFITG-CKDPKACTILLRGA-SKEILSEVERNLODAMQVCRNVLLDRQLVPGG
KIGDEYFTFITD-CKDPKACTILLRGA-SKEILSEVERNLODAMQVCRNVLLDPQLVPGG
KIGDEYFTFITD-CKDPKACTILLRGA-SKEILSEVERNLODAMQVCRNVLLDPQLVPGG
KIGDEYFTFITD-CKDPKACTIVLRGA-SKEILAEVERNLODAMQVCRNVVIDPYLVPGG
KIGDEYFTEFVTE-CKDPKACTILLRGA-SKEILAEVERNLODAMQVCRNVLLDPYLLPGG
KVGDEYFCFITE-CKDPKACTIILRGA-SKDVLNETERNLODALHVARNLLIEPKLVPGG
KIGDEYFTEFVTE-CKEPKACTILLRGA-SKDILNETERNLODALHVARNLVLEPRLVAGG
KVGEDKMVEVEG-AKNPKAVSILIRGG-LERVVDETERALRDALGTVADVIRDGRAVAGG
KIGEDKMVFIEG-AKNPKAVSILIRGG-LERVVDETERALRDALGTVADVVRDGRAIAGG
KVGEDKMVEVEG-AKNPKSVSILIRGG-LERVVDETERALRDALGTVADVIRDGRAVAGG
KVGEDKMVEVEG-AKNPKSVSILIRGG-LERVVDETERALRDALGTVADVIRDGRAVAGG
KVGENKMVFEFIEG-CPNPKAVTIVIRGG-LERLVDEAERSIQDAMHAVADAIRDGKIFAGG
KVGEDKMVFEFIEG-AKNPKSVTILLRGG-FERLVDEAERSLHDALSVVADAIMDGKIVAGG
RVGDEKMVEVEQ-CKNPKAVSILVRGG-FERLVDEAERNLDDALSVVSDVVEDPYILPAG
RVGNDKMVFEFIEG-AKNPKAVNILLRGS-NDMALDEAERSINDALHSLRNVLMKPMIVAGG
KVGDDYMTEVTG-CKNPKAVSVLVRGE-TEHVVDEMERSITDSLHVVASALEDGAYTAGG
KVGEDYMTEVTG-CKNPKAVSILVRGE-TEHVVDEMERSITDSLHVVASALEDGAYAAGG
KIGDDYMTEVTG-AKNPKAVSILIRGE-TDHVVDEIERSITDSLHVVAAAVEDAAYVTGG
KIGDDRMTEVTG-CKNPKAVSILIRGG-TEHVVSEVERALNDAIRVVAITKEDGKEFLWGG
KIAGDAMIFVEE-CKHPKAVTMLIRGT-TEHVIEEVARAVDDAIGVVACTIEDGKIVAGG
KVAGDAMIFVEQ-CKHPKAVTILARGS-TEHVVEEVARAIDDAIGVVKCALEEGKIVAGG
KISGEEMIFVEE-CKEPKAVTILVRGS-TEHVVSEVERAIEDAIGVVAATVEDGKVVAGG
KVAGDKMIFVEG-CKDPKAVTILIRGG-TEHVVDEAERAIEDAIGVVAAALEDGKVVAGG
KVGDEKMVEVTG-CKNPKAVTILVRGG-TEHVVEEIARGIEDAVRAVACAVEDGKVVVGA
KVGDEKMVFEFIEG-CKNPKAVTILIRGG-SEHVVDEVERSLODAIKVVKTALESGKVVAGG
KVAGENMIFVEG-CKNPKAVTILIRGG-TEHVVDEVERALEDAIKVVKDILEDGKIIAGG
KVAGENMIFVEG-CKNPKAVTILIRGG-TEHVVDEVERALEDAVKVVKDILEDGKIIAGG
KVAGESMIFVEG-CONPKAVTILIRGG-TEHVVDEVERALEDAIKVVKDILEDGKILAGG
KVAGENMIFVEG-CKNPKAVTILIRGG-TEHVVDEVERALEDAVKVVKDIVEDGKIVAAG
KVAGENMIFVEG-CKNPKAVTILIRGG-TEHVVDEVERALEDAVKVVKDIVEDGKIVAAG
KVAGENMVEVEG-CKNPKAVTILIRGG-TEHVVDEVERALEDAIKVVKDIVEDGKIVAGG
KVGGDSMTEVTG-CDNPKAVTILLRGG-TEHVVDSVDSALEDALRVVGVAIEDEKLVSGG
KVGGDSMTEFVTG-CDNPKAVTILLRGG-TEHVVDSIDSALEDALRVVGVAIEDEKLVAGG
DVTGSRMTEVTG-CKDSKATSILLRGG-TEHVVEGIERALEDALRVVGVALEDQKIVVGG
PIAGDEKIFVED-VDEAKAVTLILRGG-TEHVVDEIERAIEDSLGVVQTTLEDGQVLPGG
DIAGDERIFVED-VEDARAVTMILRGG-TEHVVDEVERAIEDSLGVVAATLEDGKVLPGG
DIGGDERIFVED-VEEAKSVTLILRGG-TEHVVDEVERAIEDSLGVVRVTLEDGQVMPGG
DVGGDERIFVED-VEDAKSVTLILRGG-TEHVVDELERAIEDSLGVVRTTLEDGKVLPGG

giYP 001689883--SDDELFYVEGESEQAHGVTLLLRGS-TDHVVDELERGVSDALDVSAQTLSDGRVLPGG

giNP 495722
giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

RISDDELILIKG-PKSRTASSIILRGA-NDVMLDEMERSVHDSLCVVRRVLESKKLVAGG
TSDFDREKLQERLAKLAGGVAVIKVGAATETELKEMKLRIEDALNATRAAVEEG-IVSGG
TSDFDREKLQERLAKLAGGVAVIKVGAPTETALKEMKLRIEDALNATRAAVEEG-IVAGG
TSDFDREKLQERLAKLAGGVAVVKVGAATETELKELKLRIEDALNATRAAVEEG-MVSGG
TSDFDREKLQERLAKLAGGVAVVKVGAATETELKAMKLLIEDALNATRAAVEEG-IVSGG
TSEFDKEKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVSGG
TSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVSGG
TSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNSTRAAVEEG-IVAGG
TSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALAATKAAVEEG-IIPGG
DSEYAREKLQERLAKLAGGVAVIRVGAATETELKEKKHRFEDALNATRAAVEEG-IVPGG

* . Koe
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giXP_ 956627
giEAW09861
giBAE27111
giEDM00727
giCATI46192
giP50143
giAAM34653
gixP_ 392814
giAAN13716
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAR07096
giNP_ 148364
giAAL63957
gi024734
giBAB59649
gipP48425
giYP 023973
giBAB60294
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giNP_070280
91028045
giBAA29085
giNP_125709
giAAL82098
91052500
91024730
giAAP37564
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
giYP 137342
g1iQ9HN70
91030561

#o#E#
GATEMAVSVRLTQLAKSIEGVQQWPYKAVAEALEVIPRTLVONAGKSPVRVLTDLRAKHA
GAIEMAVSVRLSQLAKSIEGVQQWPYKAVADAMEVIPRTLAQNAGASPIRVLTRLRAKHV
GASEMAVAHALTEKSKAMTGVEQWPYRAVAQALEVIPRTLIQNCGASTIRLLTSLRAKHT
GASEMAVAHALTEKSKAMTGVEQWPYRAVAQALEVIPRTLIQNCGASTIRLLTSLRAKHT
GASEMAVAHALTEKSKAMTGVEQWPYRAVAQALEVIPRTLIQNCGASTIRLLTSLRAKHT
GASEMSVAHILTEKSKTMTGVEQWPYRAVAQALEVIPRTLIQNCGASTIRILTSLRAKHT
GAVEMEVSHRLTERSRAMTGVEQWPYRAVAQALEVVPRTLIQNCGASAIRVLTSLRAKHT
GAVEMAVSRLLTEKAARLAGVEQWPYKAVAQALEITIPRTLAQNCGANTIRTLTALRAKHA
GAVEMAASQLLTRKQVKG-———--— PYTAVAHALEIIPRTLAQNCGANTIRALTALRAKHA
GAVELETAKRLRKYAPQIGGKEQLAIEAYASALENLVMILIENGGYDPIDLLVKLRSAHE
GAVETETIAKRLRKYAPQVGGKEQLAIEAYANALESLVMILIENGGFDPIELLVKLRSAHE
GAVEIETIAKRLRKYAPQVGGKEQLAIEAYANAIEGLIMILAENAGLDPIDKLMQLRSLHE
GAVEIETIAKRLRKYAPQVGGKEQLAIEAYANAIEGLIMILAENAGLDPIDKLMQLRSLHE
GAVEVELSKYLREIAPKIGGKEQLAVEAFARALEGLPMALAENAGLDPVEIMMKLRAAHS
GAVEAEVAKVLYEYASKLPGKTQLAVEAFARAVEALPQALAHNAGHDPIEVLVKLRSAHE
GAAEIEAAKAVRAFAPKVGGREQYAVEAFARALEVIPKALAENAGLDPIDILTELTHKHE
GAVETELALRLREYARSVGGKEQLAIEKFAEALEEIPMILAETAGMEPIQTLMDLRAKHA
GATAAETIAVRLRSYAQKIGGRQQLAIEKFADAIEEVPRALAENAGLDPIDIILKLRAEHA
GATAAETAFRLRSYAQKIGGRQQLAIEKFADAIEEIPRALAENAGLDPIDILLKLRAEHA
GSAAEETAFRLRTYASKVGGRQQLAIERFADALEEIPRALAENAGLDPIDILIKIRSEHA
GAVEAELAMRLAKYANSVGGREQLAIEAFAKALEITPRTLAENAGIDPINTLIKLKSEHE
GAAEIELAMKLRDYAEGVSGREQLAVRAFADALEVVPRTLAENAGLDATIEMLVKLRAKHA
GATEIELAKRLRKFAESVAGREQLAVKAFADALEVIPRTLAENSGLDPIDMLVKLRAAHE
GAPEIETIAKRLKDYADSISGREQLAVSAFAEALEIVPKTLAENAGLDSIDVLVDLRAAHE
GAPEVEVARQLRDFADGVEGREQLAVEAFADALEITIPRTLAENSGLDPIDVLVQLRAKHE
GAPEIEVSLKLREWAPSLGGREQLAVEAFATALEITIPRTLAENAGLDPIDVLVELKAAHE
GAPEIEVALKIRDWAPTLGGREQLAAEAFASALEVIPRALAENSGLDPIDILVELRKAHE
GASEIELSIKLDEYAKEVGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHK
GAAEIELSIKLDEYAKEVGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHK
GAPEIELAIRLDEYAKEVGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHK
GAPEIELAIRLDEYAKEVGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHK
GAPEIELSIRLDEYAKEVGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHK
GASEIELAIRLDEYAKEVGGKEQLAIEAFADALKVIPRTLAENAGLDPVDVLVKVTAAHK
GSPEVEVALRLQEYAATLEGREQLAVKAYSEALEVIPRTLAENAGLDPIDMLMELRSQHE
GSPEVEVALRLQEYAATLEGREQLAVKAYSEALEVIPRTLAENAGLDPIDMLMELRSQHE
GSPEIELSLRLKEYAATLKGREQLAVMKFAESLEITIPSTLAENAGLDPIDMLVEMRSQHE
GAPEIALALALRDFADSVGGREQLAVEAFADAVDVIPRTLAENAGLDPIDSLVDLRSQHA
GAPETQLALGLRDHADSVGGREQLAVEAFADAIDVIPRTLAENAGLDPIDSLVDLRSKHD
GAPETELAMQLRDFADSVGGREQLAVEAFADALEVIPRTLAENAGHDPIDSLVDLRSQHD
GAPETELSLQLREFADSVGGREQLAVEAFAEALDITIPRTLAENAGLDPIDSLVDLRSRHD

giYP 001689883GATEVEVASRLRDFADSVSGREQLAVEAFADSLELVPRVLAENAGLDSIDTLVDLRSAHE

giNP 495722
giNP 736462
giNP 608082
giNP 816272
giNP 266550
giyp 077851
giNP 388484
giyp 081854
giNP 782944
giYP 143537

GAVETSLSLFLETYAQTLSSREQLAVAEFASALLIIPKVLASNAARDSTDLVTKLRAYHS
GTALVNVIEKVAALKLN--GDEETGRNIVLRALEEPVRQIAYNAGYEGSVIIERLKQSETI
GTALITVIEKVAALELE--GDDATGRNIVLRALEEPVRQIALNAGYEGSVIIDKLKNSPA
GTALVNVIGKVAALEAE--GDVATGIKIVVRALEEPIRQIAENAGYEGSVIVDKLKNVDL
GTALVNATAALDKLSEE--GDIQTGINIVRRALEEPVRQIAANAGYEGSVIIDKLRSEEV
GTALVNVYNKVAALEAE--GDELTGINIVLRALEEPIRQIAHNAGLEGSVIVERLKNEETI
GTALVNVYNKVAAVEAE--GDAQTGINIVLRALEEPIRQIAHNAGLEGSVIVERLKNEETI
GTSLMNVYTKVASIVAE--GDEATGINIVLRALEEPVRQIAINAGLEGSVVVERLKGEKV
GTAYAMVIKEVEKLNSET-HDIKLGIDIVKKSLEEPVRQIACNAGVEGSIVIEKVKHSEA
GVTLLRAISAVEELIKKLEGDEATGAKIVRRALEEPARQIAENAGYEGSVIVQQILAETK

* .

Figure 3.134: continued
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gixXpP 956627 EGK-—-—————- NSWGINGDTGAIVD-MKDYGVWEPEAIKVQSMKTAIEAACLLLRVDDIC
giEAW09861 EGQ--—————- YTWGLDGDSGNLVD-MKEYGVWEPEAVKLQS IKTAVESACLLLRVDDIC
giBAE27111 QES-——————- CETWGVNGETGTLVD-MKELGIWEPLAVKLOTYKTAVETAVLLLRIDDIV
giEDM00727 QEN-—-—-—-——- CETWGVNGETGTLVD-MKELGIWEPLAVKLOTYKTAVETAVLLLRIDDIV
giCAI46192 QEN-—-—-—-——- CETWGVNGETGTLVD-MKELGIWEPLAVKLOTYKTAVETAVLLLRIDDIV
giP50143 QEG-—————- COQTWGVDGEAGVLAD-MKELGIWEPLAVKLOTYKTAVETAILLLRIDDIV
giAAM34653 QEG-—-————- NSSWGVNGETGTLAD-MEQLGIWEPLAVKAQTYKTAVETAILLLRIDDIV
gixp 392814 TEG-—-————-- MTWGIDGETGQLVD-MKEHGIWEPLSVKLQTYKTAIETAILLLRIDDIV
giAAN13716 SHTGD----GVCAWGIDGESGEIVD-MNVKNIWEPLAVKLOQTYKTAVETAILLLRIDDIV
giNP 376188 NEAN------- KWYGINVEFTGQVED-MWKLGVIEPAVVKMNAIKAATEAATLILRIDDLI
giAAY80050 NETN------- KWHGINVYTGQIQD-MWSLGVIEPAVVKMNAIKAATEASTLILRIDDLI
giNP 341830 NETN------- KWYGLNLFTGNPED-MWKLGVIEPALVKMNAVKAATEAVTLVLRIDDIV
giCAR45326 NETN------- KWYGLNLFTGNPED-MWKLGVIEPALVKMNAIKAATEAVTLVLRIDDIV
giCAA07096 KPDG-——=—-— KWYGINVENGNVEN-MMELGVVEPVSIKANAIKAGTEAATMVLRIDDITI
giNP 148364 KPEN-—-—-——-- KWYGVDLDTGEIVD-MWSRGVLEPMRVKLNALKAATEVASLILRIDDVI
giAAL63957 QTDG-—————— WKYGLDVYQGKVVD-MVSLGLVEPLTVKINALKVAVEAASMILRIDEIT
gi024734 KG-L-—=-—=-—-- INAGVDVMNGKIADDMLALNVLEPVRVKAQVLKSAVEAATAILKIDDLI
giBAB59649 KGN-=-=-==---- KYAGVNVFSGEIED-MVNNGVIEPIRVGKQAIESATEAAIMILRIDDVI
giP48425 KGN-==-==--- KTYGINVEFTGEIED-MVKNGVIEPIRVGKQAIESATEAAIMILRIDDVI
giyp 023973 AGH---—-—-—-—-- TKYGLNVEFTGEVED-MEKANVIEPIRVGKQAIDSATDAAVMILRIDDVI
giBAB60294 KGK-==—=—-- ISMGVDLDSNGAGD-MSKKGVIDPVRVKTHALESAVEVATMILRIDDVI
giBAA33889 EGNN------- AYYGLNVEFTGDVEN-MTENGVVEPLRVKTQAIQSATEATEMLLRIDDVI
giAAB99002 KEGG-—-—--—-- EVYGLDVFEGEVVD-MLEKGVVEPLKVKTQAIDSATEASVMLLRIDDVI
giNP 275933 ES-———--—-—- TYMGIDVEFDGKIVD-MKEAGVIEPHRVKKQAIQSAAEAAEMILRIDDVI
giP50016 DGQ-—-—————- VTAGIDVYDGDVKD-MLEEGVVEPLRVKTQALASATEAAEMILRIDDVI
giNP 070280 KGQ--——---- KYAGVDVDTGKVVD-MKERGVFEPLRVKTQAIGSATEVAVMILRIDDITI
gi028045 EGK-—-—————- TTYGVDVEFSGEVAC-MKERGVLEPLKVKTQAITSATEVAIMILRIDDVI
giBAA29085 EKG-—-—————- QTIGIDVYEGEPAD-MMERGVIEPVRVKKQAIKSASEAAIMILRIDDVI
giNP 125709 EKG-—-—————- PTIGIDVYEGEPAD-MMERGVIEPVRVKKQAIKSASEAAIMILRIDDVI
giAAL82098 EKG-—-—————- PTIGVDVYEGEPAD-MLERGVIEPLRVKKQAIKSASEAAIMILRIDDVI
giQ52500 EKG-—-—————- PTIGVDVFEGEPAD-MLERGVIAPVRVPKQAIKSASEAAIMILRIDDVI
gi024730 EKG-—-—————- PTIGVDVFEGEPAD-MLERGVIAPVRVPKQAIKSASEAAIMILRIDDVI
giAAP37564 DKG-=—————-- ATIGVDVFAGEPAD-MLERGVIEPLRVKKQAIKSASEAAIMILRIDDVI
giNP 615060 KGMK-—--—-——-—- TAGLDVYEGKVVD-MWNNEVVEPLRVKTQVINAATESAVMILRIDDITI
giNP 633403 KGMK-—--—-——-—- TAGLNVYEGKVVD-MWENFVVEPLRVKTQVINAATESAVMILRIDDITI
giAAZ70052 KGNK-—-=————- RAGLNVYTGKIED-MFENNVVEPLRIKTQAINAATEAAIMVLRIDDVI
giCAI48595 EGDD--=-—-——-—— AAGLDAYTGDVID-MEEEGVVEPLRVKTQAIESATEAAVMILRIDDVI
giyYp 137342 GGAV-——————- TSGLDAYTGEVVD-MEEDGVVEPLRVKTQAVESATEAAVMILRIDDVI
giQ9HN7T0 GGDT--—————- EAGLDAYNGDVID-MESEGIVEPLRVKTQAIESATEAATMILRIDDVI
gion30561 GGEF--—————- AAGLDAYTGEVID-MEEEGVVEPLRVKTQAIESATEAAVMILRIDDVI
giYpP 001689883NDDD------- EHIGLNVLSGDLED-TFEAGVVEPAHAKEQAVTSASEAANLVLKIDDIT
giNP 495722 KAQLIPQLOHLKWAGLDLEEGTIRD-NKEAGILEPALSKVKSLKFATEAAITILRIDDLI
giNP 736462 G-———————————- TGENAANGEWVD-MVTTGIIDPVKVTRSALONAASVASLILTTEAVV
giNP 608082 G-———————————- TGENAATGEWVD-MIKTGIIDPVKVTRSALONAASVASLILTTEAVV
giNP 816272 G-———————————- IGFNAANGEWVN-MVEAGIVDPTKVTRSALQNAASVSALLLTTEAVV
giNP 266550 G-———————————- TGEFNAATGQWVN-MIEEGIVDPAKVTRSALONAASVAGLILTTEAVV
giyp 077851 G-———————————- VGYNAATGEWVN-MIDKGIVDPTKVTRSALONAASVAAMFLTTEAVV
giNP 388484 G-———————————- VGEFNAATGEWVN-MIEKGIVDPTKVTRSALONAASVAAMFLTTEAVV
giyp 081854 G-———————————- VGEFNAATGEWVN-MLETGIVDPAKVTRSALONAASVAAMFLTTEAVV
giNP 782944 G-———————————- IGYDALNNEYVN-MIKAGIVDPTKVSRSALQNAASVASTFLTTEAAT
giYP 143537 NPR-———=————— YGEFNAATGEFVD-MVEAGIVDPAKVTRSALONAASIGALILTTEAVV

* . . * *

Figure 3.134: continued
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gixXP 956627 SARKAQPGVGV-—=———————————— SSGGGDE-——————————— 540
giEAW09861 SAKSAQQ-AGA——————————————— NMGGGEE———=———————~ 539
giBAE27111 SGHKKKGDDON-—————=———————— RQ-TGAPDAGQE-—————~— 545
giEDM00727 SGHKKKGDDON-—————=———————— RQ-TGAPDAGQE-—————~— 545
giCAT46192 SGHKKKGDDQS——————==———————— RQO-GGAPDAGQE-——-——-— 545
gipP50143 SGHKKKGEDHG-—————————————— RQPAAAPEAPQQAE-———-— 547
giAAM34653 SGHKKKGD--G-———=—=———————— EQTGGAPMEDRE-—————— 543
giXp 392814 SGSKKKKADNE=—==—==————————— PTPPAQVSEESMKD-———— 550
giAAN13716 SGSKKR-GGNE-—————————————— PTNPAAMAQGQE--————— 544
giNP 376188  AAGKK--SESK--=-=-==——=-==-—- GGESKSEEK-KEED--———~— 559
giAAY80050 SAGKK--SEGK-===========—~ TGEKKESEKGKEED-—-—--— 553
giNP_341830 AAGKKSGSEPS-————-—-——————-——— GKKEKDKEEKSSED-————~— 557
giCAA45326 AAGKKGGSEPG-——-———————-——— GKKEK--EEKSSED-————~— 552
giCAAO07096 ABRARR---EEK--=====—=-==—~ EEKEKEKKEEGEE-—-—--~— 572
giNP_148364  AARKE---——--—--——--——-——-- EEEKEEKRGGEEE------ 548
giAAL63957 AASKLE--—-K-—==——=——-———~ EKEEKKEEKKEEFD--—-—-— 549
gi024734 AAAPLKSGEKK-——-——————==—— GEKKEGGEEEKSSTPSSLE- 559
giBAB59649 ATKSSGSSSNP-———-—————————— PKSPSSESSSGED-—————— 544
gip48425 ATKSSSSSSNP-———-—————————— PKSGSS-SESSED-—————— 543
giYp_023973 ATKSSSSKSPS—————————————— PNPGEG---AGED-—-————— 541
giBAB60294 ASKKSTPPSNQ--===========— PGQGAGAPGGGMPEY-———— 549
giBAA33889 AAEKLSGGS=G-============~ GDMGDMGGMGGMGGMM-——— 544
giAAB99002 AAEKVKGDEKG-—-—-—=—=—=—=— GEGGDMG----- GDEF---- 542
giNP_275933  AAS--SSGSSE-----——------- EGMEEMGGMGGMPPM-———— 538
gipP50016 AARELSKEE-———=—=——————————— EEEEEEGG----SSEF---- 545
giNP 070280 AAKGLEKEKGG=-=—==—==———————— GGEGGMPEMPEF———————— 545
gi1028045 AAKGLEKEKGP-————————————— EGESGGEEDSEE———————— 545
giBAA29085 AASKLEKEKE-——==-——=——-————— GEKGGG-SEEFSGSSDLD- 549
giNP_125709  AAQKLEKEKE-------=-=-—-=—-—- GEKGGGGSEDFSSSSDLD- 550
giAAL82098 AASKLEKEKEK--=-=========—~ EGEKGGG-SEDFS--SDLD- 549
giQ52500 AASKLEKDKE-———-——————————- GGKGGS--EDFG--SDLD- 546
gi024730 AASKLEKDKE-———-——————————- GGKGGS--EDFG--SDLD- 546
giAAP37564 AASKLEKEKE-——————————————— GGKGPG--EEET---EF-- 544
giNP_615060  ASTRAA-PG----—-—-—- PEEMGGMPPGMGGMPPGMGGMPPGMM 552
giNP_633403  ASTRAAGPS—-----—=--- PEEMGGMP-GMGGMP-GMGGMPPGMM 551
giAAZ70052 AS--—--- SS=————mm——— PAKVG----GPGATP---GGEMPEMM 543
giCAI48595 AAGDLAGGA-SDDDDDEDMPAGGGGMGGGMGG-MGGMGGGMGGMM 562
giYP 137342 AAGDLKGGQ-GDDDEDEGGPGGPGGAPGGMGGGMGGMGGGMGGMM 590
giQ9HN70 AAGDLAGGQVGDDDGDDGPAGGPGGMGGGMGG-MGGMGG-MGGAM 562
gi030561 AAGDLSGGQTGSDD-DDG-~-GAPGGMGGGMGG-MGGMGG-MGGAM 560
giYP_001689883SAGDLSTDK-GDDD-—~~~-~ GGAGGMGGGMGG-~--GMGGMM~~--~ 556
giNP 495722 KLDKQEPLGGD======—=—————=———— DCHA=m———mm e e 549
giNP:736462 ANKPEPEAPT-——————————————— APAMDPSM--MGGF-———~— 540
giNP 608082 ANKPEPAAPAPA-———————————~— MPAGMDPGM~--MGGF—-——-— 543
giNP 816272 ADKPEPAAPA-———————————————— PMMDPSMG-MGGMM-—--— 541
giNP 266550 ANKPEPAAPA-——————————————— MPPMDPSMG-MGGMM—-——— 542
giYP 077851  ADKPEENKGGAG---=---=====- MPDMG--GMGGMGGMM-—-—~ 544
giNP_ 388484  ADKPEENGGGAG-------=====- MPDMG--GMGGMGGMM-—-—~ 544
giYP_081854  ADKPEPN--APA---————--=--—- MPDMGGMGMGGMGGMM--—— 544
giNP 782944 ADIPEKNDTP-—-———————————————— MPGAPGMMDGMY---— 543
giYP 143537 AEKPEKKESTP-————————————————— ASAGAGDMDF—————~— 543

Figure 3.134

[giXP_956627: source organism= Neurospora crassa OR74A, product= t-complex
protein 1 subunit gamma, length= 540 aa;

giEAW09861: source organism= Aspergillus clavatus NRRL 1, product=t-complex
protein 1, gamma subunit, putative, length= 539 aa;

giBAE27111: source organism= Mus musculus, name= unnamed protein product, lenght=
545 aa;
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giEDMO00727: source organism= Rattus norvegicus, product= chaperonin subunit 3
(gamma), length= 545 aa;

giCAI46192: source organism= Homo sapiens, product= hypothetical protein (note="T-
complex protein 1, gamma subunit), length= 545 aa;

giP50143: source organism=Xenopus laevis, product= t-complex protein 1 subunit
gamma, length= 547 aa;

giAAM34653: organism= Danio rerio, product= chaperonin-containing TCP-1 complex
gamma chain, length= 543 aa;

giXP_392814: source organism= Apis mellifera, product= similar to T-complex protein 1
subunit gamma (TCP-1-gamma) (CCT-gamma), length= 550 aa; giAAN13716:
organism= Drosophila melanogaster product= CG8977-PB, isoform B gene= Cctgamma
(name= CG8977 gene product from transcript CG8977-RB), length= 544 aa;
giNP_376188: source organism= Sulfolobus tokodaii str. 7, product= thermosome, beta
subunit, length= 559 aa;

giAAY80050: source organism= Sulfolobus acidocaldarius DSM 639, product=
thermosome beta subunit, length= 553 aa;

giNP_341830: organism= Sulfolobus solfataricus P2, product= thermosome subunit beta,
length= 557 aa;

giCAA45326: source organism= Sulfolobus shibatae, product= thermophilic factor 55,
length= 552 aa;

giCAA07096: source organism= Pyrodictium occultum, product= ThsB, length= 572 aa;
giNP_148364: source organism= Aeropyrum pernix K1, product= thermosome beta
subunit, length= 548 aa;

giAAL63957: source organism= Pyrobaculum aerophilum str. IM2, product= thermosome
(chaperonin) alpha subunit, length= 549 aa;

gi024734: source organism= Sulfolobus tokodaii, product= thermosome subunit alpha,
length= 559 aa;

giBAB59649: source organism= Thermoplasma volcanium GSS1, product= archaeal
chaperonin [group II], length= 544 aa;

giP48425: organism= Thermoplasma acidophilum, product= thermosome subunit beta,
legth= 543 aa;

giYP_023973: source organism= Picrophilus torridus DSM 9790, product= thermosome
subunit, length= 541 aa;

giBAB60294 organism= Thermoplasma volcanium GSS1, product= archaeal chaperonin
[group II], length= 549 aa;

giBAA33889: source organism= Methanothermococcus thermolithotrophicus DSM 2095,
product= chaperonin, length= 544 aa;

giAAB99002: source organism= Methanocaldococcus jannaschii DSM 2661, product=
thermosome (ths), length= 542 aa;

giNP_275933: source organism= Methanothermobacter thermautotrophicus str.Delta H,
product= chaperonin, length= 538 aa;

giP50016: source organism= Methanopyrus kandleri, product= thermosome subunit,
length= 545 aa;

giNP_070280: source organism= Archaeoglobus fulgidus DSM 4304, product=
thermosome, subunit beta (thsB), length= 545 aa;

gi028045: source organism=Archaeoglobus fulgidus , product=thermosome subunit
alpha, length= 545 aa;
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giBAA29085: source organism= Pyrococcus horikoshii OT3, product= 549aa long
hypothetical thermophilic factor (motif=chaperonins TCP-1 signatures), length= 549 aa;
giNP_125709: source organism= Pyrococcus abyssi GES5, product= thermosome, subunit
alpha, length= 550 aa;

giAAL82098: source organism= Pyrococcus furiosus DSM 3638 product= thermosome,
single subunit, length= 549 aa;

giQ52500: source organism= Thermococcus kodakarensis KOD1, product=thermosome
subunit beta, length= 546 aa;

g1024730: source organism= Thermococcus sp. KS-1, product= thermosome subunit beta,
length= 546 aa;

giAAP37564: source organism= Thermococcus litoralis, product= thermosome alpha
subunit, length= 544 aa;

giNP_615060: source organism= Methanosarcina acetivorans C2A, product= Hsp60,
length= 552 aa;

giNP_633403: source organism= Methanosarcina mazei Gol, product= thermosome,
alpha subunit, length= 551 aa;

giAAZ70052: source organism= Methanosarcina barkeri str. Fusaro, product= Hsp60,
length= 543 aa;

giCAI48595: source organism= Natronomonas pharaonis DSM 2160, product=
thermosome subunit 1 (alpha subunit), length= 562 aa;

giYP 137342: source organism= Haloarcula marismortui ATCC 43049, product=
thermosome alpha subunit, length= 590 aa;

giQIHN70: source organism= Halobacterium salinarum, product= thermosome subunit
alpha, length= 562 aa;

gi030561: source organism= Haloferax volcanii, product= thermosome subunit 1, length=
560 aa;

giYP_001689883: source organism= Halobacterium salinarum R1, product= thermosome
subunit 2, length= 556 aa;

giNP_495722: source organism= Caenorhabditis elegans, product= chaperonin containing
TCP-1 family member (cct-1), length= 549 aa;

giNP_736462: source organism= Streptococcus agalactiae NEM316, product=
chaperonin GroEL, length= 540 aa;

giNP_608082: source organism= Streptococcus pyogenes MGAS8232, product=
chaperonin GroEL, length= 543 aa;

giNP_816272: source organism= Enterococcus faecalis V583, product= chaperonin, 60
kDa, length= 541 aa;

giNP_266550: source organism= Lactococcus lactis subsp. lactis 111403, product=
chaperonin GroEL, length= 542 aa;

giYP _077851: source organism= Bacillus licheniformis ATCC 14580, product=
chaperonin GroEL, length= 544 aa;

giNP_388484: source organism= Bacillus subtilis subsp. subtilis str. 168, product=
chaperonin GroEL, length= 544 aa;

giYP_081854: organism= Bacillus cereus E33L, product= chaperonin GroEL, length=
544 aa;

giNP_782944: source organism= Clostridium tetani E88, product= chaperonin GroEL,
length= 543 aa;

giYP 143537 source organism= Thermus thermophilus HB8, product= chaperonin
GroEL, length= 543 aa.]
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giTvolcaniumBeta: 0.03357
giTacidophilumBeta: 0.02904
giPtorridusThsSubunit: 0.11428

giTvolcaniumAlpha: 0.19387
giStokodaiiBeta: 0.04376
giSacidocaldariusBeta: 0.05208
giSsolfataricusBeta: 0.01327
giSshibataeTF55: 0.01209

giPoccultumThsB: 0.16900
gikpernixBeta: 0.16821
giPaerophilum: 0.18906
giStoKodaiiAlpha: 0.25064
gilcrassaTCP1gamma: 0.08451
giaclavatusTCP 1gamma: 0.07876
———giDrerioTCP1gamma: 0.08033

— giXlaevisTC1gamma: 0.06573
giMmusculusChaperoninGamma: 0.00799
— giRnorvegicusChaperoninGamma: 0.00853

giHsapiensTCP1gamma: 0.01291
— giAmelliferaTCP1gamma: 0.10843
giDmel terCCTgamma: 0.12318
giCelegansTCP1member: 0.33053
giLlactisGroEL: 0.09440
giSagalactiaeGroEL: 0.04587
giSpyogenesGroEL: 0.04857
giEfaecalisChaperoninG0kD: 0.09437
giBlicheniformisGroEL: 0.02337
giBsubtilisGroEL: 0.02074
giBcereusGroEL: 0.06525
giCtetaniGroEL: 0.16429
giTthermophilusGroEL: 0.18531

gt

giHvolcaniiThsSubunit1: 0.09735

giHsalinarumThsSubunit2: 0.25447
giAfulgidusBeta: 0.11758

gisfulgidusalpha: 0.12462

— giTlitoralisAlpha: 0.05411
giPhorikoshiiTF: 0.01427
giPabyssiAlpha: 0.01487
giPfuriosusThsSSubunit: 0.03385
giTkodakarensisBeta: 0.00055
giTspKS1Beta: 0.00128

giMkandleriThsSubunit: 0.13703
giktthermolithotrophicusChp: 0.11687
gifj hiiThs: 0.09715
giktthermawutotrophicusChp: 0.14071

Figure 3.135: Phylogenetic tree constructed by clustal type multiple sequence

giMbarkeriHsp60: 0.15730
giMacetivoransHsp6: 0.03433
giMmazeialpha: 0.02919
giNpt isAlpha: 0.09187
giHmarismortuiAlpha: 0.09140
il linarumalpha: 0.10444

alignments of amino acid sequence of 7. volcanium Hsp60 B subunit protein with

several eukaryal, archaeal and bacterial Hsp60 proteins.
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3.4.4 Sequence Alignments of 7. volcanium Hsp60 [ Subunit With Several
Archaeal Hsp60 Proteins

Multiple sequence alignments of amino acid sequence of 7. volcanium Hsp60 3
subunit protein with several archaeal Hsp60 proteins were performed by using
Clustal W 1.83 as described in 2.6 Section (Figure 3.136). The archaeal Hsp60
subunit proteins are the same proteins used in 3.4.3 Section. Scores of this
alignment is given in Table 3.11 Hsp60 subunit proteins used in multiple sequence
alignment are abbreviated in score table and phylogenetic tree in order to make
evaluation easier (Table 3.11 and Figure 3.137). Sequence identities were same as

mentioned in Section 3.4.2.

giBAB59649 @ —------mmmm e MIAGQ-PIFILKEGTKRESGKDAMKENIEAA 30
giP48425 - mmmmmmmm e MIAGQ-PIFILKEGTKRESGKDAMKENIEAA 30
giYP 023973  —------mmmmmmmmm o m o MIGGQ-PIFILKEGTKRESGRDAMQDNIEAA 30
giBAB60294  -—---—---—-mmmmmmmm e — MIRNMMTGQVPILVLKEGTQREQGKNAQRNNIEAA 35
giNP 376188  -—=——-——————-———- MLSAVEKMSTTATVATTPEGIPVIILKEGSSRTYGKEALRINIAAV 46
giAA§80050 ————————————————————— MSATATVATTPEGIPVIILKEGSSRTYGKEALRINIAAV 39
giNP 341830  ---=---=-—-——————--- MRKMATATVATTPEGIPVIILKEGSSRTYGKEALRANIAAV 41
giCAA45326 W —————————————————————— MATATVATTPEGIPVIILKEGSSRTYGKEALRANIAAV 38
giCAAQ07096 W —-——-—————————- MARGGTMSAPARAVIVEPTGVPVLILKEGTQRTYGREALRANIMIV 46
giNP 148364  ——--—-—-—-————————————- MAIQQQOPMTEPVGIPVIILKEGTQRSYGREALRANIMAV 39
giAAL63957  —--mm——mmmmmm—m——m———— MSQAVLTQIGGVPVLVLKEGTQRAFGKEALRLNIMIA 37
gi024734 = @ —mmmmmmmmmm e m— MANAPVLLLKEGTQRSSGRDALKNNILAA 29
giBAA33889 W —-m-m—mmmmmmmmm e MAANQPVVVLPENVKRFMGRDAQRMNILAG 30
giAAB99002 W —---—---mm— e mm—mm——m MAMAGAPIVVLPONVKRYVGRDAQRMNILAG 31
giNP 275933  —-------mmmmmmmm o MAQGQQPILVLPEGTSRYLGRDAQRMNILAG 31
giP50016 W —==m-mmmmmmm e MAMLAGDGRQVLILPEGYQRFVGRDAQRMNIMAA 34
giBAA29085 W ——--m-mmmmmm e MAQLAGQPILILPEGTQRYVGRDAQRMNILAA 32
giNP 125709  —-----------mmmmmmmmmm MAQLAGQPILILPEGTQRYVGRDAQRMNILAA 32
giAALB82098 W ——--—-mmmmmm MAQLAGQPILILPEGTQRYVGRDAQRMNILAA 32
giQ52500 @ —-mmmmmmmmm e MAQLAGQPVVILPEGTQRYVGRDAQRLNILAA 32
gi024730 o —mmmmmmmmm—mmm o MAQLAGQPVVILPEGTQRYVGRDAQRLNILAA 32
giAAP37564  —---—-mmmmmmmmmm——m—— e — MAQLAGQPILILPEGTQRYVGKDAQRLNILAA 32
giNP 070280  —====——-——-—m—mmmmm——m MATLOGQPVLILREGTQRTVGRDAQRMNIMAA 32
gi028045 W —-mmmmmmmmm MATLQGTPVLILKEGTQRTVGRDAQRMNIMAA 32
giNP 615060  —-—=-——----——--mmmm MAGQPIFILKEGSKRTRGRDAQSNNIMAA 29
giNP 633403  ——=———————-—————-m—m——m MAGQPIFILKEGSKRTRGRDAQSNNIMAA 29
giAAE70052 ——————————————————————————————— MAAQPIFILREGSKRTHGSDAQHNNIMAA 29
giCAI48595 W ——=—-—---—-—mmm e MAQOMGN-QPMIVLSEESQRTSGQDAQSMNITAG 33
giYP 137342 MACNRAIHRRSPWLLYRSTEFNHRLTMAQQOMGN-QPMIVLSEESQRTSGKDAQSMNITAG 59
giQ9HN70 W  ——mmmmmmmmmmm— e — MAQOMGN-QPLIVLSEDSQRTSGEDAQSMNITAG 33
gi030561 @ —mmmmmmmmmm MSQRMQOGQPMIILGEDSQRTSGQDAQSMNITAG 34
giypP 001689883 35

————————————————————————— MAQQQORMQGQPMIIMGDDAQRVKDRDAQEHNISAA

* .k *

Figure 3.136: Clustal type multiple sequence alignments of amino acid sequence

of T. volcanium Hsp60 B subunit protein with several archaeal Hsp60 proteins.
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giBAB59649
gipP48425
giYP 023973
giBAB60294
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAR07096
giNP_ 148364
giAAL63957
gi024734
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giBAA29085
giNP_ 125709
giAAL82098
91024730
giAAP37564
giNP_070280
91028045
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
giQ9HN70
91030561

#H##
IATSNSVRSSLGPRGMDKMLVDSLGDIVITNDGVT ILKEMDVEHPAAKMMVEVSKTQDSFE
IATSNSVRSSLGPRGMDKMLVDSLGDIVITNDGVT ILKEMDVEHPAAKMMVEVSKTQDSFE
KAIATSIRSTLGPRGMDKMLVDSLGDIVITNDGVTILKEMDIEHPAAKMMVEVSKTQDSY
KATIADAVRTTLGPKGMDKMLVDSIGDIIISNDGATILKEMDVEHPTAKMIVEVSKAQDTA
KAVEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOHPAAKLLVQIAKGQDEE
KAVEEALKTTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOHPAAKLLVQIAKGQDEE
KAIEEALKSTYGPRGMDKMLVDSLGDITITNDGATILDKMDLOHPTGKLLVQIAKGQDEE
KAIEEALKSTYGPRGMDKMEVDSLGDITITNDGATILDKMDLOHPTGKLLVQIAKGQDEE
RATIAETLRTTYGPKGMDKMLVDSLGDITITNDGATILDKMDVQHPTAKLVVQIAKGQDEE
RATAQILKTTYGPKGMDKMLVDSLGDITITNNGATILDKMDVAHPAAKMLVQISKGQEDE
RATIAEVMRTTLGPKGMDKMLIDSLGDITITNDGATILDEMDVQHPIAKLLVEISKSQEEE
VTLAEMLKSSLGPRGLDKMLIDSEFGDVTITNDGATIVKEME IQHPAAKLLVEAAKAQDAE
RIIGETVRSTLGPKGMDKMLVDDLGDIVVTNDGVTILKEMSVEHPAAKMLIEVAKTQEKE
RITAETVRTTLGPKGMDKMLVDELGDIVVTNDGVTILKEMSVEHPAAKMLIEVAKTQEKE
KILAETVRTTLGPKGMDKMLVDSLGDIVVTNDGVTILKEMDIEHPAAKMLVEVAKTQEDE
RVVAETVRTTLGPMGMDKMLVDEMGDVVVTNDGVTILEEMDIEHPAAKMVVEVAKTQEDE
RITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKE
RITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKE
RIVAETIRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKE
RITAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKE
RIVAETVRTTLGPKGMDKMLVDSLGDIVITNDGATILDEMDIQHPAAKMMVEVAKTQDKE
RVIAEAVRSTLGPKGMDKMLVDSLGDVVITNDGVTILKEIDVEHPAAKMI IEVAKTQDNE
RVIAEAVKSTLGPKGMDKMLVDSLGDVVITNDGVTILKEMDVEHPAAKMI IEVAKTQDNE
KAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPAAKMVVEVSKTQDEQ
KAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPAAKMVVEVSKTQDDE
KAVAEAVRTTLGPKGMDKMLVDSMGDVVITNDGATILKEMDIEHPGAKMIVEVAKTQDAE
KAVAESVRTTLGPKGMDKMLVDSTGNVVVTNDGVTILGEMDIEHPAANMIVEVAETQEEE
TAVAEAVRTTLGPKGMDKMLVDNSGSVVVTNDGVTILDEMDIEHPAANMIVEVAQTQEDE
KAVAESVRTTLGPKGMDKMLVDSSGEVVVTNDGVTILKEMDIEHPAANMIVEVAETQETE
KAVAEAVRTTLGPKGMDKMLVDSGGQVVVTNDGVTILKEMDIDHPAANMIVEVSETQEDE

giYP 001689883RAVADAVRSTLGPKGMDKMLVSSMGDVTVTNDGVTILQEMDIDNPTAEMIVEVAETQEDE
. .k . K.

giBAB59649
gipP48425
giYP 023973
giBAB60294
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAA07096
giNP_ 148364
giAAL63957
gi024734
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giBAA29085
giNP_125709
giAAL82098
91024730
giAAP37564
giNP_070280
91028045
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
g1iQ9HN70
91030561

Kk ke kk ke . Ko sakak Kke e st e

FHHEHH
V[GDGTTT|AVI IAGGLLQQAEAL INQNVHPTVISEGYRMASEEAKRI IDEISTKIGKDEKE
VGDGTTTAVIIAGGLLOQAQGLINONVHPTVISEGYRMASEEAKRVIDEISTKIGADEKA
VGDGTTTAVIIAGALLEQAQALVNONVHPTVITEGYRMADEYARKVLDEISIKINPDDKD
VGDGTTTAVVLSGELLKQAETLLDQGVHPTVISNGYRLAVNEARKI IDEISVKSTDDET -
TADGTKTAVILAGELVKKAEELLYKEIHPTIIVSGFKKAEEQALKT IEEIAQKVSVNDM—
TADGTKTAVIFSGELVKKAEELLYKEIHPTIIVSGYKKAEEMAIKT IEEI STKVSVNDT -
TADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQEIAQPVTINDT -
TADGTKTAVILAGELAKKAEDLLYKEIHPTIIVSGYKKAEEIALKTIQDIAQPVSINDT -
VGDGTKTAVILAGELLRVAEELLDKNVHPTI IVSGYKKAAEEATKKLQELAEPIDINND-
AGDGTKTTVIFAGELLKEAEKLLDINIHPTIIVEGYKEALRKASEVIESIAEPVSYDDV-
AGDGTTTAVVLAGALLEEAEKLLEKNIHPTVIVSGFKKALDVAAEHLRKVAI PVNRTDV -
VGDGTTSAVVLAGLLLDKADDLLDONIHPTIIIEGYKKALNKSLEI IDQLATKIDVSNLN
VGDGTTTAVVIAGELLRKAEELLDONVHPTIVIKGYQLAVQKAQEVLKEIAMDVKADDKE
VGDGTTTAVVIAGELLRKAEELLDONIHPSVIINGYEMARNKAVEELKSIAKEVKPEDTE
VGDGTTTAVIIAGELLKKAENLLEMEIHPTI IAMGYRQAAEKAQEILDDIAIDAS—-DRD
VGDGTTTAVVLAGELLHKAEDLLQQODIHPTVIARGYRMAVEKAEEI LEEIAEEIDPDDEE
AGDGTTTAVVIAGELLKKAEELLDONIHPSIIIKGYTLASQKAQEILDSIAKEVKPDDEE
AGDGTTTAVVIAGELLKKAEELLDONIHPSIVIKGYMLAAEKAQEILDSIAKEVKPDDEE
AGDGTTTAVVIAGELLRKAEELLDONIHPSIIIKGYTLAAQKAQEILENIAKEVKPDDEE
AGDGTTTAVVIAGELLRKAEELLDONIHPSIIIKGYALAAEKAQEILDEIAKDVDVEDRE
AGDGTTTAVVIAGELLRKAEELLNONIHPTIIVKGYTLAAEKAQEILESIAKDVSPMDEE
VGDGTTTAVVLAGELLKRAEELLDQEIHPAT IANGYRYAAEKALEILNEIAI PISKDDDE
VGDGTTTAVVLAGELLKKAEELLDQDIHPTVIARGYRMAANKAVEILESIAMDIDVEDEE
VGDGTTSAAVVAGELLKKAEDLIEQEIHPTI IASGYRLAAEKAVEVLNSLAMNVEMSNRE
VGDGTTSAAVVAGELLNKAEDLIEQEIHPTI IASGYRLAAEKATEVLNSLAMSVDMGNRD
VGDGTTTAAVLAGEFLTKAEDLLESGVHPTVIASGYRLAADQATKTIDTITISASPEDTE
VGDGTTSSVVIAGELLSQAEDLLEQDIHATILAQGYRQAAAEAKAALEEIATEVDEDDAD
VGDGTTTAVVMAGELLSKAEELLDODIHASILAQGYRQAAEKAKEI LEDNAIDVDADDTE
VGDGTTTSVVVSGELLSEAETLLEQDIHATTLAQGYRQAAEKAKELLDDAAIDVSADDTE
VGDGTTTAVINAGELLDQAEDLLDSDVHATT IAQGYRQAAEKAKEVLEDNAIEVTEDDRE

giYP 001689883AGDGTTTAVAIAGELLKNAEDLLERDIHPTAIIKGYNLAAEQAREEVDNVAVDVDPDDKD

Kok ke ek . ke K. ek e . * . * . .
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150
150
150
154
165
158
160
157
165
158
156
149
150
151
149
154
152
152
152
152
152
152
152
149
149
149
153
179
153
154
155



giBAB59649
gipP48425
giYP 023973
giBAB60294
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAR07096
giNP_ 148364
giAAL63957
91024734
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giBAA29085
giNP_125709
giAAL82098
91024730
giAAP37564
giNP_070280
91028045
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
giQ9HN70
91030561

giypP 001689883

giBAB59649
gipP48425
giYP 023973
giBAB60294
giNP_ 376188
giAAY80050
giNP_ 341830
giCAR45326
giCAR07096
giNP_ 148364
giAAL63957
gi024734
giBAA33889
giAAB99002
giNP_ 275933
giP50016
giBAA29085
giNP_ 125709
giAAL82098
91024730
giAAP37564
giNP_070280
91028045
giNP_615060
giNP_633403
giAAZ70052
giCAI48595
givYP 137342
g1iQ9HN70
91030561

—————— LLIKLAQTSLNSKSASVAK--DKLAEISYEAVKSVAE-LRDGKYYVDEDNIQVV
—————— LLLKMAQTSLNSKSASVAK--DKLAEISYEAVKSVAE-LRDGKYYVDEDNIQVV
—————— KLIKMAMTSLNSKSAGVFK--DKLAELSYQATIKATAE-ERDGKYYVDEDNLQOMV
——————— LRKIALTALSGKNTGLSN--TFLADLVVKAVNAVAE-ERDGKIIVDTANIKVD
————— DILKKVAMTSLNSKAVAGAR--EYLADIVAKAVTQVAE-LRGDRWYVDLDNIQIV
————— EILRKVALTSLSSKAVAGAR--EHLADIVVKAITQVAE-LRGDKWYVDLDNVQIV
————— DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDLDNVQIV
————— DVLRKVALTSLGSKAVAGAR--EYLADLVVKAVAQVAE-LRGDKWYVDLDNVQIV
————— EILKKIARTSLTSKAVHGAR--DYLAEIVVKAVKQVTE-KRGDKWYIDLDSIQITI
————— EKLKLIAKTSLNSKAVAEAR--DYFAELAVEAVRTVAE-RRGDRWYVDLNNIQIV
————— DTLRKIAMTSMGGKISETVK--EYFADLAVKAVLQVAE-ERNGKWYVDLDNIQIV
SLATRDQLKKIVYTTMSSKFIAGGEEMDKIMNMVIDAVSIVAEPLPEGGYNVPLDLIKID
—————— ILHKIAMTSITGKGAEKAK--EKLGEMIVEAVTAVVD-ES-G--KVDKDLIKIE
—————— MLKKIAMTSITGKGAEKAR--EQLAEIVVEAVRAVVD-EETG--KVDKDLIKVE
—————— TLMKVAMTAMTGKGTEKAR--EPLAELIVDAVKQVEE-DG----EVEKDHIKIE
—————— TLKKIAKTAMTGKGVEKAR--DYLAELVVKAVKQVAE-EEDGEIVIDTDHIKLE
—————— VLLKAAMTAITGKAAEEER--EYLAKLAVEAVKLVAE-EKDGKLKVDIDNIKLE
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KKQGGAIDDTALINGIIVDKEKVHPGMPDVVKNAKIALLDAPLEhKKPEFDTNLRIEDPﬂ
KKQGGAIDDTQLINGIIVDKEKVHPGMPDVVKDAKIALLDAPLEIKKPEFDTNLRIEDPS
KKQGGSVDETQLIDGIIIDKEKVHPGMPSTVENAKIALLDLALEVKKPEFDTNLQINDPR
KKSGGSINDTQFISGIVVDKEKVHSKMPDVVKDAKIALIDSALEIKKTEIEAKVQISDPS
KKHGGSINDTQIIYGIVVDKEVVHPGMPKRVENAKIALLDASLEVEKPELDAEIRINDPT
KKHGGSINDTQIVYGIIVDKEVVHPGMPKRVENAKIALLDASLEVEKPELDAEIRINDPT
KKHGGSVNDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELDAEIRINDPT
KKHGGSINDTQLVYGIVVDKEVVHPGMPKRIENAKIALLDASLEVEKPELDAEIRINDPT
KKHGGGLRDTQLVYGIVLDKEVVHPGMPKRVENAY IVLLDAPLEVEKPEIDAEIRISDPT
KKHGGSLRDTRLVRGIVLDKEVVHPDMPRRVENARIALLDTPLEIEKPEIDLEISITSPE
KKHGGSLLDTQLVYGIVVDKEVVHAAMPKRVVNAKIALLDAPLEVEKPEIDAEIRINDPT
KKKGGSIEDSMLVHGLVLDKEVVHPGMPRRVEKAKIAVLDAALEVEKPEISAKISITSPE
KKEGASVDETELINGVLIDKERVSPOMPKKIENAKIALLNCPIEVKETETDAEIRITDPT
KKEGAPIEETKLIRGVVIDKERVNPOMPKKVENAKIALLNCPIEVKETETDAEIRITDPA
KKEGAAVDDSTLVQGVIIDKERVHPGMPKKVENAKIALLNCPIEVKETEVDAEIRITDPS
KKEGGGLEDTELVKGMVIDKERVHPGMPRRVENAKIALLNCPIEVKETETDAEIRITDPE
KKEGGAVRDTRLIRGVVIDKEVVHPGMPKRIENAKIALINDALEVKETETDAEIRITSPE
KKEGGAVSDTKLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETDAEIRITSPE
KKEGGSVRDTQLIRGVVIDKEVVHPGMPKRVEKAKIALINDALEVKETETDAEIRITSPE
KKEGGSVKDTQLIKGVVIDKEVVHPGMPKRVEGAKIALINEALEVKETETDAEIRITSPE
KKEGGSVRDTQLIKGVVIDKERVHPGMPKKVENAKIALINEALEVKETETDAEIRITSPE
KRQGGSIEETELVDGIVLDKEVVHPGMPKRVENAKILLLDSALEVKETEIDAKIRITDPE
KRQGGSVADTKLVNGIVIDKEVVHPGMPKRVKNAKIAVLKAALEVKETETDAEIRITDPD
KKVGGRIEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNSAIELKDTEVDAEISITSPD
KKVGGKTEDSELIPGMIIDKERVHTNMPEKVKDAKIALLNTAIELKDTEVDAEISITSPD
KRPGGSIKDSEIVDGVIVDKERVHPAMPEVVENAKILLLSVPIELKKTETKAEIKITNPD
KVVGGAVDESELVEGVLVGKERVHDNMPALVEDADIALLDTPIEVKETEIDAEVNVTDPD
TVVGGATDESELVEGVIVDKERVHDNMPFAVEDADVALLDTAIEVPETELDTEVNVTDPD
KVTGGAIENSELIEGVIVDKERVSENMPYAVEDANIALVDDGLEVQETEIDTEVNVTDPD
KVVGGTIDNSELVEGVIVDKERVDENMPYAVEDANIAILDDALEVRETEIDAEVNVTDPD
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PKAVSVLVRGETEHVVDEMERSITDSLHVVASALEDGAYTAGGGATAAEIAVRLRSYAQK
PKAVSILVRGETEHVVDEMERSITDSLHVVASALEDGAYAAGGGATAAEIAFRLRSYAQK
PKAVSILIRGETDHVVDEIERSITDSLHVVAAAVEDAAYVTGGGSAAEEIAFRLRTYASK
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PKAVNILLRGSNDMALDEAERSINDALHSLRNVLMKPMIVAGGGAVETELALRLREYARS
PKAVTMLIRGTTEHVIEEVARAVDDAIGVVACTIEDGKIVAGGGAAEIELAMKLRDYAEG
PKAVTILARGSTEHVVEEVARAIDDAIGVVKCALEEGKIVAGGGATEIELAKRLRKFAES
PKAVTILVRGSTEHVVSEVERAIEDAIGVVAATVEDGKVVAGGGAPEIEIAKRLKDYADS
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AKAVTLILRGGTEHVVDEIERAIEDSLGVVQTTLEDGQVLPGGGAPEIALALALRDFADS
ARAVTMILRGGTEHVVDEVERAIEDSLGVVAATLEDGKVLPGGGAPETQLALGLRDHADS
AKSVTLILRGGTEHVVDEVERAIEDSLGVVRVTLEDGQVMPGGGAPETELAMQLRDFADS
AKSVTLILRGGTEHVVDELERAIEDSLGVVRTTLEDGKVLPGGGAPETELSLQLREFADS
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IGGROQQLATIEKFADAIEEVPRALAENAGLDPIDIILKLRAEHAKG-NKYAGVNVESGEIE
IGGROQQLATIEKFADAIEEIPRALAENAGLDPIDILLKLRAEHAKG-NKTYGINVEFTGEIE
VGGRQOLAIERFADALEEIPRALAENAGLDPIDILIKIRSEHAAG-HTKYGLNVFTGEVE
VGGREQLAIEAFAKALEIIPRTLAENAGIDPINTLIKLKSEHEKG-KISMGVDLDSNGAG
IGGKEQLATEAYASALENLVMILIENGGYDPIDLLVKLRSAHENEANKWYGINVETGQVE
VGGKEQLATIEAYANALESLVMILIENGGFDPIELLVKLRSAHENETNKWHGINVYTGQIQ
VGGKEQLATIEAYANATIEGLIMILAENAGLDPIDKLMQLRSLHENETNKWYGLNLFTGNPE
VGGKEQLATIEAYANATIEGLIMILAENAGLDPIDKLMQLRSLHENETNKWYGLNLFTGNPE
IGGKEQLAVEAFARALEGLPMALAENAGLDPVE IMMKLRAAHSKPDGKWYGINVENGNVE
LPGKTQLAVEAFARAVEALPQALAHNAGHDPIEVLVKLRSAHEKPENKWYGVDLDTGEIV
VGGREQYAVEAFARALEVIPKALAENAGLDPIDILTELTHKHEQTDGWKYGLDVYQGKVV
VGGKEQLATIEKFAEALEEIPMILAETAGMEPIQTLMDLRAKHAKG-LINAGVDVMNGKIA
VSGREQLAVRAFADALEVVPRTLAENAGLDATEMLVKLRAKHAEGNNAYYGLNVEFTGDVE
VAGREQLAVKAFADALEVIPRTLAENSGLDPIDMLVKLRAAHEKEGGEVYGLDVFEGEVV
ISGREQLAVSAFAEALEIVPKTLAENAGLDSIDVLVDLRAAHEES--TYMGIDVEDGKIV
VEGREQLAVEAFADALEIIPRTLAENSGLDPIDVLVQLRAKHEDGQ-VTAGIDVYDGDVK
VGGKEQLAIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHKEKG-QTIGIDVYEGEPA
VGGKEQLATIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHKEKG-PTIGIDVYEGEPA
VGGKEQLATIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHKEKG-PTIGVDVYEGEPA
VGGKEQLATIEAFAEALKVIPRTLAENAGLDPIETLVKVIAAHKEKG-PTIGVDVFEGEPA
VGGKEQLATIEAFADALKVIPRTLAENAGLDPVDVLVKVTAAHKDKG-ATIGVDVFAGEPA
LGGREQLAVEAFATALEITIPRTLAENAGLDPIDVLVELKAAHEKGQ-KYAGVDVDTGKVV
LGGREQLAAEAFASALEVIPRALAENSGLDPIDILVELRKAHEEGK-TTYGVDVESGEVA
LEGREQLAVKAYSEALEVIPRTLAENAGLDPIDMLMELRSQHEKGMK-TAGLDVYEGKVV
LEGREQLAVKAYSEALEVIPRTLAENAGLDPIDMLMELRSQHEKGMK-TAGLNVYEGKVV
LKGREQLAVMKFAESLEIIPSTLAENAGLDPIDMLVEMRSQHEKGNK-RAGLNVYTGKIE
VGGREQLAVEAFADAVDVIPRTLAENAGLDPIDSLVDLRSQHAEGDD-AAGLDAYTGDVI
VGGREQLAVEAFADAIDVIPRTLAENAGLDPIDSLVDLRSKHDGGAV-TSGLDAYTGEVV
VGGREQLAVEAFADALEVIPRTLAENAGHDPIDSLVDLRSQHDGGDT-EAGLDAYNGDVI
VGGREQLAVEAFAEALDIIPRTLAENAGLDPIDSLVDLRSRHDGGEF-AAGLDAYTGEVI
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Conserved sequences related to feature 1, feature 2 and feature 3 were indicated by

#, #, and # symbols on the multiple sequence alignments, respectively.

Phylogenetic tree has three branches: one of the branches includes thermosome
subunits of hyperthermophilic methanogenic archea in phylum Euryarchaeota, one
of the branches includes thermosome subunits of other hyperthermophilic archaea
(i.e. Thermococci) of the same phylum and the last one includes subclusters of
Thermoplasma, Sulfolobus, Methanosarcina and Halobacterium thermosome
subunits. Since Thermoplasma and Picrophilus thermosome subunit sequences
showed the highest sequence identity, they were all clustered together in the

phylogenetic tree (Figure 3.137).

giTvolcaniumBeta: 0.03380
giTacidophilumBeta: 0.02881
giPtorridusThsSubunit: 0.11410
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] ]_|: wiSacidocaldariusBeta: 0.05237
|: giSsolfataricusBeta: 0.01338
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giPaerophilum: 0.19048
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giPhorikoshiiTF: 0.01412
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giMkandleriThsSubunit: 0.13640
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Figure 3.137: Phylogenetic tree constructed by clustal type multiple sequence

alignments of amino acid sequence of 7. volcanium Hsp60 B subunit protein with

several archaeal Hsp60 proteins.
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3.5 Conserved Domain Search For 7. volcanium Hsp60 o and Hsp60 B

Subunit Proteins

Conserved domain search for 7. volcanium Hsp60 o and Hsp60 B subunit proteins
gives the schematic representation in Figure 3.138. Both subunit proteins belong to

the same clusters of orthologous groups (COG) classification class i.e., COG0459.

1 5 150 225 300 375 450 525 S5

Query sey, it
ATPMg binding site S L 1 L 'y ) Y
gomerisation interface b bk A & bk A L & _¥ A hid Lk ) ¥ i -3
stacking interactions A L Ak

Specific hits
Superfanilies chaperonin_like superfamily
Hulti-donains Grol

Figure 3.138: Schematic representation of conserved domains for 7. volcanium

Hsp60 o and Hsp60 B subunit proteins.

NCBI protein search showed that Hsp60 o and B subunit proteins are classified in
COGO0459 class called chaperonin GroEL (Hsp60 family). This COG class
includes 122 proteins with functional roles in post translational modification,

protein turnover and chaperoning.

The conserved domains shared by the proteins in this class are cpn 60, which is a
characteristic motif of cpn60 chaperonin family (archaeal ortholog, thermosome)
and GroL, which is the common motif of chaperonin GroEL (Hsp60 family). Sub-
family hierarchy of cpn60 family is shown in Figure 3.139. Cpn60 family
(cd03343) chaperonins are involved in productive folding of proteins. They share a
common general morphology, a double toroid of 2 stacked rings. Archaeal cpn60
(thermosome), together with TF55 from thermophilic bacteria and the eukaryotic
cytosol chaperonin (CTT), belong to the group II chaperonins. Cpn60 consists of
two stacked octameric rings, which are composed of one or two different subunits.

Their common function is to sequester nonnative proteins inside their central
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cavity and promote folding by using energy derived from ATP hydrolysis. There
are three structural motifs common to features cpn60 family are: ATP/Mg binding
site (Figure 3.140), ring oligomerisation interface (Figure 3.141) and stacking
interactions (Figure 3.142). Multiple sequence alignments which are derived from
NCBI Data Base demonstrating conserved sequences related to these three features

are given as Appendix D.

@ cd03333  chaperonin_like
—. cd00309  chaperonin_type_I_II
—cd03335  TCP1_alpha
H@) cd03336  TCP1_beta
—_)cd03337  TCP1l_ganna
— Jcd03338  TCPl_delta
) cd03339  TCPl_epsilon
—_)cd03340  TCPl_eta
—H_)cd03341  TCP1_theta
H_)cd03342  TCP1_zeta
) cd03344  GroEL

L@ cd03334  Fabl_TCP

Figure 3.139: Subfamily hierarchy for cpn60 family

Figure 3.140: 3-D Illustration for ATP/Mg Binding Site

Feature 1 for Cpn60 Chaperonin Family is ATP/Mg Binding Site.

207



Figure 3.141: Illustration for ring oligomerisation interface

Feature 2 for Cpn60 Chaperonin Family is ring oligomerisation interface.

Figure 3.142: Illustration for stacking interactions

Feature 3 for Cpn60 Chaperonin Family is stacking interactions.

Chaperonin-like superfamily: Chaperonins are involved in productive folding of

proteins. They share a common general morphology, a double toroid of 2 stacked

rings, each composed of 7-9 subunits. There are 2 main chaperonin groups.
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The symmetry of group I is seven-fold and they are found in eubacteria (GroEL)
and in organelles of eubacterial descent (hsp60 and RBP). The symmetry of group
II is eight- or nine-fold and they are found in archea (thermosome), thermophilic
bacteria (TF55) and in the eukaryotic cytosol (CTT). Their common function is to
sequester nonnative proteins inside their central cavity and promote folding by
using energy derived from ATP hydrolysis. This superfamily also contains related
domains from Fabl-like phosphatidylinositol 3-phosphate (PtdIns3P) 5-kinases

that only contain the intermediate and apical domains.

Chaperonin GroEL (HSP60 family) are chaperones that are involved in

posttranslational modification and protein turnover.
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CHAPTER 4

DISCUSSION

Molecular chaperones are essential proteins for organisms from the three
phylogenetic domains. They are essential components of a cell’s ability to respond
to environmental challenges (Ruepp, et al, 2001). Molecular chaperones are
comprised of several chaperone families. Among which chaperonins (Hsp60
protein family) are large ring assemblies that differ from other molecular
chaperones by providing nonnative proteins a sequestered cavity to fold in.
Chaperonins are required both in cellular activities and under stress conditions
(Spiess, et al, 2004). They have been shown to be induced under stress conditions
(Lund, et al, 2003, Phipps, et al, 1993, Emmerhoff, et al, 1998 and Rohlin, et al,

2005). They may contribute to thermotolerance of cells.

In this research, we have cloned and overexpressed Hsp60 subunit proteins of
thermoacidophilic archaeon Thermoplasma volcanium. In addition, changes in the
expression profiles of the subunit genes as a response to heat and oxidative stress
have been investigated by Real Time PCR. Archaea are more closely related to
eukaryotes than to bacteria (Yan, et al, 1997). Archaeal chaperones have a
considerably lower degree of complexity as compared to eukaryotic counterparts
(Ruepp, et al, 2001). In this view, serving as ideal model systems, studies on
archaeal chaperonins provide invaluable information to uncover the protein
folding mechanisms in eukaryotes and also the related evolutionary pathways

(Ruepp, et al, 2001).
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We have successfully cloned two genes encoding o and 3 subunit proteins of the
Hsp60 protein (thermosome) of 7. volcanium in E.coli as 1939 bp and 1920 bp
fragments, respectively. Open reading frame derived from the sequence
information of the cloned Hsp60 o and B subunit genes was same with the
sequence given in genome databases. Two genes, then subcloned to pUC18 vector
in order to construct a co-expression vector. We have achieved to express the
subunit genes from their own promoter. This finding is consistent with our
previous experience which showed that archaeal promoters are functional in E.
coli (Erduran and Kocabiyik, 1998). Recombinant 7. volcanium Hsp60 in the cell
free extract of the E. coli pUCI18-0/P 19 bearing co-expression vector, showed a
chaperone activity by refolding citrate synthase from pig heart at 50°C. We have
found out that the recovery of citrate synthase activity at 50°C in the presence of
the Thermoplasma volcanium thermosome was higher than that of spontaneous
refolding. Under this condition, citrate synthase activities associated with control
and test were AmA4;o/min:19.0 and AmAy4;»/min:24.0 respectively. This is a
promising result, since a chaperonin of archaeal origin could induce folding of a
eukaryotic protein, and might be of relevance chaperonotherapy and several
biotechnological applications (Walter and Buchner, 2002, Macario and Conway de
Macario, 2007). This study is the first report of cloning and expression of Hsp60
protein subunits from 7. volcanium. Our research on purification and folding
activity of recombinant 7. volcanium Hsp60 chaperonin using a number of model
substrates is still going on. There are several studies which report chaperone
activities of Hsp60 protein subunits from other archaea on different substrate
proteins. The chaperonin of S. solfataricus was reported to possess protein
refolding activity. Aggregation of the heat denatured chicken egg white lysozyme
(one 14.4-kDa chain), yeast a-glucosidase (one 68.5-kDa chain), chicken liver
malic enzyme (four 65-kDa subunits), and yeast alcohol dehydrogenase (four 37.5-

kDa subunits), was prevented in the presence of an equimolar amount of the
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chaperonin (Guagliardi et al., 1995). Nakamura, et al. (1997) reported the effect
of recombinant chaperonin from Sulfolobus sp. strain 7 on the refolding of the
chemically denatured lactate dehydrogenase (LDH). The recovery of LDH activity
was found significantly lower than that of spontaneous refolding in the presence of
the Sulfolobus chaperonin. Yoshida, et al (1997) reported the cloning and
sequencing of two genes coding chaperonin subunits from the hyperthermophilic
archaeum Thermococcus strain KS-1. The recombinant o and B subunits of
chaperonin assembled to generate homo-oligomeric double-ring complexes. This
complex was found induce spontaneous refolding of a chemically denatured
thermophilic isopropylmalate dehydrogenase (IPMDH) enzyme when ATP exists.
The yield of spontaneous refolding of the chemically denatured IPMDH was
nearly 16,7 % in this study. The yield of the refolding of IPMDH by assistance of
aggregate of the B subunit complexes was about 19,0 %. However, the recovery
ratio with assistance of the o subunit single complex was 3,6 % (Yoshida, et al,
1997). Prevention of thermal aggregation of the denatured rhodanese by the group
II chaperonin o from the aerobic hyperthermophilic crenarchacon Aeropyrum
pernix K1 (ApcpnA) was examined by Jang, et al. (2007). Yan et al. (1997)
reported that the recombinant chaperonin § subunit of Pyrococcus sp. strain KOD1
(CpkB) repressed the thermal denaturation and increased thermostability of
Saccharomyces cerevisiae alcohol dehydrogenase (Yan, et al, 1997). Three
recombinant complex species of Pyrococcus chaperonin, namely recombinant all-
o, recombinant all-3, and recombinant o3 slowed down the aggregation of citrate
synthase, alcohol dehydrogenase, and insulin. Therefore, it was concluded that the
recombinant protein complexes possess a chaperone-like activity, interacting with
non-native proteins. They exhibit this chaperone-like activity at temperatures
below the lower physiological limit of growth (Minuth, ef al, 1998). In our study,
we have determined the chaperone activity of thermosome from 7. volcanium at
50°C. This temperature is within the temperature range for growth of the organism

(33°C-67°C) (Segerer, et al, 1988). Recombinant CpkA was investigated for
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chaperonin functions in comparison with CpkB (B subunit). Results suggested that
both CpkA and CpkB, two subunits of the chaperonin from Pyrococcus
kodakaraensis KODI1, could assist protein folding in E. coli without requiring
energy from ATP hydrolysis (Izumi, ef al, 1999). Furutani et al. (1998) reported
that the recombinant Methanococcus thermolithotrophicus thermosome (the
MTTS) complex assisted the refolding of chemically denatured thermophilic
archaeal citrate synthase and glucose dehydrogenase at 50°C in an ATP-dependent
manner (Furutani, et al, 1998). The recombinant chaperonin from Methanococcus
maripaludis (Mm-cpn) was found to be fully functional and assisted refolding of
guanidinium-chloride-denatured rhodanese and it can prevent the aggregation of
citrate synthase in a nucleotide-dependent manner under physiological conditions
of 37°C. ATP binding is adequate to effect folding, but ATP hydrolysis is not
necessary (Kusmierczyk, et al. 2003). Bergeron et al. showed that recombinat
thermosome from Methanocaldococcus jannaschii is much more stable as

compared to GroEL from E.coli (Bergeron, et al., 2008).

We have shown that thermosome from 7. volcanium is a stress protein by showing
its induction under heat shock and oxidative stress conditions. Heat shock at 65°C,
70°C and 75°C induced growth of cultures after 2 hours of application. However,
heat shock application at 78°C caused retardation of cell growth. New cultures
initiated by the inocula from heat shocked cell culture at 75°C and that from
control culture showed nearly the same growth rates. However, the new culture
initiated by inoculation of fresh medium with 2h heat-shocked (at 78°C) culture of
T. volcanium did not grow. Induction of expressions of Hsp60 subunit proteins
were studied by using Real-Time PCR technique. Expression of Hsp60 o and
subunit genes were shown to be induced by heat shock applications at 65°C and
70°C in a time dependent manner. These results are consistent with the results
from the heat shock experiments on growth of cultures at the same temperatures.

Heat shock at 75°C for 2 hours did not induce expressions of both subunit genes.
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There are reports of induction of expressions of thermosome proteins under heat
shock conditions in other archaea (Shockley, et al, 2003, Rohlin, ef al, 2005,
Kagawa, et al, 2003 and Emmerhoff, et al, 1998). Shockley et al. performed heat
shock by shifting the temperature from 90°C to 105°C for 1 h. They showed
induction of genes by northern analyses in conjunction with a targeted cDNA
microarray. The effects of thermal stress on growth and the induction of known
and putative stress genes existing in P. furiosus was obvious. The genes which
encode the major Hsp60-like chaperonin (thermosome) in P. furiosus, the Hsp20-
like small heat shock protein and two other molecular chaperones (VAT)
belonging to the CDC48/p97 branch of the AAA" family were found to be
strongly induced (Shockley, et al, 2003). Rohlin et al. observed induction of genes
under heat shock condition by employing whole-genome microarrays for
Archaeoglobus fulgidus strain VC-16. Heat shock was applied by shifting
temperature from 78°C to 89°C for 60 min. Generally, the A. fulgidus genes that
were strongly induced at 5 minutes stayed induced for the 60 minutes duration of
the heat shock exposure. Of the 11 genes that were strongly induced at 5 minutes
(5- to 10-fold), 5 were previously explained as heat shock genes. Two were not
known to be induced by heat shock (AF1813 and AF1323), and four encode
hypothetical proteins (AF1298, AF0172, AF1526, and AF1835). Of the remaining
annotated HSPs in 4. fulgidus, genes for the HSP60s (thermosomes) and the genes
for the small heat shock protein (sHSP20) (AF1296 and AF1971) were also
monitored to be induced by heat (Rohlin, et al, 2005). The chaperonin complex
from Sulfolobus shibatae (also called as rosettasome or TF55) is made up of three
subunits. Kagawa, et a/ (2003) reported about rosettasome that alpha and beta gene
expression was induced by heat shock by using Northern blot analyses. Expression
of the gamma gene was reported to be undetectable at heat shock temperatures and
low at normal growth temperatures (Kagawa, et al/, 2003). Emmerhoff, et al.
(1998) reported that they cloned and sequenced the genes encoding two
chaperonin subunits (Cpn-a and Cpn-B), from Archaeoglobus fulgidus, a sulfate-
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reducing hyperthermophilic archaecon. The chaperonin genes seem to be induced
under heat shock, as both proteins accumulate following temperature shift-up as
shown by SDS-PAGE and western blot analysis. This observation indicates a role
for the chaperonin in thermoadaptation (Emmerhoft, et a/, 1998). In our study, two
subunit genes encoding thermosome protein of Thermoplasma volcanium were

found to be induced by heat shock.

Different concentrations of H,O, were added to 7. volcanium cultures at the time
of inoculation and concentrations > 0,025 mM were found to be toxic for the cell
growth. Growth of the culture, supplemented with 0,01 mM H,O, concentration,
was retarded about 48-72 hours and then there was a sharp increase in growth.
The same absorbance value was reached as the control. Culture supplemented with
0,005 mM H»O; concentration showed a slightly lower growth rate as compared to
the control culture. 0,01 mM H,O; concentration may be a threshold concentration
for 7. volcanium cells for toxicity. When different concentrations of H,O, were
added to 7. volcanium culture in mid-log phase in different experiments, growth
inhibition was observed in a concentration dependent manner. 0,02 mM and 0,03
mM concentrations of H,O, caused retardation of growth of cultures and 0,05 mM
concentration of H,O, was found to inhibit the growth. Induction of expressions of
Hsp60 o and B subunits of 7. volcanium were studied by using Real-Time PCR
technique. Expression of Hsp60 o subunit gene was induced by 0,008 mM H,0,
starting from the 60th minute of application. Addition of 0,01 mM H,O, to mid-
log culture increasingly induced expression of Hsp60 o subunit gene during first
90 minutes. Exposure of the mid-log phase cultures to 0,02 mM H,0, increasingly
induced expression of Hsp60a subunit gene during 2 hours. Addition of 0,03 mM
H,0; to mid-log culture did not induce expression of Hsp60 o subunit gene for the
first 30 minutes but induced transcription between 30th min and 90th min of the
H,0O; application. Oxidative stress imposed by 0,05 mM H,0O, application induced

expression of Hsp60 a subunit gene for the first 30 minutes.
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Exposure of mid-log culture to 0,008 mM H,O, did not induce expression of
Hsp60 B subunit gene during first 1 hour. Addition of 0,01 mM H,O; to mid-log
phase culture induced expression of Hsp60 [ subunit gene during first 90 minutes.
Oxidative stress generated by 0,02 mM H,O; did not induce expression of Hsp60
B subunit gene for first 30 minutes but induction was observed between 30th min
and 60th min of the application. Application of 0,02 mM H,O, did not induce
expression of Hsp60 3 subunit gene after 90th min. Addition of 0,03 mM H,0, did
not induce expression of Hsp60 B subunit gene for first 60 minutes but induction
was obvious at 90th min and 120th min of the H,O, application. H,O; at 0,05 mM
induced expression of Hsp60 3 subunit gene for the first 30 minutes. At 0,02 mM
and 0,03 mM concentrations, H,O, were found to cause retardation of growth of
cultures and at 0,05 mM concentration was found to inhibit the growth. As a
result, expression of 7. volcanium Hsp60 o and 3 subunit genes are induced in the
H,0, supplemented mid-log cultures, even at its toxic concentrations, as a stress
response. Mid-log cultures when supplemented with 0,02 mM and 0,03 mM H,0,,
induction of expression of subunit proteins starts 30 min or 60 min after H,O,
application. Our results show expression of Hsp60 a subunit gene is induced faster
than that of Hsp60 B subunit gene. Limauro, et al. reported that they grew the S.
solfataricus P2 strain until the early exponential phase and they set oxidative stress
by adding 0,05 mM H,0O,, 0,1 mM paraquat or 0,05 mM tert-butyl hydroperoxide.
Addition of these oxidant agents to the cultures although inhibited growth, did not
kill the cells (Limauro, et al, 2006). This result is consistent with our result from
the gene expression experiment under stress induced by 0,05 mM H,O..
Kawakami, et al (2004) reported that they cloned and expressed the gene encoding
a hyperthermostable peroxiredoxin from an anaerobic hyperthermophilic archacon
Pyrococcus horikoshii. Results of this study suggest that peroxiredoxin plays an
important role in the peroxide-scavenging system in an anaerobic archaeon P.
horikoshii (Kawakami, et al., 2004). Jeon and Ishikawa (2002) reported to identify

and characterize a thermostable thioredoxin system in the aerobic
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hyperthermophilic archacon 4eropyrum pernix. Authors suggest that results of the
study indicated a lower redox potential of thioredoxin is not necessary for keeping
catalytic disulfide bonds reduced and coping with oxidative stress in an aerobic
hyperthermophilic archaea (Jeon and Ishikawa, 2002). It is tempting to see
whether any orthologs of these stress genes play role in stress response in 7.

volcanium, as well. Our research on this subject stil is in progress.

Results of multiple sequence alignments of the Hsp60 and GroEL subunit proteins
were generally parallel with the systematic hierarchy of organisms. Interestingly,
the differentiation of archaeal thermosome subunits seems to have occurred fairly
recently in evolution and independently in most archaeal lineages. It is proposed
that some archaca may be on an evolutionary path leading to a similar subunit
complexity as seen in eukaryotes (Archibald ez al., 1999). A phylogenetic analysis
using all the available archaeal chaperonin sequences, suggests that the o and
chaperonin subunits from Archaeoglobus fulgidus are the results of late gene
duplications. High degree of homology between the Hsp60 o and B subunit
sequences (60% in T. volcanium, 75% in A. fulgidus, 50% in S. tokodaii, 52% in
H. salinarum) supports this notion (Table 3.12). These duplications might have
occured after the establishment of the main archaeal evolutionary lines

(Emmerhoft, et al, 1998).

Hsp60 o subunit protein of 7. volcanium (BAB60294) includes the highly
conserved, putative ATP binding site (97-GDGTTT-102) (Figure 3.130). Same
sequence (92-GDGTTT-97) was identified in the Hsp60 [ subunit protein
(BAB59649) sequence of T. volcanium (Andr, et al, 1996).

As suggested for o subunit of 7. acidophilum thermosome, 249-

IKKTEIEAKVQISDPSKIQDFLNQETSTF-277 sequence of Hsp60 o subunit
protein of 7. volcanium (BAB60294) may be responsible for helical protrusion
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(Figure 3.130). As suggested for B subunit of 7. acidophilum thermosome, 246-
IKKPEFDTNLRIEDPSMIQKFLAQEENML-274 sequence may be responsible
for helical protrusion of Hsp60 B subunit protein of 7. volcanium (BAB59649)
(Figure 3.134) (Klumpp, et al, 1997).

In conclusion, in this study we have cloned and expressed Hsp60 o and 3 subunit
genes of 7. volcanium in E.coli for the first time. Our results show that
recombinant 7. volcanium Hsp60 chaperonin promoted the refolding of the
chemically denatured citrate synthase from pig heart. Purification and biochemical
characterization of the recombinant Hsp60 is in progress in our laboratory. Also, in
this study, differential expressions of Hsp60 subunit genes under heat-shock and
oxidative stress were analyzed by Real time quantitative PCR. The results
indicated that both subunit genes are induced in a temperature and H,O,

concentration dependent manner.
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APPENDIX A

BUFFERS AND SOLUTIONS

TE Buffer pH: 8.0
B TTISHCT e aeee s 10 mM

TAE Buffer pH: 8.0
B TS ACETATE weeeeeeeeeee oottt e e e e e eeeee e aaeeeas 0.04 M
B DT A e 0.001 M

LB Medium (1 L) pH:7.4

B TIYPLONE ittt ettt e e en 10g
B Y EASE EXITACT .eeiieiiiiieeiiiie ettt et S5¢g

B ONAOH e e e 10g
10x FA Gel Buffer pH:7

B OMOPS e 200 mM
= Sodium acetate (NaCH3COO).........coevviiiiiiiiiiiinn 50 mM
B O R A 10 mM

1,2% FA Gel

B AZATOSE weeevvieeeeieeiieetieeeette et ee e e etaeeae e enteeette e et beenaeeennteeeaneens 0,48 g
m JOxFA gelbuffer........oooviiiiii 4 ml
®  RNase free Water.........ccovvuiiiiiiiiiiiiii e, to 40 ml
= Melt and cool to 65°C

»  37% Formaldehyde..............cooooiiiiiiii 720 pl
»  Ethidium bromide..............ooiiiiiii 5ul
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APPENDIX B

CLONING VECTORS
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Figure B.1: pDrive Cloning Vector (QIAGEN)
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Figure B.2: pUCI18 Cloning Vector (MBI Fermentas AB, Vilnius, Lithuania)
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APPENDIX C

MOLECULER SIZE MARKERS

Bp

21226
5148

4973
4268
3530

2027
1904
1584

1375

947
831

564

Figure C.1: EcoR[+HindIII cut Lambda DNA (MBI Fermentas AB, Vilnius,
Lithuania)
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Figure C.2: Gene Ruler, 1 kb DNA Ladder (MBI Fermentas AB, Vilnius,
Lithuania)
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APPENDIX D

MULTIPLE SEQUENCE ALIGNMENTS REGARDING THREE
STRUCTURAL MOTIFS COMMON TO FEATURES CPN60 FAMILY

Feature 1 HHEHE #

1AED A & ILVLEEGTOQREQGENAQRMNIEAAFATADAVET TLGPEGHDEMLVD . [£]. GDITTSNDGATILEEMD . [Z]  HF TAFMI
uery & ILVLEEGTOREQGENAQRMNIEAAFATADAVET TLGPEGHDEMLYVD . [2]. GDITTISNDGATILEEMD . [Z] _HF TAEMI
146E A & ILVLEEGTOREQGENAQRMNIEAAFATADAVET TLGPEGHDEMLYVD . [2]. GDITTISNDGATILEEMD . [Z] _HF TAEMI
lLED E 7 IFILEEGCTHREZCEDAMEENIEALTATENEVES LGP RCMDEMLYD . [Z]. CDIVITHDCVTILEEND . [Z] . HFALEIM
lALEE E 7 IFILEEGCTHREZCEDAMEENIEALTATENEVES LGP RCMDEMLYD . [Z]. CDIVITHDCVTILEEND . [Z] . HFALEIM
1038 H S TWILPECTOEYVERDAQRINILAARTTARTVET TLCPECHDEMLYVD . [£] . CDIVYTNDCATILDETID . [ 2] . HPALFIM
gi 15731047 EZ5 LIVLEEDEQRTECEDALQSMNITACEAVARESVETTLCPECGHMDEMLYD. [Z]. CEVWVTHDCGWTILEEMD . [2] . HPALNMI
gi 15887523 11 VLILPEGTQRFVGRDAQPMNIMALRVVAETVETTLGPMGMDFMLYVD . [Z]. CDVWVTHDGVTILEEMD . [2] . HPALEITY
gl 153153 2 IVVLPONVEIYVCIDAQRMNILACRITAETVRT TLEPEGHMDEMLYD . [2]. CDIVVTNDGVTILEEMS . [2]. HPLLFTIL
gl 2621833 2 ILVLPEGTEIVLCIDAQRMNILACKILAETVET TLEPEGHMDFMLYD . [2]. CDIVVTNDGVTILEEMD . [E] . HPLLFTIL
Feature 1 HHEFH #
1a6D A 8z VEVSEAQDTAVGDGTTTAVYLEGELLEQAETLLDOGYVHP TVISHGYELAVNEARETIIDETAEES | [Z] . DATLRETALTA
uery 82 VEVSEAQDTAVGDGTTTAVYLEGELLEQAETLLDOGVHE TVI SNGCTELAVNEARETIIDEISVES . [£] . DETLRETALTA
1AGE A 8z VEVSEAQDTAVGDGTTTAVYLEGELLEQAETLLDOGYVHP TVISHGYELAVNEARETIIDETAEES | [Z] . DATLRETALTA
1a6D B 81 VEVSETQDSFVGDETTTAVIIAGGLL]QAQGLINONYVHF TVISECTYPMASEEAKRYVIDEISTEL . [4] . KALLLEMAQTS
146E B 81 VEVSETQDSFVGDETTTAVIIAGGLL]QAQGLINONVHF TVISECTYPMASEEAKRYVIDEISTEL . [4] . KALLLEMAQTS
1038 H 83 VEVAET)DEEAGDGTTTAVYIAGELLEFARELLDONIHP S ITIKGYALAARFAQETLDETATEY . [4] . EETLLETLATS

gi 15751047 103 VEVAETQETEVGDGTTTESVWVECELLEEAETLLEQDIHATTLAQGYRQAARKAFELLDDALTLW . [4] . TETLEETAATAL
gi 19887529 85 VEVAETQEDEVGDGTTTAVVLAGELLHEAEDLLOQDIHPTVIAPGYRMAVEKAEEILEETAEET. [4] . EETLEEIAETAL
gi 1ES1eEED 22 IEVAETQEEEVCDGTTTAVVIACELLEFAEELLD QNIHP EVIINCTEMAINFAVEELESTAKEY. [4] . TEMLEEIAMTSE
gi ZEZ1883 22 VEVAETQEDEVCDGTTTAVIIACELLFFAENLLEMETHP TITANCTROQAAEFAQETILDD IATDA . [Z] . RD TLMEVAMTA

Feature 1 #

1Ael A 159 LE. [7].NDFLADLUVVEAVNAVA. [1Z]
uery 159 LS. [7] NTFLADLUWEAUNAVA. [1Z]
1AGE A 159 LS. [7] NDFLADLUWEAUVNAVA. [1Z]
1lacD B 160 IN. [7] . EDELAEISTEAVESVA. [1Z]
1AEE B 160 IN. [7] . EDELAEISTEAVESVA. [1Z]
1033 H 16& IT. [7].EELLAELAWEAVEQWVA. [1Z]

gi 15791047 182 MI. [7] EGUVLEDLVVRAVQSVA [ 2]
gi 19887529 164 MT. [7]. BDYLAELVVEAVEQVA [1Z2]

gi 1591659 161 IT. [7].REQLAETVWEAVPAWV. [10].
gi E6Z1883 155 MT. [7].REPLAELIVDAVEQVE. [ 2].

Figure D.1: Alignment for Feature

-HIEVDEFNG:.
-HIEVDEESE.
-HIEVDEENG.
-NIOWWEFQG.
-NIOWWEFQG.
-HIFFEEFA:.
- MUVEVEENTI=.
-HIFLEEEE:.

LIEVEEEEG:
HIFIEEFEG

[4] .DTQFI.
[4] .DTOFI.
[4] .DTOFI.
[4] .DTQOLT.
[4] .DTQOLT.
[4] .ESELV.
[4] .MZELTI.
[4] .DTELW.
- [4] _ETELI.
- [4] _DETLY.

[1].CIVIDFERVHSFIIDVVENARIALIDE
[1] . GIVWDFEEVHSEMIDVVEDARTIALTIDE
[1] . GIVIDFEEVHSFEMIDVWVENAEIALIDE
[1].GIIVDFEEVHF GHFDYVVEDARTALLDA
[1].GIIVDFEEVHF GHFDYVVEDARTALLDA
[1].GVWIDFEVVHP RMPERVENAEIALTINE
[1] . GVIVDEERVSENMITAVEDANIALYVDD
[1].GMVIDFERVHP GHMPREVENAEIALLHC
[1].GVVIDEERVNE QMPEEVENAEIALLIEC
[1].GVIIDFERVHE CHFEEVENAEIALLEC

1 (derived from NCBI Data Base).
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158
1t8
158
153
153
161
121
163
10
1t2

41
241
241
z24z
z24z
z244
ze0
246
z241
237



Feature 1
lAcD &
query
1AEE &
licr E

1A6E B

1038 H

gi 15731047
gi 13887523
gi 1E91EE3
gi EEZ1E883

Feature 1
1AED &
quary

1ASE &
1ielr B
1LEE E
1038 H

gi 15731047
gi 19887L523
gi 1581688
gi Z&zless

Feature 1
1AED A
query
1AEE &
1LeD E
1lALSE B
1038 H

gi 1E791047
i 19887523

gi 1531653
gi E&El883

Feature 1
1BED A
ey
1A6E A
1laelr E
1A8E E
1035 H

z4Z
Z4Z
z42
243
Z43
z45
ZE1
z47
zZ42
jascl=)

3le
2le
2le
317
217
219
335
2EL
2le
3le

jei=l]
229
3583
290
230
33
402
294
3583
22E

gi 15731047
gi 138875z9
gi 15316853
gi EGE1983

Figure D.1

ALET.[4].IEAFWQIE. [4]
ALEI.[4].IEAEVQIE. [4]
ALET.[4].IEAFWITE. [4]
DLEI.[4].FDTHNLRIE. [4]
PLET.[4].FDTHLEIE. [4]
ALEV.[4]. TDAEINTIT. [4]
GLEV.[4].IDTEVNVT. [4]
PIEV.[4].TDAEIRIT. [4]
DIEV.[4].TDAEIRTIT. [4]
DIEV.[4].VDAEIRIT. [4]

-INDFLMOQETNTFEOMUVEETHK. [1] . SCANVVLCQECIDDWAQHY LAKEGIVAVERUVEE
-INQDFLMQETSTFEENVERIR. [1] . SCANVVLCQEGIDDVAQHY LAKE GIVAVERVEER
-INDFLMOETNTFEOMUVEETE. [1] . SCANVVLCOECTIDDWAQHY LAKECTVAVRDUEE
- INEFLAQEEMMLEEMVDEIK. [1] . VGANVVITQECIDDMAQHY LS RACTVAVRDUVEE
-INEFLAQEEMMLEEMVDETHE. [1] . VGANVVITOQEGIDDMAQHY LS PAGTYAVERVEER
- LMEFLEQEEFMLETMVDHIL . [1] . TCANVVFVQEGCIDD LAOHYT LAY CTMAWRRVEE
-LONFLDQEEEQLEEMUVDALKE. [1] . AGINVVFADSCIDDMAOHY LAKECILAVERAKS
-LOAFIEEEERMLESEMVDETA. [1] . TGANVVFCOEGIDD LAQHY LAFKGILAVERVEER
- IMEFIEQEEEMIFDMUVEETA . [1] . TCANWVFCOECIDD LAQHY LAFFCILAVEDUEE
CMOAFIEQEEQMIDDMUNSIV. [1] . TGANVLFCOQEGIDD LAQHY LA AGUVLAVERVEE

EDMEFLAFATGARIV. [3].DDLTPEVWLGEAETVEERET . [3] . BMTFVHGCK. [2] KAWSILIRGGTDHVVSEVERAL
SDMEFLAFATGAKTIV. [3].DDLTPEVLGEAERVEERET . [2] . BMTFVTGCE. [2] KAWSTILIRGGTEHVVESEVERAL
SDMEFLAFATGAEIV. [3] . DPDLTPSVLGEAETVEERETI. [3] . BMTFVHGCE. [2] .KAWVSILIRGGTDHVVSEVERAL
EDMDELAFATGASIV. [3].DEISSEDLGTAERVEQWEY . [3] . YHTFVTGCK. [2] KAWSILWRGETEHVVD EMERST
EDMDELAFATCASTIV. [2] . DEISSEDLGTAERVEQWEY . [2] . YMTFVTGCK. [2] KAWSTILWVRGETEHVVDEMERET
SDMEFLAFATGAEIV. [3] . FDLTPEDLGYAEWVVEEREL. [3] .HMIFVEGCE. [2] .KAWVTILIRGGTEHVIDEVERAL
IDFTRLESPATGATEV. [3] . HDIEAADLGAAGEVAQFDT. [3] . ERIFVEDVE. [Z] .KEWTLILRGGTEHVVDEVERAT
SDMOFLARATCARIV. [3] . DDLEEEDLGEAEVVEEREY . [2] .FEMIFVEGCKE. [2] KAWTILIRGGTEHVVDEAEDAT
SDMEFLAFATGARIV. [3].DPDLTPEDLGEAGLVEEREY. [3] . AMIFVEQCKE. [2] .KAVTILARGSTEHVVEEVARAT
EDMEFLSFATGANIV. [3]. EDLEPEDLGEAGHVSERETI . [3] . EMIFVEECK. [2] KAWTILWRGSTEHVVSEVERAT

#
MDATRWWATTHED. [1]
MDAIRWWATTHED. [1]
MNDATRWWATTEED. [1]
TDELHVWASALED . [1]
TDELHVWASALED . [1]
EDAVEVWVEDVHED . [1]
EDELCVYRWTLED. [1]
EDATCUVVAALLED. [1]

¥#
CEFLWCCCAVEAELAMBLAKY . [£] . GREQLATEAFAFALEITPRTLAENACIDPINTLIELE
CEFLWGGCAVEAELAMEBLAKY . [£] . GREQLATEAFAFALEITPRTLAENAGIDPINTLIELE
EFLWGGCAVEAELAMELAKY . [5] . GREQLATEAFAFALEITPRTLAENAGIDPINTLIKLE
CATAACCCATARETAFRLOEY . [£] . GROQLATEEFADATEETPRALAENACLDPIDILLELR
CATAAGEGATAARTAFRLEESY . [E5] . GROQLATEKFALATERETPRALAEMAGLD PIDILLELR
CAVLPAGGAPETELATELDEY. [5] . GEEALATENFADALEITPETLAENAGLD TVEMLVEYI
CVHPCCCADETELAMOLEDF . [£] . GREQLAVEAFADALEVIDPRTLAENACHD PIDELVDLE
EVVAGCCADPEVEVARQLEDF . [£] . GREQLAVEAFADALEITPRTLAENSGLDPIDVLVOLE
CEIVAGGGATETELARELEEF . [5] . GREQLAVEAFADALEVIPRTLAENSGLD PIDMLVELE
CEVVAGCCADETETAERLEDY. [£] . GREQLAVEAFARALEIWIKTLAENACLD SIDVLVDLE

DDAIGVVECALEE. [1]

EDATGUWAATVED . [1]

465 D [7]_VWGVDL .
465 SE. [7].MGVDL.
465 AD. [7]1.VGVDL.
466 AE. [7].TGINV.
466 AE. [7].TGINV.
468 ZE. [7]1.IGIDWV.
454 SQ. [7]. AGLDA.
470 AK. [7].AGIDV.

455
451

A2 [8].YTELDY.
Ad . [8].HNEIDY.

88
[E] . GEMEAKGYV VD PLEVETHALESAVEVATMI LRIDDWIASE LEE
[E] . GEMEEEGVIDFVREVETHALESAVEVATMILRIDDWIASE LEE
[5] . GDMEAFGYV VD PLEVETHALESAVEVATMILEIDDWIASE S22
[5] . EDMVENGYVIEPIRYV G QATESATEARTMILEIDDWIATE 523
[5] . EDMVENGYVIEPIRYV G QATESATEARTMILEIDDWIATE 523
[5] . ADMLEKGIIEPLEVEEQATFSASEARTMILEIDDWIALY, 525
[£] . IDMESEGCIVEPLEVETQATESATERATHTILRIDDWIALL 541
[£] FOMLEEGVVEPLEVETQALASATERAEMTLRIDDWIAAR 527
[£] VDHLEEGVVEPLEVETQATDESATEASVHNLLRIDDWIALE 523
[5] . VDMEEAGVIEFHRVEEQAT QS AAERAENTLERIDDVIALS 517

236

21K
315
21K
21&
31&
21l=
334
3Z0
21K
211

358
jei=1=]
jei=1-]
353
229
391
407
292
jei=1-]
354

46
45
464
46K
46k
467
423
453
464
40



Feature Z
148D B
quary
1REE &

146D B

1ASE B

1038 H

ogi 15791047
gi 138587529
gi 1591853
ogi ZE21883

Feature £
laeD A
query

1A6E A
lieD B
lALZE B
1338 H

gi 15751047
gi 19887EzZ0
gi 1E316E3
gi FEF1883

Feature Z
1AED A
quary
1ALEE B
1A B

gi 15791047
gi 19887529

gi 1551653
gi 2621883

Feature Z
1AED A
query
1A6E_A
1asD B

1AGE E

1038 H

gi 15721047
gi 19887529
gi 1591659
gi EFEE1E83

Feature 2
1AeD A
quUery

lAGE A
1asl B
1a5E B
10358 H

ogi 15731047
gi 19227520
gi 1591659
gi 2621883

Feature 2
1AcD AL

1038 H
gi 15791047
gi 19887529
gi 1ES1EES
gi 2621883

Lo N N R R L ey )

Sz
gz
S
a1
=N
23
103
=1
22
Sz

152
1E2
1E2
le0
le0
1&z
12z
led
1&1
152

242
242
242
2473
243
245
Z6l
247
242
£33

2le
2l
2le
217
317
Zl3
ekl
2zl
2l
3l

z23
283
2839
220
280
392
40
z9d
283
285

88 ¥ ¥ % & %

ILVLEEGTQREQCGENAQEMNIEARFATADAVET TLEPEGHDEML VD
ILVLEEGTQREQGENAQIMNN I EARFATADAVET TLEPEGHDENLVI
ILVLEEGTQPEQCENAQEMNIEARFATADAVET TLEPECHDEMLUD
IFILEEGTEFESCED AMEENTIEART AT ENSVESSLEF RGMDEML VD |
IFILEEGTERESGEDAMEENTEALT AT ENEVESSLGE RGHDEMLVI
VUILPEGTQIYVCIDAQRINTILARRT TARTVET TLEPECHDEMLUT .
LIVLSEDSQRTECEDAQSMN I TAGEAVAESVET TLEPEGHDEMLVD
VLILPEGTQRFVGEDAQEMNTMARRVVAETVERT TLGPHGIDENLUD .
TVVLPONVERTVGEDAQEMN T LAGREITAETVET TLEPEGHDEML VD
ILVLPEGTEFYLGEDAQEMNILAGEILAETVET TLGPEGHDEMLVE

# # #

VEVSHAD TAVCD GTTTAVVLEGELLEQAETLLDQGVHP TVISNCTRLAVNEAPEIIDETARES . [2] .
VEVSHAID TAVGD GTTTAVVLEGELLEQAETLLDQGVHP TVISHGT RLAVNEAFKIIDETSVES . [2] .
VEVSHAQD TAVGD T TTAVYLEGELLEQAETLLDQGVHEP TVISHCT RLAVNELAFEIIDETAEES . [2] .
VEVEETQDEFVGDGT TTAVITAGELL)QAQGLINQNVHE TVISECTFMASEEAFRVIDETISTET . [4] .
VEVEETQDEFVCDCT T TAVITAGELL)QAQGLINQNVHE TVISECT FMASEEAFDVIDETISTEL . [4] .
VEVAKTODEEACD GTTTAVYIAGELLPFAEELLDQNIHPS ITIECTALAARKAQEILDETAIRY. [4] .
VEVAETOETEVGLGTTTEVWWEGELLEEAETLLEQDIHAT TLAQGT ROAARFAFELLDLAATDA . [4] .
VEVAKTOQEDEVCD GTTTAVVLAGELLHFEAED LLOQDIHP TVIARGT PMAVERAEEILEETAEET. [4] .
IEVAKTQEERVCD CTTTAVYIACELLPFAEELLDQNIHP SVI INCYEMADNEAVEELESTAKEY . [4] .
VEVAKTQEDEVGDGCTTTAVITAGEL LEFAENLLEMETHF TITAMCT ROALRFRAQEILDD TATIG . [2] .

HHEE # # #H
[£] . GDITISNDGATILEEND
[£].GDITISNDGATILEEND
[£] . CDITIENDGATILEEMD
[£]. GO IVITNDGYTILEEMD
[Z].GDIVITNDGYTILEEND
[£]. CDIVUTNDCATILDEID
[£]. GEVVVTNDGYTILEEND
[Z]. GDVVVTNDGYTILEEMD
[£]. GO IVVTNDGYTILEENS
[£].GLIVUTNDGYTILEEND

¥¥ ¥
S[E].
o (i=118
S[E].
-[2].
(]
S[E].
-[2].
(]
S[E].
5 [iE=118

¥ 8

HPTAFIT
HPTAFIT
HIPTAFII
HP LI
HP LRI
HILLFTII
HPLLNMT
HPLRFITV
HPLLFTL
HPALFTL

DATLPEIALTA
DETLFEIALTA
DATLPEILALTA
EALLLEMAQTSE
EALLLFMAQTE
EETLLEILATE
TETLEETLATA
EETLEEILETA
TEMLEETLMTE
PD TLMEVAMTA

81
21
21
=qu)
=qu)
22
10E
24
81
21

158
158
158
153
153
lel
lal
le2

158

L. [7]1.
LE.[71.
LE_[7].
IN.[7].
IN. [7].
IT.[7].
MT_[7].
MI.[71.
IT.[7].

#
HLFLADLVVEAVNAWA [1Z2] NIEVDEFNG. [4] . DTOFI.
HTFLADLVVEAVNAVA [12].NIEVDEESG. [4] .DTQFI.
NDFLADLUVEAVNAWA. [1Z] NIEWVDEFENG. [4] .DTQFI.
FDELAEISYEAVESWA [12] NIQWWEFQG. [4] . DTOLT.
FDELAEISYEAVEEVA. [12] .NIQWWEFQG. [4] .DTQLT.
EELLAFLAVEAVEQWA. [1Z] _NIFFEEFALC. [4] . ESELY.
2] . MVENEEVTE. [4] _N3ELI.
PDYLAELVVEAVEQVA. [12] .HIFLEFKFEG. [4] .DTELY.
REQLAETVVEAVRAWW. [10] . LIEWEEKE:. [4] .ETELI.

EGVLEDLUVEAVOSTAL, [

[1] . GIVIDEEEVHSFMPDVVENAETALILS
[1].GIVVDEEEVHSFFDVVEDAETIALID S
[1] . CIVIDEEEVHEFMIDVVENLETLLID S
[1] . GIIVDEEEVHP GHFDWVWEDAETALLDA
[1].GIIVDFEEVHP GHFDVWFDARTALLDA
[1] . CUVUVIDEEVVHE RMIEDVENLETALINE
[1] . GVIVDEEPVSENMFYAVEDLNTIALYVDD
[1]. AVIDFERVHP GHPERVENAETIALLHC
[1] . GVVIDEERVNF QMPEEVENLETALLNC

241
Z4l
Edl
Z4Z
Z4Z
Edd
Z60
Zde
Zd1l

MT.[7].

# HHEEEEES
ALET.[4].IEAEWV]IZ. [4].
ALET.[4].IEAEWV]IZ. [4].
ALET.[4].IEAEWV]IZ. [4].
PLEI.[4].FOTHNLRIE. [4].
PLEI.[4] . FDTHLRIE. [4].
ALEW. [4] . TDAETINIT. [4].
GLEV.[4].IDTEVNVT. [4].
PIEV.[4].TDAEIRIT. [4].
PIEV.[4].TDAEIRIT. [4].
PIEV.[4] _VDAEIRIT. [4].

#

SDMEFLAFATCAKIV.
SLMEELAFATGAETV.
SDMEELAFATCAKIV.

EDMDELAFATGASTVW

EDMEELAFATGARIV

REPLAELIVDAVEQVE. [

2] .HIFTEFEEG. [4] .DETLY. [1]

# EF EuF
INDFLHOETNTFEMMUVEETE. [1].
INDFLHOETSTFEEMVEETE. [1].
INDFLHOETNTFEMMUVEETE. [1].
IQKFLAQEENMLEEMUVDETE. [1]
IQKFLAQEENMLBEMUVDETIE. [1]
IMEFLEQEEEMLEDMUVDHIL [1].
LONFLDQEEEQLEEMUVDALE. [1]
LOAFIEEEERMLEEMVDETLA. [1].
IMEFIEQEEEMIEDMVEETA. [1].
MOAFIEQEEQMIBTMVMNETV. [1].

## #
[2].DDLTPSVLGEAETVEERKI. [2] . FITFVHGCE
[2] . DDLTPSVLGEAEEVEERKEI. [3] . BMTFVTGCE
[2].DDLTPEVLGEAETVEERKI. [2] . FITFVHGCE

- [2].DEISSSDLGTAERVEVENY . [2] YMTFVIGCE
SDMDELAFATCASTW.
EDMEELLFATCAKTIVW.
LDFTRLERATCATEW.
EDMOELAPATCARIV.
- [3].DDLTPELLGEAGLVEEREV. [3] . AMIFVEQCE
SDMEELSEATGANTW.

[3].DEISSSDLGTAERVEQVEN. [3] TMTFVIGCE
[2] . FDLTPEDLCYAEVVEERKL. [3] .MMIFVEGCE
[2] NDIEAADLCAACEVAQEDI. [3] . ERIFVELVE
[2].DDLEEEDLGEAEVVEEEKV. [2] .FHIFVEGCE

[2].EDLEPEDLGEACVWEEEHI. [3] . EMIFVEECE

SCANVVLCOEGIDDWAQHY LAKE GTYAVERVEE
SCANVVLCOEGIDDWAQHY LAKE GTYAVERVEE
SCANVVLCOEGIDDWAQHY LAKE GTYAVERVEE
- VGANVVITOEGIDDIMAQHT LA RAGTYAVERVEE
- WEANVVITQEGIDDMAQHY LE RAGTYAVERVEE
TCANVVFVQEGIDD LAOHT LAKY CTMAVERVEE
L ACANVVFAD S CIDDIMAQHY LAKE GILAVERAKS
TECANVWFCOEGIDD LADHY LARK GILAVERVEE
TECANVWFCOEGIDD LADHY LARK GILAVERVEE
TGANVLFCOEGIDD LAQH Y LAKA GVLAVERVEE

- GVIIDFERVHPGMPFEVENAKTALLNC 237

# # #

318
318
318
3le
Zle
zls
234
320
318
311

¥5 #
S[E2] FAVEILIRGGTDHVWSEVERAL
S[E2] FAVSILIRGGTEHVVSEVERAL
C[E2] FAVEILIRGGTDHVWEEVERAL
S[2] FAVSILWRGETEHVWD EMERET
C[E2] FAVSILWRCGETEHVWDEMERST
C[Z] FAVTILIPCGTEHVIDEVERAL
C[Z] EEVTLILPCGTEHVWDEVERAT
S[E2] FAVTILIRGGTEHVVDEAERAT
C[E2] FAVTILARGETEHVVEEVARAT
C[E2] FAVTILWRGSTEHVVSEVERAT

el
jet=ts)
el
a2
333
z31
407
292
jet=ts)
354

MDATRVVAITEED . [1] . KFLWCGGAVEAELAMELAEY .
MO AIRVVALTEED . [1] .FFLWGEGAVEAELAMRLAEY .
MDATEVVAITEED . [1] . FFLWGGGAVEAELAMELAEY .
TDELHVVASALED . [1] . AVAAGGGATAAETAFRLREY.
TLELHVVASALED  [1]  AVAAGGGATAAETAFRELEREY.
EDAVEVVEDVHED . [1]  AVLPAGGAPEIELATELDEY.
EDELCUVVEVTLED . [1] . QUMPCGGGAPETELAMQLEDF .
EDAICUVAAMLED . [1] EVVAGCGGAPEVEVARQLEDF .
DDAIGUVECALEE. [1] .FIVAGGGATEIELAERLTEF .
ELAIGUVAATVED . [1]  EVVAGGGAPEIETZKELEDY .

[E] . GREQLATEAFAKALEITPRTLAEMACIDPINTLIELE
[5] . GREQLAIEAFAFALEITPRTLAEMAGIDIINTLIELE
[5] . GREQLATEAFAKALEITPRTLAEMAGIDPINTLIELE
[5] . GROQLATEFKFADATEEIPPALAEMAGLDPIDILLELR
[5]  GROQLATEEFADATEEIPRALAEMAGLDPIDILLELE
[5]  GEEALATENFADALEITPETLAEMALGLD TVEMLVEWT
[E] . GREQLAVEAFADALEVIPRTLAEMALCHDPIDELVDLE
[5] . GREQLAVEAFADALEITPRTLAEMECLDPIDVLVQLE
[5] . GREQLAVEAFADALEVIPRTLAENSGLD PIDHLVELR
[5]  GREQLAVEAFAEALEIVPETLAEMAGLDSIDVIVDLE

Figure D.2: Alignment for Feature 2 (derived from NCBI Data Base).
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Feature 2 FESHEEE HE

lacl A 465 AD_ [T7].VGVDL. [E] . GDMEAEGVVD PLEVETHALESAVEVATMILRIDDVIASE LEz
uery 465 SE. [7].MGVDL. [E] . GOMSEEGVIDIVEVETHALESAVEVATMILRIDDVIASE LEz
1AEE A 465 AD_ [T7].VGVDL. [E] . GDMEAEGVVD PLEVETHALESAVEVATMILRIDDVIASE LEz
1AeD E 46 AR [7].YGINV. [&] . EDMVENGVIEPIBVGEQATESATEAATMILEIDDWIATE 523
1AcE B 466 AR [7].YGINV. [&] . EDMVENGVIEPIBVCGEQATESATEAATMILEIDDWIATE 523
1035 H 468 SE. [7].IGIDV. [E]  ADMLEEGIIEPLEVEEQATESASEAATMILRIDDVILRE SEL

gi 15731047 424 20 [7].AGLDA. [E] . IDMESEGCIVEPLEVETQATESATEAATMILEIDDVIAALG B4l
gi 198875E9 470 AK. [7].AGIDV. [E] .FDMLEEGVVEPLEVETQALASATEAAEMILEIDDWVIAAR 527
gi 1531653 465 A4 [8].YCGLDV. [E] . VDIMLEEGVVEPLEVETQAIDSATEASVHLLEIDDVIALE L5233
gi ZEELl882 46l AL [€].MCIDV. [E] . VDIMEEAGCVIEMHEVEEQAIQSAAEAAEMILEIDDWIAAS E17

.
Figure D.2

Feature 3

1A6D_A 8 ILVIEEGTOQREQCGKMAQENNIEAAFATATDAVET TLGPEGDEMLYD . [Z] . GRITISNDGATILEEMD . [2] . HP TAEIT
UEry 8 ILVIEEGTQREQGFMAQENNIEAAFATATAVRET TLGPERIDEMLYD . [£] . GDITISNDGATILEEMD . [2] . HP TAEIT
1AEE A 2 ILVLKECTOREQCEINAQINNIEAAATAD AV ET TLEPEGRMIMLYD . [£] . GDITIIENDCATILERD . [Z] . HPTAFIT
lheD E 7 IFILKECTFREZFDAMEENIEAATATANEVESSLEPRAMIMLYD . [£] . CDIVITNDGVTILEEMD . [2] . HPAAFTM
1AGE_EB 7 IFILEEGTERES FDAMEENIEAATATENSVRSSLGPRAMDEMLYD . [2] . GRIVITHNDGUTILEEMD . [2] HPAAEMM
1035 H 9 WUILFEGTORYWCEDAQRLNILAARTTAETVRET TLEFERDEMLYD . [£] . CDIVWINDCATILDETID . [£] . HRAAKMM
gi 18791047 E5 LIVLEEDEQRTECEDAQSMNITACKAVAESVRT TLCIEGDEILYD. (2] . GEVVWINDGVTILERD . [2] . HPAANMT
gi 19887529 11 VLILPEGYQRFWCEDAQRMNIMRARVWAETVET TLGPMGMDEMIVE . [2] . CDUVYWINDGUTILEEMD . [Z] . HFAAETW
gi 1591859 8 IVWLFQNVERTWCEDAQEMNILAGETITAETVRET TLEGPERIDEMLYD . [2] . GDIVYTNDGUTILEEMNS . [2] . HPAAFML
gl ZEE1833 2 ILVLPECTERYLCEDAQIMMNILACKILAETVETTLEPEGRMILYD . [£] . CDIVWINDGVTILERD . [Z] . HPALFIL
Fearure 3

1a6D_A 82 WEVESFAQD TAVGDGTT TAVYLSGELLEQAETLLDGVHPT VI SNGY FLAVNEARKTIDETAEES  [Z] .DATLEEIALTA
UEEY 2Z WEVEKAQD TAVCDGT T TAVVLECEL LEQAET LLD QG VHP TV I SNCYRLAVNEARKIIDETISVES . [2] .DETLEKIALTA
1A6E A& 82 WEVEFAQDTAVGDGTT TAVVLEGELLEQAETLLDOGVHPTWISHGY RLAVNEARETTDETAEES  [Z] . DATLRETALTA
laelr B 81 WEVEETQDSFVEDGTTTAVITAGGLLOQAQGLINQNVHPTVISEGYFMASEEAHPWIDETSTET . [4] . EALLLEMAQTS
1A6E_B 81 WEVEETQDSFVEDGTTTAVITAGGLLOQAQGLINQNVHPTVISEGYFMASEEAHPWIDETSTET . [4] . EALLLEMAQTS
1033 _H 23 VEVAKTQDFEAGDGTT TAVVIACELLPFAEELLDONIHPSIITKCYALAAEFAQETLDETATRY . [4] . EETLLETALTS

gi 15791047 103 WEVAETOETEVGDGTTTEVWVESGELLSEAETLLEQD THAT TLAQGY RQAAEFAKELLDDAATDW [4] . TETLEEIAATA
gi 198875259 85 WEVAKTQEDEVCDGTTTAVVLAGELIHKARDLLOUDITHPTWIARGYPMAVERKAEETLEETARET . [4] . EETLEETAKTA
gi 15916559 S IEVAETQEEEVGDGTTTAVVIAGELLREEAEELLDONIHPSWIINGYEMARNEAVEELESTAKEY . [4] . TEMLEEIAMTE

gl ZEZl833 2Z WEVAKTQEDEVCDGTTTAVIIACEL LEFARNLLEMEIHPTIIAMCYROAAEFAQEILDDIATDA . [2] . FD TLMEWAMTA
Fearure 3

lagh A 159 L. [7]  NDFLADLVWEAVHNAVA . [12] MNIEVDEENG. [4] _DTQFI. [1]. GIVIDEEEVHSFMPDUVENAFTALID S
UEery 155 L5 [7] . NTFLADLVVEAVHAVE . [1Z] NIEVDEESGE. [4] _DTQFI. [1]. GIWVVDEEEVHEFMPDVVEDAETALIDE
1AE & 159 L. [7]  NDFLADLVWEAVHNAVA . [12] MNIEVDEENG. [4] _DTQFI. [1]. GIVIDEEEVHSFMPDUVENAFTALID S
lael B 160 LW, [7] . EDELAEISTEAWESVA . [12] MNIQUVEEQG. [4] . DTQLI. [1]. GITVDEEEVHP GIPDUVVED AFTALLDA
1AEE B 160 LN. [7] . FIELAEISTEAVEEVA. [1Z] .NIQUVFEQG. [4]1.DTOLI. [1]. CIIVDEEEVHT CHIDUVEDAFTAL LIV
1035 H 16z IT. [7?].EELLAFLAVEAVEQVE. [1Z] NIEFEFEAG. [4]_ ESELV. [1]. GVWIDEEVVHF EMPERVENAETALINE

ogi 15791047 182 MT. [7] .EGVLEDLVVEAVOSVA . [ 2] NVEVEEVTG. [4] _N2ELI. [1]. GVIVDEEEVSZEMMPTAVED ANTALVDD
gi 128875259 164 MT. [7]. RDYLAELVVEAVEQVA. [12] .HIELEEKEG. [4] .DTELV. [1]. CHVIDEEIVHD IPRAVENARTALLNC
gi 1E691&E55 16l IT. [7].REQLAEIVWEAVEAYY. [10].LIEVEFKEG. [4].ETELI. [1]. CVWIDEEIVNT QMPFEVENAFTALLNC
gi 2621883 152 MT. [7].REPLAELIVDAVEQVE. [ 8] _HIEIEFEEG. [4] .DETLV. [1]. GVIIDEEERVHP GMPFEVENAFTALLNC

Figure D.3: Alignment for Feature 3 (derived from NCBI Data Base).
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Feature 2

1EE0 A £4Z ALEI. [4] . IEAENQIS. [4]  IQDFLNQETNTFEQMVEETIE. [1] . SCANUYLCOEGIDDVAQHYLAKEGIYAVERVEE 315
qUETT £4Z ALEI. [4] TELEVNQTIS. [4]  IQDFLNQETSTFEEMVEETIE. [1] . SCANUVLCOEGIDDVAQHYLAKECIYAVERVEE 315
1XEE_A E4Z ALEI. [4] . IELEVQIZ. [4] . IQDFLNQETNTFEQMVEEIE. [1] . SCANUVVLCQECIDDVAQHY LAKECIYAVERVEE 215
lieDh B Z42 PLEI. [4] .FDTHNLEIE. [4].IQEFLAQEENMLEEMVIETE. [1] . VCANUYITOREGIDDMAQHT LS RACIVAVERVEE 216
1RcE_B Z42 PLEI. [4] .FDTHNLEIE. [4].IQEFLAQEENMLEEMVIETE. [1] . VCANUYITOREGIDDMAQHT LS RACIVAVERVEE 216
10353_H £45 ALEV. [4)] TDAFINTT. [4] . LMSFLEQEEFMLEDMVIDHTA. [1] . TCANUVFVOEGIDDLAQHYLAKYCIMAVERVEE 3138

gi 158791047 26l GLEV. [4] IDTEVNVT. [4] . LONFLDQEEEQLEEMUDALE. [1] . AGANUVFADECIDDMAQHY LAKECILAVRERLE S 334
gi 198987529 247 PIEV. [4] .TDAEIRIT. [4].LQAFIEEEERMLEEMVIETA. [1] . TCANUYFCOEGIDDLAQHY LAFFGILAVERVEE 220
gi 1801659 zZ4Z PIEV. [4] .TDAEIRIT. [4].LHEFIEQEEFMIFDMVERIA. [1] . TGANVYFCOQEFIDDLAQHY LAFFGILAVERVER 215
gi 2621883 238 PIEV. [4] VDAEIRIT. [4] MOAFIEQEEQMIEDMUVNSIV. [1]. TGANVLFCQEGIDDLAQHYLAHAGVLAVERVEE 3211

Feature 2

1REl A 216& SDMEKLAFALTGLEIV. [2] . DDLTPEVLGEAETVEEREIL. [2] .BMTFVMGCE. [2] . EAVEILIRGCTIHVVEEVERLL 282
query 3le SDMEELAFATGAFIV. [2] .DDLTPSVLGEAEKVEERET. [2] .PMTFVTGCE. [2] . FAVSILIPGCTEHVVEEVERAL 382
146E A 316 SDMEELAEATGAFIV. [3] . DDLTREVLGEAETVEERET. [3] PMTFVMGCE. [Z] . HAVSTLIRGGTDHUVVEEVERAL 383
lpel B 317 SDMCELAFATGALEIV. [2] .DEIZSEDLGTAERVEQVEV. [2] .YMTFVTGCE. [2] . EAVEILVRGETEHVVDEMERET 283
1lREE B 317 SDMDELAFATGASIV. [3] .DEISSSDLGTAERVEQVEV. [2] YMNTFVTGCE. [2] . FAVSILVREGETEHVVDENMERSL 382
1lQ3s_H 319 SDMEELAFATGAFIV. [3] .FDLTPEDLGYAEVVEEREL. [2] NMIFVEGCE. [2].FAVIILIPGCTEHVIDEVERAL 351

gi 15791047 335 DLFTRLSPATGATPV. [3] . NDIEAADLGAAGSVAQEDLT. [3] . ERTFVEDVE. [Z] . ESVTLILEGGTEHVVDEVERAT 407
gi 15887525 321 SDMOKLARATGARIV. [3] .DDLSEEDLGEAEVWEEREW. [3] FMIFVEGCE. [2] . HAVIILIRGGTEHVVDEAERAT 333
gi 1591653 31& ESDMEKLAFATGARIV. [2] . DDLTPEDLGEACLVEERKY. [2] . AMIFVEQCK. [2] . KAVTILARGETEHVVEEVARAT 332
gi Z6Z1883 31Z EDMEKLSKATGANIV. [2] . EDLEPEDLGEAGVVEEEKI. [Z] .EMIFVEECK. [Z]. HAVTILVEGETEHVVEEVEDRAT 284

Feature 3 # # ¥ EF #

1AED A 352 NDAIRVVAITEED. [1].EFLWGGCAVEAELAMELAFTY . [5] . GREQLATEAFAHALETITPRTLARENAGIDPINTLIFLE 464
UErT 383 NDAIRVVAITEED. [1] . EFLWCCEAVEAELAMBLAKY . [E] . GREQLATEAFAKALEITPETLAENACID PINTLIELE 4&d
1REE_A 282 NDAIRVVAITEED. [1].EFLWGCCAVEAELAMELARTY . [E] . GREQLATEAFAFALETIIPRTLAENAGIDPINTLIELE 464
1AED E 390 TLEIHVVASALED. [1]. ATAAGGGATAAETAFELEEY. [5] . GROQLATEFFADATEEIPRALARNAGIDPIDILLELE 465
1ALEE E 390 TLEIHVVASALED. [1]. ATAAGGGATAAETAFELEEY. [5] . GROQLATEFFADATEEIPRALARNAGIDPIDILLELE 465
1035 H 392 EDAVEVVEDVMED. [1]. AVLPAGGAPETELATRLDEY. [5] . GHEALATENFADALETITPETLAEMAGLID TVEMLVEVT 467

gi 15791047 408 EDELCVVRVTLED. [1]. QUMPCCGAPETELAMOLEDF. [&5] . GREQLAVEAFADALEVIPRTLAENACHD PIDELVDLE 483
gi 19887525 394 EDAIGVVAAALED. [1].EKVVAGGGAPEVEVARQLPDE. [&] . GREQLAVEAFADALEITIPRTLAENS LD PIDVLVQLE 462
gi 1531653 353 DDATGUVVECALEE. [1] EIVAGGGATETELAKERLEKEF. [5] . GREQLAVEAFADALEVIPETLAENSGIDPITHMLVELR 464
gi 2621883 385 EDATIGUVVAATVED. [1]. EVVAGGGAPEIEIAKRLEDY. [5] . GREQLAVEAFAEALEIVPHTLAENACGIDSIDVLVDLE 460

Feature 3

lacDl & 465 AD . [7] _VGVWDL.[&] . GDMEAEGVVD PLEVETHALESAVEVATHMILEIDDVIASE S22
ASEY 4t SE. [P].MGVDL. [£] .CDHSEEGVIDPVEVETHALESAVEVATHILEIDDVIASE S22
1lLsE A 4eL AD . [7] . VEVDL. [&] . CDHEAEGVVD PLEVETHALESAVEVATHILEIDDVIASE SZ2
lashr B 456 AE_ [7] . YGINV. [&5] _EDMVENGVIEPIFVGHEQATESATELAATHMILEIDDVIATE 523
1A5E_E 456 AE_ [7] _YGINV.[&5] _EDMVENGVIEPIFVGHEOQATESATELAATHMILEIDDVIATE 523
1035 _H 458 SE. [7] . IGIDV.[E£] _ADMLEEGITEPLEVEEQATHEEASEAATMILEIDDVIALRE LZ5

gi 15791047 454 S0 [V] _AGLDA [S5] . IDMESEGIVEPLEVETOATESATEAATMILEIDDWIALLG 541
ogi 19837EZ9 470 AH_ [7] . AGCIDV_[E] KFDMLEEGCVVEPLEVETOQALASATEALEMILETITDDUWIALD EZ7
gi 1531553 455 LA [2] _FELDV.[E] VDMLEEGVVEPLEVETQATDSATELSVHMLLETDDVIALE S5E23
ogi Z&zZl1383 45l LA [&] _MGIDV.[&5] VDMEEAGVIEPHEVFEQATQSAAELAARMILEIDDVWIALS 517

Figure D.3

1A6D_A: Chain A, thermosome from 7. Acidophilum, length: 545 aa.

1A6E_A: Chain A, thermosome-Mg-Adp-Alf3 Complex, source: Thermoplasma
acidophilum, length: 545 aa.

1A6D B: Chain B, thermosome from 7. Acidophilum, length: 543 aa.

1A6E B: Chain B, thermosome-Mg-Adp-Alf3 complex, Source: Thermoplasma
acidophilum, length: 543 aa.

1Q3S _H: Chain H, crystal structure of the chaperonin from Thermococcus strain
Ks-1 (Formiii Crystal Complexed With Adp), length: 548 aa.

gi 15791047: CctA from Halobacterium sp. NRC-1, length: 581 aa.

gi 19887529: HSP60 family chaperonin from Methanopyrus kandleri AV19,
length: 545 aa.

gi 1591659: thermosome (ths) from Methanocaldococcus jannaschii DSM 2661,
length: 542 aa.

gi 2621883: chaperonin from Methanothermobacter thermautotrophicus str. Delta
H, length: 538 aa.
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