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ABSTRACT

A Tn7-like element was found in a region downstream of a cosmid (p818.1) isolated from a
genomic library of Thiobacillus ferrooxidans ATCC 33020. A probe made from the Tn7-like
element hybridized to restriction fragments of identical size from both cosmid p818.1 and
T ferrooxidans chromosomal DNA. The same probe hybridized to restricted chromosomal
DNA from two other T ferrooxidans strains (ATCC 23270 and 19859). There were no positive
signals when an attempt was made to hybridize the probe to chromosomal DNA from two
Thiobacillus thiooxidans strains (ATCC 19733 and DSMS504) and a Leprospirillum

ferrooxidans strain DSM 2705.

A 3.5 kb BamHI-BamH]I fragment was subcloned from p818.1 downstream the T ferrooxidans
unc operon and sequenced in both directions. One partial open reading frame (ORF1) and two
complete open reading frames (ORF2 and ORF3) were found. On the basis of high homology
to previously published sequences, ORF1 was found to be the C-terminus of the
T ferrooxidans gimU gene encoding the enzyme GlcNAc 1-P uridyltransferase (EC 1.7.7.23).
The ORF2 was identified as the T.ferrooxidans gimS gene encoding the amidotransferase,
glucosamine synthetase (EC 2.6.1.16). The third open reading frame (ORF3) was found to
have very good amino acid sequence homology to TnsA of transposon Tn7. Inverted repeats
very similar to the imperfect inverted repeat sequences of Tn7 were found upstream of ORF3.
The cloned T ferrooxidans glmS gene was successfully used to complement an E.coli gimS
mutant CGSC 5392 when placed behind a vector promoter, but was otherwise not expressed

in E.coli.


http:2.6.1.16
http:1.7.7.23

Subcloning and single strand sequencing of DNA fragments covering a region of about 7 kb
beyond the 3.5 kb BamHI-BamHI fragment were carried out and the sequences searched
against the GenBank and EMBL databases. Sequences homologous to the TnsBCD proteins
of Tn7 were found. The TnsD-like protein of the Tn7-like element (registered as Tn5468) was
found to be shuffled, truncated and rearranged. Homologous sequence to the TnsE and the
antibiotic resistance markers of Tn7 were not found. Instead, single strand sequencing of a
further 3.5 kb revealed sequences which suggested the T ferrooxidans spo operon had been
encountered. High amino acid sequence homology to two of the four genes of the spo operon
from E.coli and H.influenzae namely, spoT, encoding guanosine-3',5'-bis (diphosphate) 3'-
pyrophosphohydrolase, (EC 3.1.7.2) and recG encoding ATP-dependent DNA helicase, RecG
(EC 3.6.1.) was found. This suggests that Tn5468 is incomplete and appears to terminate with
the reshuffled TnsD-like protein. The orientation of the spoT and recG genes with respect to
each other was found to be different in T.ferrooxidans compared to those of E.coli and

H.influenzae.
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HAPTER ONE

INTRODUCTION

1.1. BIOLEACHING.

The elements iron and sulphur circulate in the biosphere through specific paths from the
environment to organism and back to the environment. Certain paths involve only
microorganisms and it is here that biological reactions of relevance in leaching of metals from
mineral ores occur (Sand et al., 1993; Liu et al., 1993). These organisms have evolved an
unusual mode of existence and it is known that their oxidative reactions have assisted
mankind over the centuries. Of major importance are the biological oxidation of iron,
elemental sulphur and mineral sulphides. Metals can be dissolved from insoluble minerals
directly by the metabolism of these microorganisms or indrectly by the products of their
metabolissn. Many metals may be leached from the corresponding sulphides and it is this

process that has been utilized in the commercial leaching operations using microorganisms

1.1.2 Organism-Substrate interaction.

Some microorganisms are capable of direct oxidative attack on mineral sulphides. Scanning
electron micrographs have revealed that numerous bacteria attach themselves to the surface
of sulphide minerals in solution when supplemented with nutrients (Benneth and Tributsch,
1978). Direct observation has indicated that bacteria dissolve a sulphide surface of the crystal
by means of cell contact (Buckley and Woods, 1987). Microbial cells have also been shown
to attach to metal hydroxides (Kennedy et al., 1976). Silverman (1967), concluded that at
least two roles were performed by the bacteria in the solubilization of minerals. One role

involved the ferric-ferrous cycle (indirect mechanism), whereas the other involved the physical



contact of the microrganism with the insoluble sulfide crystals and was independent of the
the ferric-ferrous cycle. Insoluble sulphide minerals can be degraded by microrganisms in the
absence of ferric iron under conditions that preclude any likely involvement of a ferrous-ferric
cycle (Lizama and Sackey, 1993). Although many aspects of the direct attack by bacteria on
mineral sulphides remain unknown, it is apparent that specific iron and sulphide oxidizers
must play a part (Mustin et al, 1993; Suzuki et al., 1994). Microbial involvement is
influenced by the chemical nature of both the aqueous and solid crystal phases (Mustin et al.,
1993). The extent of surface corrosion varies from crystal to crystal and is related to the

orientation of the mineral (Benneth and Tributsch, 1978; Claassen, 1993).

1.1.3. Leaching reactions.

Attachment of the leaching bacteria to surfaces of pyrite (FeS,) and chalcopyrite (CuFeS,) is
followed by the following reactions.
For pyrite :

FeS, + 31/20, + H,0 — FeSO, + H,SO,

2FeSO, + 1/20, (bacteria) — Fe(S0O,); + H,O
FeS, + Fe,(SO,); — 3FeSO, + 2S
28 + 30, + 2H,0 (bacteria) - 2H,S

For chalcopyrite:

2CuFeS§, + 1/20, + H,80, (bacteria) — 2CuSO, + Fe(SO,), + H,O

CuFeS, + 2Fe,(SO,); — CuSO, + 5FeSO, + 28



Although the catalytic role of bacteria in these reaction is generally accepted, surface
attachment is not obligatory for the leaching of pyrite or chalcopyrite; the presence of
sufficient numbers of bacteria in the solutions in juxtaposition to the reacting surface is

adequate to indirectly support the leaching process (Lungren and Silver, 1980)

1.1.4. Industrial application.

The ability of microorganisms to attack and dissolve mineral deposits and use certain reduced
sulphur compounds as energy sources has had a tremendous impact on their application in
industry. The greatest interest in bioleaching lies in the mining industries where microbial
processes have been developed to assist in the production of copper, uranium, and more
recently, gold from refractory ores. In the latter process, iron and sulphur-oxidizing
acidophilic bacteria are able to oxidize certain sulphidic ores containing encapsulated particles
of elemental gold. Pyrite and arsenopyrites are the prominent minerals in the refractory
sulphidic gold deposits which are readily bio-oxidized. This results in improved accessibility
of gold to complexation by leaching agents such as cyanide. Bio-oxidation of gold ores may
be a less costly and less polluting alternative to other oxidative pretreatments such as roasting
and pressure oxidation (Olson, 1994). In many places, rich surface ore deposits have been
exhausted and therefore bioleaching presents the only option for the extraction of gold from

the lower grade ores (Olson, 1994).

Aside from the mining industries, there is also considerable interest in using microorganisms
for biological desulphurization of coal (Andrews er al., 1991; Karavaiko er al., 1988). This
is due to the large sulphur content of some coals which cannot be burnt unless the

unacceptable levels of sulphur are released as sulphur dioxide. Recently, the use of



bioleaching has been proposed for the decontamination of solid wastes or solids (Couillard
& Mercier, 1992; van der Steen et al., 1992; Tichy et al.,, 1993). The most important
mesophiles involved are Thiobacillus ferrooxidans, Thiobacillus thiooxidans and

Leptospirillum ferrooxidans.

1.2. Thiobacillus ferrooxidans.

Much interest has been shown in Thiobaccillus ferrooxidans because of its use in the
industrial mineral processing and because of its unusual physiology. It is an autotrophic,
chemolithotropic, gram-negative bacterium that obtains its energy by oxidising Fe** to Fe*
or reduced sulphur compounds to sulphuric acid. It is acidophilic (pH 2.5-3.5) and strongly
aerobic with oxygen usually acting as the final electron acceptor. However under anaerobic
conditions, ferric iron can replace oxygen as electron acceptor for the oxidation of elemental
sulphur (Brock and Gustafson, 1976; Corbett and Ingledew, 1987). At pH 2, the free energy
change of the reaction:

S + 6Fe* + 4H,0 — H,S0, + 6Fe*™ + 6H*

is negative; AG = —314 kJ/mol (Brock and Gustafson, 1976). T. ferrooxidans is also capable
of fixing atmospheric nitrogen as most of the strains have genes for nitrogen fixation
(Pretorius ef al., 1986). The bacterium is ubiquitous in the environment and may be readily
isolated from soil samples collected from the vicinity of pyritic ore deposits or

from sites of acid mine drainage that are frequently associated with coal waste or mine

dumps.



Most isolates of T ferroxidans have remarkably modest nutritional requirements. Aeration of
acidified water is sufficient to support growth at the expense of pyrite. The pyrite provides
the energy source and trace elements; the air provides the carbon, nitrogen and acidified water
provides the growth environment. However, for very effective growth, certain nutrients, for
example ammonium sulfate (NH,),SO, and potassium hydrogen phosphate (K,HPO,) have to
be added to the medium. Some of the unique features of 7 ferrooxidans are its inherent
resistance to high concentrations of metallic and other ions and its adaptability when faced
with adverse growth conditions (Rawlings and Woods, 1991).

Since a major part of this study will concern a comparison of the genomes of T. ferrooxidans
and E.coli in the vicinity of the atp operon, the position and function of the genes in this

region of the E.coli chromosome will be reviewed.

1.3. REGION AROUND THE E.COLI UNC OPERON

1.3.1. Region immediately left of the unc operon.

The Escherichia coli unc operon, encoding the eight subunits of ATP synthase, is found near
min 83 in the 100 min linkage map close to the single origin of bidirectional DNA
replication, oriC (Bachmann, 1983). The region between oriC and unc is especially interesting
because of its proximity to the origin of replication (Walker et al., 1984). Earlier it had been
suggested that an outer membrane protein binding at or near the origin of replication might
be encoded in this region of the chromosome, or alternatively that the DNA segment to which
the outer membrane protein is thought to bind might lie between oriC and unc (Wolf-Waltz

& Norquist, 1979; Wolf-Watz and Masters, 1979). The phenotypic marker het (structural gene
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for DNA-binding protein) has been used for this region (Wolf-Waltz & Norquist, 1979). Two
DNA segments have been proposed to bind to the membrane protein; one overlaps oriC, the
other lies within unc operon (Wolf-Watz, 1984).

A second phenotypic trait gid (glucose-inhibited division) has also been associated with the
region between oriC and unc (Fig. la; Walker et al., 1984). This phenotype was designated
following construction of strains carrying a deletion of oriC and part of gid and with an
insertion of transposon Tnl0 in asnA. This oriC deletion strain can be maintained by
replication of an integrated F-plasmid (Walker e al., 1984). Various oriC minichromosomes
were integrated into the oriC deletion strain by homologous recombination and it was
observed that integrated minichromosomes carrying an intact gidA gene displayed a 30%
higher growth rate on glucose media compared with ones in which gidA was partly or
completely absent (von Meyenburg and Hansen, 1980). A protein of 70 kDa has been
associated with gidA (von Meyenburg and Hansen, 1980). Insertion of transposon Tnl0 in
gidA also influences expression of a 25 kDa protein, the gene for which maps between gidA
and unc. Therefore its been proposed that the 70 kDa and 25 kDa proteins are co-transcribed;
gidB has been used to designate the gene for the 25 kDa protein (von Meyenburg er al.,

1982).

Comparison of the region around oriC of B.subtilis and P. putida 10 E.coli revealed that, this
region has been conserved in the replication origin of the bacterial chromosomes of both
gram-positive and gram-negative eubacteria (Ogasawara and Yoshikawa, 1992). Detailed
analysis of this region of E.coli and B.subtilis showed this conserved region to be limited to

about nine genes covering a 10 kb fragment because of translocation and inversion event that



occured in E.coli chromosome (Ogasawara & Yoshikawa, 1992). This comparison also
indicated that translocation of oriC together with the gid and unc operons may have occured

during the evolution of the E.coli chromosome (Ogasawara & Yoshikawa, 1992).

1.3.2. The unc operon.

The ATP synthase (F F,-ATPase), a key enzyme in energy converting reactions, couples the
synthesis or hydrolysis of ATP to the translocation of protons (H") from across the the
membrane. It uses a protomotive force, generated across the membrane by electron flow to
drive the synthesis of ATP from ADP and inorganic phosphate (Mitchell, 1966). The enzyme
complex, which is present in procaryotic and eukaryotic organisms consists of a globular
domain F, and an intrinsic membrane domain F,, linked by a slender stalk about 45A long
(Fillingame, 1990). Each sector of FJF, is composed of multiple subunits in unusual
stoichiometric ratios, that is o,p;1,0,e, for F, and ab,c,, for F, of the E.coli enzyme
(Fillingame, 1992). These eight subunits of the E.coli F\F, complex are coded by the genes

of the unc operon (Walker et al., 1984).

1.3.2.1. F, subunit.

The three subunits of F, part of the gene has molecular masses of 30.276, 17.265, and 82.88
kDa (Walker er al., 1984) and a stoichiometry of 1:2:10+1 (Foster and Fillingame, 1982;
Hermolin and Fillingame, 1989) respectively. Analyses of deletion mutants and reconstitution
experiments with subcomplexes of all the three subunits of F; clearly demonstrated that, the
presence of all the three subunits is indispensable for the formation of a complex active in

proton translocation and F, binding (Friedl et al., 1983; Schneider and Altendorf, 1985). For
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which are arranged in three units of subunit ¢ trimer or tetramers (Schneider and Altendorf,
1987, Fillingame 1992). Each unit is in close contact to a catalytic af pair of F, complex
(Fillingame, 1992). Due to a high sequence similariity of the proteolipids from FF, ATPases,
vacuolar H'-ATPases and gap junctions, a number of 12 copies of subunit ¢/F; must be
favoured by analogy to the stoichiometry of the proteolipids in the gap junctions as revealed

by electron microscopic analysis (Finbow et al., 1992; Holzenburg et al., 1993).

For the spatial arrangement of the three subunits in the F; complex, two different models have
been proposed. Cox et al. (1986), have suggested that the a,b, moiety is surrounded by a ring
of ¢ subunits. In the second model, a,b, moiety is located outside the subunit ¢ oligomer
interacting only with one side of this oligomeric structure (Hoppe and Sebald, 1986;
Schneider and Altendorf, 1987; Filliingame, 1992). However, Birkenhager ef al.

(1995), using transmission electron microscopy imaging (ESI) have proved that subunits a
and b are located outside the subunit ¢ oligomer (Hoppe and Sebald, 1986; Schneider and

Altendorf, 1987; Fillingame, 1992).

1.3.2.2. F, subunit.

The F, domain is an approximate sphere 90-100A in diameter and contains the catalytic
binding sites for the substrates ADP and inorganic phosphate (Abrahams et al., 1994). The
energy released by proton flux through F, is relayed to the catalytic sites in the F, domain,
probably by conformational changes through the stalk (Abrahams er al., 1994). About three
protons flow through the membrane per ATP synthesized; disruption of the stalk releases the

water soluble enzyme, F,-ATPase (Walker ez al., 1994). This F, sector is the catalytic part
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of the complex; there are three catalytic sites per molecule which have been localised to P
subunit whereas the function of nucleotides in the a-subunits which do not exchange during
catalysis is obscure (Vignais and Lunard, 1985).

According to the binding exchange mechanism of ATP synthesis (Cross et al., 1995), the
structures of the three catalytic sites are always different, but each passes through a cycle of
“open’, “loose’ and “tight' states. The mechanism suggests that F-ATPase is an inherent
asymmetric assembly, as clearly indicated by subunit stoichiometry, electron microscopy
(Boekemia et al., 1986 and Wilkens et al., 1994), and low resolution X-ray crystallography
(Abrahams et al., 1993). The structure of F, isolated from variety of sources has been studied
by using both biochemical and biophysical techniques (Amzel and Pedersen, 1983). Electron
microscopy has been particularly useful in defining the gross features of the protein complex
(Brink er al., 1988). Molecules of F, in negatively stained preparations are usually found in
one predominant orientation which shows a hexagonal arrangement of six equal-sized lobes
presumably representing the three o and three B subunits (Akey er al., 1983; Tiedge et al.,
1983; Tsuprun er al., 1984; Boekemia et al., 1988).

A seventh density, either centrally or asymmetrically located has been observed (Boekemia
et al., 1986). Image analysis has revealed that six elongated protein densities (the ¢ and B
subnits, each = 90 A X =30A in size) compromise its hexagonanally modulated periphery
(Gogol et al., 1989). At the centre of F, is an aqueous cavity which extends nearly or entirely
through the length of the complex; a compact protein density located at one end of the
hexagonal barrier and closely associated with one of the peripheral subunits, partially

obstructs the central cavity (Gogol et al., 1989).
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Fructose-6-Phosphate

lglucosamine synthetase (glm$)
glucosamine-6-phosphate

4
glucosamine-1-phosphate

l
N-acetylglucosamine-1-P

UTP  (EcoURF-1) now called glmU

UDP-N-acetylglucosamine

\) \)

lipopolysaccharide peptidoglycan

Fig. 1c. Biosynthesis and cellular utilization of UDP-Glc in E.coli.

1.3.3.1. Metabolic link between gimU and gimS.

The amino sugars D-glucosamine (GlcN) and N-acetyl-D-glucosamine (GlcNAc) are essential
components of the peptidoglycan of bacterial cell walls and of the lipopolysaccharide of the
outer membrane in gram-negative bacteria including E.coli (Ho6ltje and Schwarz, 1985; Park,
1987). When present in the environment, both compounds are taken up and used for cell wall
and lipid A (an essential component of outer membrane lipopolysaccharide) synthesis

{Dobrogozz, 1968). In the absence of amino sugars in the environment, the bacteria must
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comparable to those glucose (Plumbridge ef al., 1993). The alignment of the first 194 amino
acids of amidophosphoribosyl-transferase with glucosamine synthetase from £.coli produced
52 identical and 51 similar amino acids for an overall conservation of 53% (Mei and Zalkin,
1990). Glucosamine synthetase is unique among this group in that, it is the only one
transferring the amide nitrogen to a keto group without the participation of a cofactor (Badget

et al., 1986).

It is a dimer of identical, 68 kDa subunits showing classical properties of amidotransferases
(Badet et al., 1987; Kucharczyk et al., 1990). The purified enzyme is stable, (could be stored
on at ;20°C for several months); does not exhibit lability; does not display any absorbance in
the region of 300-500 nm and is colourless at a concentration of 5 mg/ml suggesting it is not
an iron containing protein (Badet ef al., 1986). Again, no hydrolytic activity could be detected
by standard spectrophotometric assay and in contrast to mammalian glucosamine synthetase
(Bates and Handshumacher, 1968; Winterburn and Phelps, 1973), UDP-GlcNAc does not
affect £.coli glucosamine synthetase activity as shown by Kornfield (1961), in crude extracts

from E.coli and B.subtilis (Badet et al., 1986).

Glucosamine synthetase is subject to weak product inhibition at millimolar concentrations of
GleN-6-P but it is not subject to allosteric regulation (Vermoote, 1988), unlike the equivalent
eukaryotic enzymes which are allosterically inhibited by UDP-GlcNAc (Frisa ef al., 1982,
MacKnight et al., 1990). The intracellular concentration of GImS protein is lowered about
three fold by growth on the amino sugars glucosamine and N-acetylglucosamine; this

regulation occurs at the level of transcription (Plumbridge er al., 1993). It is also subject to
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a control mechanism which causes its expression to be reduced when the level of the nag
(coding for proteins involved in the uptake and metabolism of N-acetylglucosamine) regulon
genes are derepressed (Badet et al.,, 1993). Chimara ef al. (1984), have also showed that
anticapsin (the C-terminal epoxyamino acid of the antibiotic tetaine; also produced
independently by a strain of Streptomyces griseoplanus), inactivates the glucosamine
synthetase from FE.coli, Pseudomonas aeruginosa, Arthrobacter aurenscens and Bacillus

thuringiensis.

Studies performed earlier with other amidotransferases revealed that the sulfhydryl group of
the active centre plays a vital role in the catalysis of transfer of the r-amino group from
glutamine to the acceptor substrate (Buchanan, 1973). The indispensabilty of the sulthydryl
group of the g/mS gene product in glucosamine-6-phosphate synthesis suggests that anticapsin
inactivates the glutamine binding site, presumably by covalent modification of cystein residue
(Chmara ef al., 1984). GIcNH2-6 synthetase has also been found to exhibit strong sensitivity
to pyridoxal 5’-phosphate addition; the inhibition being competitive with respect to the
substrate fructose-6-phosphate (Golinelli-Pimpaneaux and Badet, 1991). This inhibition by
pyridoxal 5’-phosphate is irreversible and is thought to result from Schiff base formation with
an active site lysine residue (Badet et al., 1993). In E.coli, the pst (phosphate specific
transport) genes are found immediately downstream of the gimS$ gene therefore the pst genes

will be the reviewed in this text after the g/mS gene.
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1.3.5. The pho genes.

Unless otherwise stated, information on pho genes has been based on the review of Rao and

Torriano (1990).

1.3.5.1. Phosphate uptake in F.coli

Phosphate is an integral part of the globular cellular metabolism since it is indispensable for
DNA and RNA synthesis, energy supply and membrane transport. Phosphate is utilized by the
cell as phosphate ions, which are neither reduced nor oxidized during assimilation. However,
a wide range of available phosphates that occur in nature cannot be metabolized by E.coli
unless they are first degraded into Pi (inorganic phosphate). These phosphorylated compounds
must first cross the outer membrane (OM), before they are hydrolysed to release Pi in the
periplasm. The Pi is captured by binding proteins and finally transported across the inner
membrane (IM) into the cytoplasm. In E.coli, two systems for inorganic phosphate (Pi)
transport (Pst and Pit) have been reported (Willsky and Malamy, 1974, 1980; Sprague et al.,

1975; Rosenburg ef al., 1987).

E.coli normally transports inorganic phosphate (Pi) by the low-affinity transport system, Pit.
When the level of external Pi is lower than 20 pM or when the only source of phosphate is
organic phosphate other than glycerol phosphate and hexose phosphate, another transport
system Pst, is induced. The latter is typical of a class of inducible high-affinity transport
systems which are sensitive to osmotic shock and include periplasmic binding proteins
(Medveczky and Rosenburg, 1970; Boos, 1974). Another protein, an outer membrane porin

PhoE with a K of about 1 uM is also induced; this outer membrane protein allows the



19

intake of organic phosphates which are degraded to Pi by phosphatases in the periplasm

(Medveczky and Rosenburg, 1970).

1.3.5.2. The Pst system.

A comparison of the kinetic parameters shows the transport constant (K,) for the Pst system
(about 0.25 YM) to be two orders of magnitude lower than that of the Pit system (about 20
MM, Rosenburg, 1987). This makes the Pst system highly efficient and hence at low Pi
concentrations, this is the main system for Pi uptake. The pst genes together with phoU gene,
form an operon (Fig. 1d) that maps at about 83.5 min on the E.coli chromosome. Surin et al.
(1987), established a definitive order in the confusing picture available on the genes of Pst
region and their sequence on the E.coli map. The sequence is: bgl... phoU, pstB, psTA
{formerly phoT), pstC (phoW), pstS (phoS)...glmS. All genes are transcribed counter clockwise
on the E.coli chromosome and constitute an operon. The nuceotide sequences of all the five
genes have been determined, and the amino acid sequences of the corresponding protein has
been deduced (Surin et al., 1987). The gene products of the Pst system which have been
isolated in pure forms are PiBP (phosphate binding protein) and PhoU (Surin et al., 1986;
Rosenburg, 1987). The Pst system has two functions in E.coli; the transport of Pi and the
negative regulation of the phosphate regulon (a complex of twenty proteins mostly related to

organic phosphate transport).
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Table 1: Pst genes and their role in phosphate uptake.

Proteins Genes Function

PstA pstA(phoT) Cytoplasmic membrane

PstB pstB Energy coupling peripheral membrane
PstC pstC(phoW) Cytoplasmic membrane protein

PiBP pstS(phoS) Periplasmic Pi binding proteun

1.3.5.3. Pst operon

PhoS (pstS) and pstA (phoT) mutations were initially isolated as alkaline phosphatase-
constitutive mutants (Echols et al., 1961), and Pst mutants were isolated either as arsenate-
resistant (Bennet and Malamy, 1970) or as organic phosphate autotrophs (Sprague ef al.,
1975). Regardless of the selection criteria, all of these mutants were defective in incorporation
of Pi on a pit-background and synthesized alkaline phosphatase, coded for by the phoA4 gene,
in high organic phosphate media. The activity of the Pst system depends on the presence of
the PiBP which has a K, of approximately 1 pM. This protein, encoded by the pstS gene has
been purified and crystallized but no high resolution crystallographic data are yet available.
The PiBP encoded by pstS consists of 346 amino acids, which is the precursor form of the

phosphate binding protein (Surin ef al., 1984).
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The mature phosphate binding protein (PiBP) has 321 amino acids and a molecular weight
of 34,427. The 25 additional amino acids present in the pre-phosphate binding protein
constitute a typical signal peptide (Michaelis and Rosenburg, 1970), with a positively charged
N-terminus followed by a chain of 20 hydrophobic amino acid residues (Surin et al., 1984).
The site of cleavage of the signal peptide to form the mature phosphate binding protein lies
on the carboxyl side of the alanine residue preceding the N-terminal glutamate of the mature
phosphate binding protein (Surin et al., 1984). After the passage of the organic phosphates
through the outer membrane, Pi is cleaved off by phosphatase in the periplasm, and the Pi-
binding protein captures the free Pi produced in the periplasm and directs it to the
transmembrane channel of the cytoplasmic membrane. The channel consists of two proteins,
PstA (phoT product) and PstC (phoW product), which have six and five transmembrane
helices respectively. On the cytoplasmic side of the membrane, the channel is linked to PstB
protein which carries a nucleotide (probably ATP)-binding site. PstB probably provides the

energy required by the channel to free Pi.

1.3.5.4. Modulation of Pho uptake.

The expression of genes in 0.5-1.0% of the E.coli chromosome (4,7x10° bp) is regulated by
the level of external inorganic phosphate based on the proteins detected in two-dimensional
gel electrophoresis system developed by F. Nieldhart (personal communication to Rao and
Torriani). However Wanner and McSharry (1982), could detect only twenty promoters that
were activated by Pi starvation (phosphate-starvation-induced, or Psi). This increased level
of expression represents a survival mechanism for the cell and some of these genes constitute

the Pho regulon (Fig. 1d). The products of the Pho regulon are proteins of the outer
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Fig. 1d. Utdlization of organic phosphate by cells of E.coli starved of inorganic phosphate
(P1). The organic phosphates permeate the outer membrane (OM) and are hydrolized to Pi by
the phosphatases of the periplasm. The Pi produced is captured by the (PiBP) Pi-binding
protein (gene pstS) and is actively transported through the inner membrane (IM) via the
phosphate-specific transport (Pst) system. The phoU gene product may act as an effector of
the Pi starvation signal and is directly or indirectly responsible for the synthesis of
cytoplasmic polyphosphates. More important for the phosphate starved cells is the fact that
pholU may direct the synthesis of positivé co-factors (X) necessary for the activation of the
positive regulatory genes phoR and phoB. The PhoR membrane protein will activate PhoB.
The PhoB protein will recognize the “Pho box' a consensus sequence present in the genes of

the pho operon (Surin et al., 1987).
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Fig. le. A model for Pst-dependent Pi transport modified from the one used (Treptow and
Shuman, 1988) to explain the mechanism of maltose transport. (a) The PiBP has captured Pi
(@~® ); 1t adapts itself on the periplasmic domain of the two transmembrane proteins (PstC
and PstA). The Pst protein is represented as being bound to PstA, but its specific position is
not known. It has a nucleotide binding domain (black). (b) When ATP activates PstB, the
PiBP is releases Pi to the PstA + PstB. channel. (¢) The energy released by the hydrolysis of
ATP— ADP + Pi is utilized to free the transported Pi. The cycle is closed by the formation

of the original structure (a). A, B, and C are PstA, PstB and PstC respectively.



membrane (porin PhoE), the periplasm (alkaline phosphatase, Pi-binding proteins, glycerol
3-phosphate binding protein), and the cytoplsmic membranes (PhoR, PstC, pstA, UgpA,
UgpC). Genes coding for these proteins are positively regulated by the products of three
genes: phoR and phoB, which are themselves repressed by Pi and phoM which is not. It was
first establised genetically and then in vitro that the PhoB is required to induce alkaline
phosphatase production. The most recent results have established that PhoB is required to bind
a specific DNA site upstream the genes of the pho regulon the “Pho-box’ (Nakata et al., 1987)
as has been demonstrated directly for the ps:S gene (Makino et al., 1988). Gene phoR is Pi-
regulated and with phoB constitutes an operon. The present knowledge of the sequence and
functions of the these two genes leads to the conclusion that PhoR is a membrane protein
(Makino er al., 1985) that fulfils a modulatory function involved in Pi signal transduction.
Furthermore, the homology of this operon with a number of two component regulatory
systems (Ronson et al., 1987) suggests that PhoR activates PhoB by phosphorylation. This
is now supported by the experiments of Yamada et al. (1990), which proved that a truncated
PhoR (C-terminal region) is autophosphorylated and transphosphorylates PhoB (Makino et al.,

1990).

It has been clearly established that the expression of the genes of the Pst system for Pi
transport repressed by Pi. Any mutation in one of these five genes results in the constitutive
expression of the Pho regulon. This implies that, the intact Pst structure exerts a negative
effect on the expression of the Pho regulon when Pi levels are high. Thus the basal level of
these proteins is involved in sensing Pi from the medium, but the transport and flow of Pi

through Pst is not involved in the repression of the Pho regulon. If cells are starved for
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Pi, the pst genes are expressed at high levels and the Pho regulon is induced via phoR and
PhoB. If Pi is added to these cells, pst gene expresssion stops within five to ten minutes,
probably because the positive regulators PhoR and PhoB are rapidly inactivated
(dephosphorylated) and the Pst proteins may regain their function. Another gene of the Pst,
phoU, produces a protein involved in the negative regulation of the pho regulon, but the
mechanism of this function has not been explained.

Transposons and Tn7 is reviewed because of Tn7-like segment which was encountered

downstream the gimS$ gene.

1.3.6. Transposable elements.

Transposons are precise DNA segments which can translocate from place to place in genome
or from one replicon to another within a cell. This process does not involve the homologous
or general recombination systems of the host, but requires one (or a few gene products)
encoded by the element. In prokaryotes, the study of transposable elements dates from the
discovery in the late 1960s of a new class of highly polar mutations (Malamy, 1966; Saedler
and Starlinger, 1967; Saedler et al., 1968; Shapiro and Adhya, 1969), and from the identifi-
cation of these mutations as insertions (Starlinger ef al., 1968; Shapiro, 1969; Michealis ef al.,
1969; Malamy, 1970). Hybridization studies showed that the inserted DNA belonged to only
a few classes and were called insertion sequences (/S; Malamy et al., 1972; Hirsch et al,
1972; Kahn and Schaefer, 1995). Besides their presence on the chromosome, these IS were
discovered on bacteriophages (Brachet ef al., 1970) and on plasmids such as fertility factor,
F (Ohtsubo and Davidson, 1975; Hu et al., 1975). 1t became clear that the insertion sequences

could only transpose as discrete units and could be integrated by mechanisms essentially
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1.3.6.1. Transposons and Insertional sequences (IS).

Transposons were originally distinguished from insertional sequences because transposons
carry detectable genes, often conferring antibiotic resistance. Transposons often terminate in
long (800-1500 bp) inverted or direct repeats and often these repeat segments are themselves
IS or IS-like elements (Calos and Miller, 1980; Boursaux-Eude er al., 1995). Many
transposons thus represent a segment of DNA that is mobile as a result of being flanked by
IS units. For example, Tn9 and Tnl681 are flanked by copies of ISI, which accounts for the
mobilization of the intervening genetic material (Calos and Miller, 1980). It is quite probable
that the long inverted repeats of elements such as TnS, Tnl0 and Tn903 are also insertion
sequences or are derived from them. Virtually all the insertion sequences and transposons
characterized at the sequence level have a terminal inverted repeat. The only exception to date
is bacteriophage Mu, where the situation is more complex; the ends share short regions of
homology but do not form a convincing inverted repeat (Allet, 1979; Kahmann and Kamp,

1979; Radstrom et al., 1994).

1.3.6.2. Tn7

Tn7 is relatively large, about 14 kb (Fig. 1f). It encodes several antibiotic resistance
determinants in addition to its transposition functions: a novel dihydrofolate reductase that
provides resistance to the anti-folate agent trimethoprim (Fling and Richards, 1983; Simonson
et al., 1983), an adenylyl trasferase that provides resistance to the aminoglycosides
streptomycin and spectinomycin (Fling er al., 1985) and a transacetylase that provides
resistance to streptothricin (Sundstrom et af., 1991). Tnl825 and Tnil826 are Tn7-related

transposons that apparently encode similar transposition functions but differ in their drug
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resistance determinants (Tietze er al., 1987). These drug resistance genes appear to be
encoded in genetic cassettes whose rearrangement can be mediated by an element-encoded
recombinase (Ouellette and Roy, 1987; Sundstrom and Skold, 1990; Sundstrom et al., 1991).
In Tn7, this recombinase gene appears to be interrupted by a stop codon and is, therefore an
inactive pseudogene (Sundstrom er al., 1991). It should be noted that the transposition of the
intact Tn7 does not require this recombinase (Waddell and Craig, 1988). Tn7 also encodes
an elaborate array of transposition genes, tnsABCDE (Fig. 1f). These five tns genes mediate
two distict, but overlapping, recombination pathways (Rogers et al., 1986; Waddell and Craig,

1988; Kubo and Craig, 1990).

1.3.6.2.1. Insertion of Tn7 into E.coli chromosome.

Unlike other transposons, Tn7 is very site and orientation specific. When Tn7 transposes to
the E.coli chromosome, it usually inserts in a specific site about 84 min of the 100 min
chromosome map called anTn7 (Bath and Datta, 1976; Lichtenstein and Brenner, 1981). The
specific point of insertion lies between the phoS and the gimS genes (Lichtenstein and
Brenner, 1982: Walker et al., 1986) Fig 1g. In fact, the point of insertion in E.coli is within
a region that produces the transcriptional termiminator of the glmS gene while the sequence
critical for atfTn7 activity (called gimS box) encodes the carboxyl terminal 12 amino acids
of the glucosamine synthetase enzyme (Waddell and Craig, 1989; Qadri er al. 1989; Walker
et al., 1986).

Tn7 will also transpose to regions of DNA with sequence related to a#tTn7, pseudo attTn7
sites. TnsABC + tnsD promote high-frequency insertion into a#tTn7 and low frequency

insertion into pseudo-atfTn7 sites; a different ensemble of tns genes, tnsABC + tnsE mediates
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low-frequency insertion into sites unrelated to atrTn7 (Craig, 1991). Thus, tnsABC provide
functions common to all Tn7 transposition events, whereas tnsD and tnsE are alternative
target site-determining genes. The tnsD pathway chooses a limited number of target sites that
are highly related in nucleotide sequence whereas the tnsE-dependent target sites appear to
be unrelated in sequence to each other (or to the tnsD sites) and thus reflect an apparent

random insertion pathway (Kubo and Craig, 1990).

As mentioned earlier, a notable feature of Tn7 is its high frequency of insertion into attTn7.
For example, examination of the chromosomal DNA in cells containing plasmids bearing Tn7
reveals that up to 10% of the a#fTn7 sites are occupied by Tn7 in the absence of any selection
for Tn7 insertion (Lichenstein and Brenner, 1981; Hauer and Shapiro, 1984). Tn7 insertion
into atfTn7 has no obvious deleterious effect on E.coli growth. The frequency of Tn7
insertion into sites other than a#Tn7 is about 100 to 1000-fold lower than insertion into
attTn7. Non-attTn7 may result from either tnsE-mediated insertion into random sites or tnsD-
mediated insertion into pseudo-antTn7 sites (Rogers et al., 1986; Waddell and Graig, 1988;
Kubo and Craig, 1990). The nucleotide sequences of the tns genes have been determined
(Smith and Jones, 1986; Flores et al., 1990; Orle and Craig 1990).

Inspection of the tns sequences has not, in general been informative about the functions and
activities of the Tns proteins. Perhaps the most notable sequence similarity between a Tns
protein and another protein (Flores et al., 1990) is a modest one between TnsC, an ATP-
dependent DNA-binding protein that participates directly in transposition (Craig and Gamas,
1992) and MalT (Richet and Raibaud, 1989) which also binds ATP and DNA 1in its role as

a transcriptional activator of the maltose operons of E.coli. Site-specific insertion of Tn7 into
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Shapiro, 1984; Arciszewska ef al., 1989). It should be emphasized that the target immunity
1s a cis-acting phenomenon, that is transposition into DNAs other than that containing the
transposon is unaffected and thus immunity reflects the influence of the transposon on the
target DNA in which it resides (Craig, 1991). The bacterial transposon Tn3 (Lee ef al., 1983)
and bacteriophage Mu (Adzumah and Mizuuchi, 1988) also display such target immunity.
Tn7 immunity effect is observed over relatively large (>100 kb) molecules (Hauer and

Shapiro, 1984; Arciszewska et al., 1989).

1.3.7. Region downstream of E.coli and 7. ferrooxidans unc operons,

While examining the afp downstream region of 7. ferrooxidans strain ATCC 33020, it was
discovered that the genes occur in the same order as E.coli, that is atp_urf gimS Tn7-like
transposon (Rawlings, unpublished information). The afp gene cluster from T.ferrooxidans has
already been used to complement E.coli F, unc mutants for growth on minimal media plus
succinate (Brown ef al., 1994). The second open reading frame (ORF2) in between the two
mercury ion resistance genes (merR1 and merR2) in T ferrooxidans strain E-15 has been
found to have high seqeunce homology with tnsA of transposon Tn7 (Kusano ef al., 1991).
Since Tn7 was first isolated as part of a conjugative R-plasmid which had spread rapidly
through the populations of enteric bacteria as a consequence of the heavy use of antibiotics
(Barth et al., 1976), it was not expected to be present in an autotrophic chemolitroph like
T .ferrooxidans. That in itself raises the question of how similar the transposon is to Tn7 and
what marker genes it may carry. There is also the question of whether this Tn7-like
transposon is found in other strains of 7’ ferroxidans and other species of bacteria which grow

in its environment.
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The objectives of this project were 1); to determine whether the region downstream of the
cloned atp genes is natural unrearranged T. ferrooxidans DNA. 2); to determine whether a
Tn7-like transposon is present in other strains of T ferrooxidans as well as metabolically
related species like Leptospirillum ferrooxidans and Thiobacillus thioxidans. 3); to clone
various pieces of DNA downstream of the Tn7-like transposon and carry out single strand
sequencing to find out how much of Tn7-like transposon is present in T .ferrooxidans strain
ATCC 33020. 4); to determine whether the antibiotic resistance markers of Trp', Str'/Spr and
streptothricin which are present on Tn7 are also present in the Tn7-like transposon. 5) whether
in T ferrooxidans, the Tn7-like region is followed by the pho genes as is the case in E.coli.
6) to completely sequence the gimS gene and test whether it will be able to complement an

E.coli glm§ mutant.
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2.3.3. Chromosomal DNA preparation.

Cells (101) were harvested by centrifugation. Washed three times in water adjusted to pH 1.8
using H,50, and resuspended in 500 pl TE buffer (pH 7.6). SDS (15 ul of a 20% solution)
and proteinase K (3 pl of 20 mg/l) were added, mixed and allowed to incubate at 37 °C until
cells had lysed and the solution cleared. Proteins and other debris were removed by extracting
3 times with a 25:24:1 solution of phenol/chloroform/isoamyl alcohol. The DNA was

precipitated with ethanol, washed in 70% ethanol and resuspended in TE buffer (pH 8.0).

2.3.4. Restriction enzyvme digests,

Restriction enzymes with their buffers were obtained commercially and were used in
accordance with the specifications of the manufacturers. Plasmid p818.52 (5 ug) was restricted
with Kpnl and Sall restriction enzymes in a total reaction volume of 50 pl. Chromosomal
DNAs of T.ferrooxidans strain ATCC 33020 and cosmid p818.1 were digested separately with
BamHl, Hindlll and Bglll. L ferrooxidans strain DSM 2705, T ferrooxidans strains ATCC
33020, ATCC 19859 and ATCC 23270 together with T.thiooxidans strains ATCC 19377 and
DSM 504 were all digested with Bg/ll. Chromosomal DNA (10 pg) and p818.1 (5§ ug) were
digested in 50 and 80 pl respectively in each case. The standard molecular genetics techniques

compiled by Maniatis et al. (1982), were followed in the restriction digests.

2.3.5. Agarose gel electrophoresis.

Agarose (0.8%) in Tris borate buffer (TBE) pH 8.0 with 1 pl of ethidium bromide (10 mg/ml)
per 100 ml was used to separate the chromosomal DNAs, p818.1 and p818.52 (used as a

control). The gel was run for 6 hours at 100 V. Half of the probe (p818.52) was run
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2.3.8. Hvybridization.

The blotted N+ HyBond was pre-hybridized in 50 ml of prehybridization fluid (see Appendix
2) for 6 hrs at 65 °C in a covered box. This was followed by another hybridization in fresh
fluid (same as above) to which the probe (boiled for 10 mins and snap-cooled) had been
added at 65 °C overnight according to method of Grunstein and Hodgness (1975). Following
hybridization, the membrane was washed twice by incubating it in 100 ml wash buffer A
(Appendix 2) for 10 mins at room temperature. This was followed by incubation at 65 °C in

100 ml of wash buffer B (Appendix 2) for 15 mins.

2.3.9. DIG detection.

All DIG detection reactions were carried out at room temp. The membrane treated in section
2.3.8. was washed in kit wash buffer (Appendix 2) for 5 mins, equilibrated in 50 m! of buffer
2 (Appendix 2) for 30 mins and incubated in anti-DIG buffer for 30 mins. It was then washed
twice (15 mins each) in 100 ml wash buffer, after which the wash buffer was drained and
incubated for 10 mins with a mixture of 50 pl of Lumigen (AMPDD) in DEA buffer. The
DEA buffer was drained, the membrane sealed in bag (SaranWrap) and incubated at 37 °C

for 15 mins before exposing the bag to a film (AGFA cuprix RP4) in dark room for 4 hours.
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Table 2.1. Details of strains of bacteria used in this study.

Bacterial Strain | Medium Geographical location | Source
T.ferrooxidans

ATCC 22370 8,042 USA K.Halberg
ATCC 19859 5,062 Canada ATCC
ATCC 33020 Fe®* Japan ATCC
T.thicoxidans

ATCC 19377 8,02 Libya K.Halberg
DSM 504 5,042~ USA K.Halberg
L.ferrooxidans

DSM 2705 Fe® Armernia P.Norris
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Table 2.2. Constructs and subclones of p8l8.1.

Construct/subclone Cloning sites Approx size {(kb)
p818.20 Apal-EcoRI 11.0
p8l8.1AE EcoRI 34.0
p818.30 BamHI 2.7
p8l18.41 BamHI-Kpnl 0.8
p818.38 Sall-HindIII 1.0
r818.40 HindIII-BgllI 3.4
p818.52 KpnlI-Sall 1.7
p818.50 Kpnl-Bglll 2.6

All these subclones and constructs were cloned into

pBluescript KSII.
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Fig. 2.1. Restriction map of cosmid p818.1. Also shown are the subclones p818.20 (Apal-
EcoRI) and p818.1AE (EcoRI-EcoRl) as well as plasmids pZfatpl and pTfatp2 which
complemented E.coli unc F, mutants (Brown et al., 1994). Apart from p818.1 which was

cloned into pHC79, all the other fragments were cloned into vector Bluescript KS.
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Fig. 2.2. Subclones made from p818.20 including p818.52, the Kpnl-Sall fragment used to

prepare the probe. All the subclones were cloned into vector Bluescript KS.
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2.4. Results and discussion.

2.4.1. Restriction mapping and subcloning of T.ferrooxidans cosmid p818.1

T ferrooxidans cosmid p818.1 subclones, their cloning sites and their sizes are given in Table
2.2. Restriction endonuclease mapping of the constructs carried out and the resulting plasmid
maps are given in Figs. 2.1 and 2.2. In the case of cosmid p818.1, there were too many
restriction endonuclease sites so this construct was mapped for relatively few enzymes. The
most commonly occurring recognition sites were for the BamHI and Bg/I1 restriction enzymes.
Cosmid p818.1 contained two EcoRI sites which enabled it to be subcloned as two pieces
namely p818.20 (covering an Apal-EcoRI sites -approx 11 kb) and p818.1AE being the
EcoRI-EcoRI piece (approx 34 kb) adjacent to p818.20 (Fig 2.1.). The 11 kb Apal-EcoR1
p818.1 construct was further subcloned to produce plasmids p818.30, p818.40, p818.50,
p818.38, p818.41 and p818.52 (Fig. 2.2). Some of these subclones were extensively mapped
although not all the sites are shown in Fig. 2.2. The exact positions of the ends of
T ferrooxidans plasmids pTfatp! and pTfarp2 on the cosmid p818.1 were also identified (Fig.

2.1).

2.4.2 Hybridization of p818.52 to various restriction fragments of cosmid p818.1 and

T.ferrooxidans.

In order to confirm the origin of p818.1 and to demonstrate that the cosmid insert was natural
unrearranged DNA, digests of cosmid p818.1 and 7 ferrooxidans chromosomal DNA were
probed with p818.52. The sizes of the bands which gave a positive hybridization signal were

identical for each of the three different restriction enzyme digests of p818.1 and chromosomal
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DNA (Fig. 2.3). The BamHI digests gave signals at 2.6 and 2.8 kb (lanes 1 and 2), HindIII
at 10 kb (lanes 3 and 4) and Bg/II at 4.6 kb (lanes 5 and 6). The additional weak signals in
the p818.1 lanes was because the purified Kpnl-Sall probe from p818.52 had a small quantity
of contaminating vector DNA (pBluecript KSIT) which has regions of homology to the cosmid
vector pHC79. The observation that the band sizes of hybridizing fragments were the same
for both p818.1 and the 7 ferrooxidans ATCC 33020 chromosome for the same restriction
digest confirms that, the region extending from Bg/II site at 4.5 kb to the HindIII site at 16
kb on cosmid p818.1 represents native unrearranged chromosomal DNA from T ferrooxidans
ATCC 33020. Since there were no hybridization signals in addition to those predicted when
comparing the map with the probe in lanes 2, 4 and 6, one can deduce that there are no
multiple copies of the probe region (a Tn7-like segment) in the chromosome of 7.ferrooxidans

ATCC 33020.

2.4.3. Hvbridization of chromosomal DNA of T.ferrooxidans, T.thicoxidans

and L.ferrooxidans.

The insert of plasmid p818.52 was found to fall entirely within a Tn7-like transposon present
on the chromosome of T.ferrooxidans 33020 (see Chapter 4). A Southern blot hybridization
experiment was carried out to determine whether this Tn7-like element is present on other
strains of T.ferrooxidans and/or strains of 7. thiooxidans and L.ferrooxidans. The results of this
experiment are shown in Fig. 2.4. Lanes D, E and F of Fig. 2.4 represent T.thicoxidans strains
ATCC 19377, DSM 504 and L.ferrooxidans strain DSM 2705 respectively, all digested to
completion with Bg/ll restriction enzyme. A positive hybridization signal was obtained for

each of the three 7. ferrooxidans strains; ATCC 33020 (lane A), ATCC 19859 (lane B) and
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ATCC 23270 (lane C) examined (Fig. 2.4). The same size Bg/ll fragments (4.6 kb) were
hybridized by the probe as shown in lanes A, B and C. This result indicates that, although the
three 7.ferrooxidans were isolated from different countries and grown on two different media,
they all possess a single Tn7-like transposon in apparently the same location in their
chromosomes. In contrast, no hybndization signal was obtained for T thicoxidans strains

ATCC 19377 and DSM 504 or L.ferrooxidans DSM 2705 (lanes D, E and F of Fig. 2.4).

T ferrooxidans and T.thiooxidans have been found to be very closely ;‘elated based on 16S
rRNA sequences (Lane et al., 1992). Since all T ferrooxidans and no T.thiooxidans strains
examined have the Tn7-like transposon, it implies either T ferrooxidans and T.thiooxidans
diverged before T.ferroxidans acquired the Tn7-like transposon or T.thiooxidans does not have
an atfTn7 attachment site capable of hosting the Tn7-like element. Though these strains of
T .ferrooxidans were isolated from geographical locations as far apart as the USA and Japan,
it is difficult to estimate when the T ferrooxidans strains acquired the Tn7-like transposon as
bacteria get around the world pretty quickly and transposons are horizontally transmitted. It
remains to be established whether the absence of this Tn7-like segment is a general property
of all L.ferrooxidans and T.thiooxidans strains and also whether all I.ferrooxidans strains

harbour this Tn7-like element in their chromosomes.
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CHAPTER 3.

T.FERROOXIDANS GLUCOSAMINE SYNTHETASE GENE,

3.1. Summary.

A 3.5 kb BamHI-BamHI fragment of p818.20 was cloned into pUCBM20 and pUCBM21 to
produce constructs p818.16f and p818.16r respectively. This fragment was completely
sequenced from both directions and shown to cover the entire glmS gene (1.84 kb) Fig. 3.1
and 3.4. The derived amino acid sequence of the T ferrooxidans glucosamine synthetase was
compared to similar enzymes of other organisms and found to have very high sequence
homology. Highest homology was to the glucosamine synthetase of the best studied
eubacterium, E.coli (Fig. 3.8). Both constructs p818.16f and p818.16r containing the entire
gImS gene of T ferrooxidans also complemented an E.coli gimS mutant for growth on medium

lacking N-acetyl glucosamine.

3.2. Introduction

Cell wall biosynthesis is vital to every microorganism. In most procaryotes, this process starts
with amino sugars which are made from fructose-6-phosphate by the transfer of amide group
of glutamine to a hexose sugar to form an amino sugar. This reaction is catalysed by
glucosamine synthetase, the product of the gimS gene. The first part of the catalysis attributed
to the 40-residue N-terminal glutamine-binding domain (Denisot et al., 1991), involves the
participation of Cysl to generate a glutamyl thiol ester and nascent ammonia (Buchanan,
1973). The 368-residue C-terminal domain is responsible for the second part of the reaction;

formation of glucosamine 6-phosphate. This step has been shown to require the abstraction
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of the Clpro-R hydrogen of a putative fructoseamine 6-phosphate to form a cis-enolamine
intermediate which upon reprotonation to the face of C2, gives rise to the product (Golinelli-

Pimpaneau et al., 1989).

The bacterial enzyme comprises two domains that can be separated by limited chymotryptic
proteolysis (Denisot er al., 1991). The glutamine binding domain encompassing residues 1 to
240 has the same capacity to hydrolyse glutamine (and the corresponding p-nitroanilide
derivative) into glutamate as the native protein. The amino acid sequence of the glutamine
binding domain is highly conserved among members of the F-type group of amidotransfer-
ases. Enzymes in this subfamily include amidophosphophoribosyl transferase (Tso et al,,
1982), asparagine synthetase (Andrulis et al., 1987), glucosamine-6-P synthetase (Walker et
al., 1984) and the NodM protein of Rhizobium leguminosarum (Surin and Downie, 1988). The

368-residue carboxyl-terminal domain retains the ability to bind fructose-6-phosphate.

The complete double-stranded DNA sequence of T ferrooxidans glmS gene, a third of the
glmU gene (preceding gimS) and sequences downstream of glm$ gene are reported in this
chapter. This chapter also contains a comparison of the sequenced T ferrooxidans gimS gene
product to other purF-type amidophosphoribosyl transferases and a complementation study

of T ferrooxidans gimS gene in E.coli gimS mutant CGSC 5392.
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3.3. Materials and Methods.

3.3.1. Bacterial strains and plasmid vectors.

E.coli strain JM109 (endAl gyrA96 thi hsdRI17(r', m+) relAl supE44 lac-proAB) (F'traD36
proAB lacl®Z M15) was used for transformation. E.coli gim§ mutant CGSC 5392 was used
for the complementation studies. Details of their phenotypes are listed in Appendix 3. Plasmid
vectors pUCBM20 and pUCBM21 (Boehringer-Mannheim) were used for cloning of the

constructs.

3.3.2. Media and Solutions.

Luria agar (LA) and Luria Broth media (LLB) and Luria Broth supplemented with N-acetyl
glucosamine (200 1 g/ml) were used throughout in this chapter. Luria agar + ampicillin (100
ig/ml) was used to select exonuclease 111 shortened clones whilst Luria agar + X-gal (50 ul
of X-gal + 25 yl IPTG per 20 ml of LA) was used to select for constructs (blue/white
selection). Details of media can be found in Appendix 1. X-gal and ampicillin preparation

details can be found in Appendix 2.

3.3.3. Plasmid DNA extraction

Pure plasmid DNA extractions were carried out using the Nucleobond kit according to the
method developed by MACHEREY-NAGEL for routine separation of nucleic acid; details in
Appendix 4. DNA was usually dissolved in 100 4l of TE buffer. Minipreparations of plasmid
DNA were carried according to the protocol compiled by Sambrook er al. (1989).

Miniprepped DNA pellets were usually dissolved in 20 4l of TE buffer and 2 yl
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used in restriction endonuclease digests in a total volume of 20 uy/l.

3.3.4. Agarose gel Electrophoresis.

Agarose gels (0.8%) were used to check all restriction endonuclease reactions. For DNA
fragments which were ligated into plasmid vector, low melting point agarose gels (0.6%) were

used to separate the DNA fragments of interest.

3.3.5. Competent cell preparation.

E.coli strains JIM109 and CGSC 5392 competent cells were prepared by inoculating single
colonies into 5 ml LB and shaken vigorously at 37 °C for 2-3 hours. These starter cultures
were then inoculated into 100 ml prewarmed LB and shaken at 37 °C until their respective
ODygg,'s reached 0,35 units. Each culture was separately transferred into a 2 x 35 ml capped
centrifuge tubes, chilled on ice for 15 mins and centrifuged at 2500 rpm for § mins at 4 °C.
Supernatants were discarded and cells were resuspended by gentle vortexing in 10.5 ml ice
cold TFB-1 (Appendix 2). After 90 mins on ice, cells were again centrifuged at 2500 rpm for
S mins at 4 °C. Supernatant was again discarded and the cells resuspended gently in 9 ml ice-
cold TFB-2 (Appendix 2). The cell suspension was then aliquoted (200 yl) into Eppendorf

microfuge tubes and stored at -70 °C until used.

3.3.6. Transformation of DNA into cells.
E.coli IM109 and CGSC 5392 cells (200 y! aliquots) were taken from -70 °C and put on ice
until cells thawed. Plasmid DNA suitably diluted in TE either from shortening or ligation

reactions were mixed with the competent cell suspension and kept on ice for 15 minutes. This



58

was followed by 5 minutes heat shock (37 °C) and replacement on the ice for another 15

minutes. LB was added (1.0 ml per tube) and incubated for 45 mins before being plated.

3.3.7. Recombinant DNA fechnigues.

General techniques as described by Sambrook et al. (1989) were followed. Plasmid constructs
p818.16f and p818.16r were made by ligating the 3.5 kb BamHI-BamHI into BamH]I sites in
pUCBM20 and pUCBM21 respectively. Constructs were selected on X-gal plates, mini-
prepared and digested with various restriction enzymes to confirm that the correct construct

had been obtained.

3.3.8. Exonuclease III shortenings.

Apal restriction digestion was used to protect both vectors (pUCBM20 and pUCBM21). Miul
restriction digestion provided the susceptible site for exonuclease III shortening. Exonuclease
IIT shortening was done using the protocol from Heinikoff (1984), see Appendix 4. DNA (8-
10 ng) was used in shortening reactions whilst approximately 1 pg of DNA was restricted for

cloning in each case.

3.3.9. DNA sequencing.

Ordered deletions of p818.16f and p&18.16r (from exonuclease III shortenings) were used as
templates for DNA sequencing. Nucleotide sequence determination was by the dideoxy-chain
termination method (Sanger et al., 1977) using a Sequitherm reaction kit (Epicentre
Technologies) and Alf Express Automatic Sequencer (Pharmacia Biotech). DNA sequence

data were analyzed by using the Genetics Computer Group Inc. software package (Version
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Fig. 3.2. Plasmidmap of p818.16r showing the positions of some of the commonly used
restriction enzyme sites. Apal restriction site was used to protect the vector while Miul acted
as the susceptible site. Also shown is the insert of about 3.5 kb covering part of the gimU

gene, the complete g/mS gene and ORF3. The cloning vector is pUCBM21.
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Fig. 3.3. Plasmid map of p818.16f showing the cloning orientation of the commonly used
restriction enzyme sites of the pUCBM20 vector. Apal restriction site was used to protect the
vector while Mlul acted as the susceptible site. Also shown is the insert of about 3.5 kb

covering part of the T ferrooxidans gimU gene, the complete gimS gene and ORF3.












65

Fig. 3.5. The complete nucleotide sequence of the 3.5 kb BamHI-BamHI fragment of p818.16.
The sequence includes part of the T ferrooxidans gimU gene (ORF1), the entire T ferrooxidans
glmS gene (ORF2) and ORF3 which had high sequence homology to TnsA and inverted
repeats of transposon Tn7 (Chapter 4). The deduced amino acid sequence for the open reading
frames is shown below the coding sequence. Among the features highlighted are the initiation
codons (bold and underlined) of the gimS gene (ATG) and ORF3 (TTG), good Shine
Dalgamo sequences (bold) immediately upstream the initiation codons of ORF2 and ORF3,
and the stop codons (bold) of gimU (ORF1) gimS (ORF2), and tnsA genes. Also shown are

the restriction endonuclease sites for some of the enzymes which were used to map p818.16.
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{Legend is on the previous page).

2 p W

jest

I partial ORF1
GGATCCCAACGTGTTGTTTGTCGGCGAGGTGCATCTGGGGCATCGCGTCCGCETGGGAGT 60
AspProAsnValleuPheValGlyGluValHisLeuGlyHisArgvalArgvalGlyala -

TGGCGCCGTTTTGCAGGATGCGCGGATTGGTGACGATGTIGGAGATTCTACCCTACAGCCA 120
GlyalaValleuGlnAsphlahArgIleGlyAspAspValGlulleLeuProTyrSerHis -

TATCGRAGGCGCCCAGATTGGGGCCGGGGCEGCGGATAGGACCTTTCGCGCGEGATTCGCCC 180
IleGluGlyAlaGlnIleGlyalaGlyAlaArglleGlyProPheAlaArglleArgPro -

CGGAACGGAGATCGGCGAACGTCATATCGGCAACTATGTCGAGGTGAAGGCGGCCAARRAT 240
GlyThrGlulleGlyGluArgHisIleGlyAsnTyrvValGluvallysAlalAlalysile =~

CGGCGCGGGCAGCAAGGCCAACCACCTGAGTTACCTTGGGGACGCGGAGATCGGTACCGG 300
GlyAlaGlySerLysAlaAsnHisLeuSerTyrLeuGlyAspAlaGlulleGlyThrGly -~

GGTGAATGTGGGCGCCGGGACGATTACCTGCAATTATGACGGTGCGAACARACATCGGAC 360
ValAsnValGlyAlaGlyThrIleThrCysAsnTyrAspGlyAlaAsnLysHisArgThr -

CATCATCGGCAATGACGTGTTCATCGGCTCCGACAGCCAGTTGGTGGCGCCAGTGAACAT 420
IlelleGlyAsnAspValPhelleGlySerAspSerGinleuvValaAlaProvValAsnile -

CGGCGACGGAGCGACCATCGGCGCGGGCAGCACCATTACCARAGAGGTACCTCCAGGAGG 480
GlyAspGlyAlaThrIleGlyAalaGlySerThrIleThrLysGluvalProProGlyGly -~

GCTGACGCTGAGTCGCAGCCCGCAGCGTACCATTCCTCATTGGCAGCGGCCGCGGCGTGA 540
LeuThrlLeuSerArgSerProGlnArgThrIleProHisTrpGInArgProArgArgAsp -

CABRAAAGTAATTCCGGATGACGCGGAATGGTCTTCGATAACAGGAGARACAGAATCATGTG 600
LysLysEnd. . QRE2 MetCys ~

Lot ¢ B ¢

I
CGGTATTGTCGGTGGGGTGAGTARAACAGATCTGGTCCCGATGATTCTGGAGGGGTTGCA 660
GlyIlevalGlyGlyValSerLysThraspleuValProMetIleLeuGluGlyLeuGln =~

GCGCCTGGAGTATCGTGGCTACGACTCTGCCGGGCTGGCGATATTGGGGGCCGATGCGGA 720
ArgLeuGluTyrArgGlyTyrAspSerAlaGlyLeuvAlallelLeuGlyAlaAspAlaAsp -

TTTGCTGCGGGTGCGCAGCGTCGGGCEGETCGCCGAGCTGACCGCCGCCGTTGTCGAGEG 780
LeuleuArgValArgServalGlyArgValAlaGlulLeuThrAlaAlavValvalGluarg -

TGGCTTGCAGGGTCAGGTGGGCATCGGCCACACGCGCTGGGCCACCCATGGCGGCGTCCG 840
GlyLeuGlnGlyGilnValGlyIleGlyHisThrArgTrpAlaThrHisGlyGlyValArg -

CGAATGCAATGCGCATCCCATGATCTCCCATGAACAGATCGCTGTGGTCCATAACGGCAT 800
GluCysAsnAlaHisProMetIleSerHisGluGlnIleAlaValValHisAsnGlylle -

CATCGAGAACTTTCATGCCTTGCGCGCCCACCTGGAAGCAGCGGGGTACACCTTCACCTC 960
IleGluAsnPheHisAlaleuArgAlaHisleuGluAlaAlaGlyTyrThrPheThrSer -

CGAGACCGATACGGAGGTCATCGCGCATCTGGTGCACCATTATCGGCAGACCGCGCCGGA 1020
GluThrAspThrGluvallleAlaHisLeuValHisHisTyrArgGlnThrAlaProAsp -

CCTGTTCGCGGCGACCCGCCGGGCAGTEGGCGATCTGCGCGGCGCCTATGCCATTGCGGT 1080
LeuPheAlaAlaThrArgArgAlaValGlyAspleuArgGlyAlaTyrAlalledAlaval -

GATCTCCAGCGGCGATCCGGAGACCGTGTGCGTGGCACGGATGGGCTGCCCGCTGCTGCT 1140
IleSerSerGlyAspProGluThrValCysvValAlaArgMetGlyCysProlLeuleuleu -
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GGGCGTTGCCGATGATGGGCATTACTTCGCCTCGGALCGTGGCGGLCCTGCTGCCGGTGAL 1200
GlyValAlaAspAspGlyHisTyrPheAlaSerAspValalaslaleuleuProvValThr -~

CCGCCGCGTGTTGTATCTCGAAGACGGCGATGTGGCCATGCTGCAGCGGCAGACCCTGCG 1260
ArgArgValleuTyrLeuGluAspGlyAspValAlaMetLeuGlnArgGinThrleuArg -

GATTACGGATCAGGCCGGAGCGTCGCGGCAGCGGGAAGAACACTGGAGCCAGCTCAGTGC 1320
IleThrAspGlnAlaGlyAlaSerArgGlnArgGluGlutisTrpSerGinleuSerAla -

GGCGGCTGTCGATCTGGGGCCTTACCGCCACTTCATGCAGAAGGAAATCCACGARCAGCC 1380
AlaAlavalAspLeuGlyProTyrArgHisPheMetGlnLysGluIleHisGluGlnPro -

Ho— g W

I
CCGCGCGGTTGCCGATACCCTGGAAGGTGCGCTGAACAGTCAACTGGATCTGACAGATCT 1440
ArgAlaValAlaAspThrLeuGluGlyAlaLeuAsnSerGlnLeuAspLeuThrAspleu -

CTGGGGAGACGGTGCCGCGGCTATGTTTCGCGATGTGGACCGGGTGCTGTTCCTGGCCTC 1500
TrpGlyAspGlyAlahlaAlaMetPheArgAspValAspArgValleuPheleuAlaSer -~

CGGCACTAGCCACTACGCGACATTGGTGGGACGCCAATGGGTGGARAGCATTGTGGGGAT 1560
GlyThrSerHisTyraAlaThrLeuValGlyArgGlnTrpValGluSerIlevValGlyIle -

TCCGGCGCAGGCCGAGCTGGGGCACGAATATCGCTACCGGGACTCCATCCCCGACCCGLCG 1620
ProAlaGlnAlaGlulLeuGlyHisGluTyrArgTyrArgAspSerIleProAspProArg -~

s

t

u

I
CCAGTTGGTGGTGACCCTTTCGCAATCCGGCGAAACGCTGGATACTTTCGAGGCCTTGCG 1680
GlnLeuValValThrlLeuSerGlnSerGlyGluThrLeuAspThrPheGluAlaleuArg -

CCGCGCCAAGGATCTCGGTCATACCCGCACGCTGGCCATCTGCAATCTTGCGGAGAGCGE 1740
ArgAlalysAspleuGlyHisThrArgThrLeuAlallelysAsnValAlaGluSerala -~

CATTCCGCGGGCGTCGGCGTTGCGCTTCCTGACCCGGGCCGGCCCAGAGATCGGAGTGGC 1800
IleProArgAlaSerAlaleuArgPheleuThrArgAlaGlyProGlulleGlyvalala ~

CTCGACCAAGGCGTTCACCACCCAGTTGGCGGCGCTCTATCTGCTGGCTCTGTCCCTGGC 1860
SerThrLysAlaPheThrThrGlnLeuAlaAlaLeuTyrlLeuleuAlaLeuSerLeuAla -

CARAGGCGCCAGGGGCATCTGAACGATGTGCAGCAGGCGGATCACCTGGACGCTTGCGGCA 1920
LysAlaProGlyAlaSerGluArgCysAlaAlaGlyGlySerProGlyArgLeuBArgGln -~

ACTGCCGGGCAGTGTCCAGCATGCCCTGAACCTGGAGCCGCAGATTCAGGGTTGGECGGT 1980
LeuProGlyServalGlnHisAlaLeuAsnLeuGluProGlnileGlinGlyTrpAlaAla -

ACGTTTTGCCAGCAAGGACCATGCGCTTTTTCTGGGGCGCGGCCTGCACTACCCCATTGC 2040
ArgPheAlaSerLysAspHisAlaLeuPheleuGlyArgGlyLeuHisTyrProIleAla -

GCTGGAGGGCGCGCTGAAGCTCARGGAAATCTCCTATATCCACGCCGAGGCTTATCCCGC 2100
LeuGluGlyAlaleulysLeulLysGluIleSerTyrIleHisAlaGluAlaTyrProAla -

GGGCGAATTGAAGCATGGCCCCTTGGCCCTGGTGGACCGCGACATGCCCGTGETGGTGAT 2160
GlyGluLeuLysHisGlyProLeuhAlaleuValAspBArgAspMetProvValvalvallle -

CGLGCCCAATGACCGCCTCCTCGAMAAGCTGGCCGCCARCATGCAGGAAGTCCACGCCCG 2220
AlaProAsnAspArglLeuleuGlulysLeuAlaAlaAsnMetGinGluValHisAlaArg -

TGGCGGTGAGCTCTATGTTTTTGCCGATTCGGACAGCCACTTTAACGCCAGTGCGGGCGT 2280
GlyGlyGluLeuTyrValPheAlaAspSerAspSerHisPheAsnAlaSerAlaGlyVal -~
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GCATGTGATGCGTTTGCCCCGTCACGCCGGTCTCGCTCTCCCCCATCGTCCATGCTATCCC 2340
HisValMetArgLeuProArgHisaAlaGlyLeuleuSerProIleValHisAlaIlePro -

GGTGCAGTTGCTGGCCTATCATGCGGCGCTGGTGAAGGGCACCGATGTGGATCGACCGCG 2400
ValGlnLeuLeuAlaTyrHisAlaAlaLeuValLysGlyThrAspValAspArgProArg -

TAACCTCGCGAAGAGCGTGACGGTGGAGTAAT GGGGCGGTTCGGTGTGCCGGGTGTTGTT 2460
AsnLeulAlalLysSerValThrValGluEnd
End of glmS gene.

AARCGGACAATAGAGTATCATTCTGGACAATAGAGTTTCATCCCGAACAATARAGTATCAT 2520

CCTCAACAATAGAGTATCATCCTGGCCTTGCGCTCCGGAGGATGTGGAGTTAGCTTGCCT 2580
5
a
]
1
AATGATCAGCTAGGAGAGGATGCCEIGGCACGCCAACGCTACGGTGTCGACGAAGACCGG 2640
LeuAlaArgGlnArgTyrGlyValAspGluAspArg -
ORF3

GTCGCACGCTTCCAARAGGAGGGACGTGGTCAGGGGCGTGGCGCAGACTACCACCCCTGE 2700
ValAlaArgPheGlnLysGluGlyArgGlyGinGlyArgGlyAlaAspTyrHisProTrp -

CTTACCATCCAAGACGTGCCCTCCCAAGGGCGGTCCCACCGACTCARGGGCATCAAGACC 2760
LeuThrIleGlnAspValProSerGlnGlyArgSerHisArgleulysGlyIleLysThr -

GGGCGAGTGCATCACCTGCTCTCGGATATTGAGCGCGACATCTICTACCTGTTCGATIGG 2820
GlyArgValHisHisLeuleuSerAsplleGluArgAspIlePheTyrLeuPheAspTrp -

GCAGACGCCGTCACGGACATCCGCGAACAGTTTCCGCTGAATCGCGACATCACTCGCCGT 2880
AlaAspAlaValThrAspIleBArgGluGlnPheProLeuAAsnArghsplleThrArgArg -

ATTGCGGATGATCTTGGGGTCATCCATCCCCGCGATGTTGGCAGCGGCACCCCTCTAGTC 2940
IleAlaAspAspleuGlyValIlleHisProArghspValGlySerGlyThrProLeuval -

ATGACCACGGACTTTCTTGTGGACACGATCCATGATGGACGTATGGTGCAACTEGGCGLCGG 3000
MetThrThrAspPheleuValAspThrIleHisAspGlyArgMetvValGlnLeuaAlaarg -

GCGGTAAAMACCGGCTGAAGAACTTGAAAAGCCGCGGGTCGTCCGARARACTGGAGATTGAR 3060
AlavallLysProalaGluGluleuGlulysProArgValvalGlulysLeuGlulleGlu -

CGCCGTTATTGGGCGCAGCARAGGCGTGGATTGGGGCGTCGTCACCGAGCGGGACATCCCG 3120
ArgArgTyrTrpAlaGinGlnGlyValAspTrpGlyvValvalThrGluArgAspIlePro -

AAAGCGATGGTTCGCAATATCGCCTGGGTTCACAGTTATGCCGTAATTGACCAGATGAGC 3180
LysAlaMetValArgAsnlleAlaTrpValHisSerTyrAlavValIleAspGlnMetSer -

CAGCCCTACGACGGCTACTACGATGAGAAAGCAAGGCTGGTGTTACGAGAACTTCCGTCG 3240
GlnProTyrAspGlyTyrTyrAspGlulysAlaArglheuValleuArgGluLeuProSer -

CACCCGGGGCCTACCCTCCGGCAATTCTGCGCCGACATGGACCTGCAGTTTTCTATGTCT 3300
HisProGlyProThrLeuArgGlnPheCysAlaAspMetAspLeuGlnPheSerMetSer -

GCTGGTGACTGTCTCCTCCTAATTCGCCACTTGCTGGCCACGAAGGC TAACGTCTGTCCT 3360
AlaGlyAspCysleuleuleulleArgHisLeuLeuAlaThrLysaAlaAsnValCysPro -

b e 20 e I

ATGGACGGGCCTACGGACGACTCCAAGCTTTTGCGTCAGTTTCGAGTGGCCCGAAGGTGAA 3420
MetAspGlyProThrAspAspSerLysLeuLeuArgGInPheArgvValAalaGluGlyGlu -
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3421 TCCAGGAGGGCCAGCGGATGAGGGATCTGTCGGTCAACCAATTGCTGGAATACCCCGATG 3480
SerArgArgAlaSerGlyEnd

ol B v ]

I
3481 AAGGGAAGATCGAARAGGATCC 3501
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Fig. 3.7. Alignment of C-terminal 120 UDP-N-acetylclucosamine pyrophosphorylase (GlmU)
of E.coli, (E_c) and B.subtilis (B_s) to GImU from T ferrooxidans. Amino acids are identified
by their single letter codes and the sequences are read from the amino to the carboxyl

terminal. The consensus amino acids to T ferrooxidans gimU are in bold.

251 300
T_f DP NVLFVGEVHL GHRVRVGAGA
E c DT NVIIEGNVTL GHRVKIGTGC
B_s YP GTVIKGEVQI GEDTIIGPHT
301 350
T_f VLQDARIGDD VEILPYSHIE GAQIGAGARI GPFARIRPGT E.IGERHIGN
E_c VIKNSVIGDD CEISPYTVVE DANLAAACTI GPFARLRPGA ELLEGAHVGN
B_s EIMNSAIGSR TVIKQ.SVVN HSKVGNDVNI GPFAHIRPDS VIGNEVKIGN
351 400
T f YVEVKAAKIG AGSKANHLSY LGDAEIGTGV NVGAGTITCN YDGANKHRTI
E_c FVEMKKARLG KGSKAGHLTY LGDAEIGDNV NIGAGTITCN YDGANKFKTI
B s FVEIKKTQFG DRSKASHLSY VGDAEVGTDV NLGCGSITVN YDGKNKYLTK
401 450
T_f IGNDVFIGSD SQLVAPVNIG DGATIGAGST ITKEVPPGGL TLSRSPQRTI
E_c IGDDVFVGSD TQLVAPVTVG KGATIAAGTT VTRNVGENAL AISRVPQTQK
B s IEDGAFIGCN SNLVAPVTVG EGAYVARGST VTEDVPGKAL ATARARQVNK
451
T_f PHWQRPRRDK
E_c EGWRRPVKKK
B s DDYVKNIHKK
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3.4.3. Glucosamine synthetase gene.

A second complete open reading frame (ORF-2) of 1.83 kb is shown in Fig. 3.5. A BLAST
search of the GenBank and EMBL data bases indicated that ORF-2 was homologous to the
gimsS gene product of E.coli (47.8 % identical amino acids in the predicted protein sequences),
Haemophilus influenza (51.9%), Bacillus subtilis (39.1%), Saccharomyces cerevisiae (39.4 %)
and Mycobacterium leprae (42.2 %). An interesting observation was that, the T ferrooxidans
gImS gene had comparatively high homology sequences to the Rhizobium leguminosarum and
Rhizobium meliloti nodulation protein M; the amino acid identity to each was 44% and 43.6%
respectively. A consensus Shine Dalgarno sequence (AGGAG) upstream of the start codon
(ATG) is highlighted in Fig. 3.5. No E.coli ¢’*-type promoter consensus sequence was
detected in the 200 bp preceding the start codon. Based on the short intergenic distance
between the two genes and the absence of any promoter consensus sequence, Plumbridge et
al. (1993) suggested that the E.coli glmU and gimS$ genes were co-transcribed. In the case of
the gimU-glmS region of the T ferrooxidans, the situation appears to be similar. The sequences
obtained have very high homology to six other amidotransferases (Fig. 3.8) which are
designated purF-type (named after the purF-encoded glutamine phosphoribosyl pyrophosphate

amidotransferase) Zalkin and Weng, (1987).

The glutamine amide transfer domain of approximately 194 amino acid residues is at the NH,
terminus of the protein chain. Zalkin and Mei (1989), using site-directed mutagenesis to
replace several of the 9 invariant amino acids in the glutamine amide transfer domain of
glutamine phosphoribosylpyrophosphated amidotransferase indicated in their report that, a

Cys'-His'®'-Asp® catalytic triad is involved in the glutamine amide transfer function of these
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Fig.3.8. Comparison of the amino acid sequence alignment of glucosamine-6-phosphate

amidotranferases (GFAT) of Rhizobium meliloti (R_m), Rhizobium leguminnosarum (R_1),

E.coli (E_c), H.influenzae (Hae_in), Mycobacterium leprae (M_l), B.subtilis (B_s) and

S.cerevisiae (S_c) to that of T ferrooxidans T_f). Amino acids are identified by their single

letter codes . The asterisks (*) represent homologous amino acids of 7. ferrooxidans glmS to

at least two of the other organisms. Consensus amino acids to all eight organisms are

highlighted (bold and underlined).
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enzymes. His'", which has been suggested by the authors to increase the nucleophilicity of
Cysl is believed to form a glutamine enzyme covalent intermediate. In these enzymes, the
essential cysteine required for the formation of the covalent glutaminyl intermediate is the
NH,-terminal residue in the mature enzyme. The translated sequence of the T ferrooxidans

192_Asp® which corresponds closely to the catalytic triad

glmsS gene revealed a triad of Cys'-His
of the glutamine amide transfer domain suggested by Zalkin and Mei, (1990). Lys603, which
is conserved in the C-terminal sequences of E.coli, Saccharomyces cerevisiae, and nodulation
protein NodM from Rhizobium (Surin and Downie, 1988) is also conserved in the same
position in the gimS of T.ferrooxidans (seen as Lys721 in Fig. 3.8). In fact, the last 12 amino
acid of all the amidotransferases (Fig. 3.8) are highly conserved. GImS has been found to be
inactivated by iodoacetamide (Badet ef al., 1987), the glutamide analogue 6-diazo-5-
oxonorleucine (Badet ef al., 1987), and N* -fumaroyl-L-2,3-diaminopropionate derivatives
(Kucharczyk et al., 1990), thus offering a potential target for antibacterial and antifungal
agents (Andruszkiewicz et al., 1990; Badet-Denisot ef al., 1993). Whether that is also the case
for the T.ferrooxidans glmS gene is worth investigating considering the high amino acid

sequence homology to the other gimS genes and the need to control 7 ferrooxidans growth

to reduce pollution arising from acid mine drainage.

3.4.4. Complementation of E.coli CGSC 5392 bv T.ferrooxidans ATCC 33020 glmS pene.

The complementation of an E.coli gimS mutant for growth on LA to which no N-acetyl
glucosamine had been added is given in Table 3.1. As indicated earlier, the complete
T ferrooxidans glmS gene was cloned as a 3.5 kb BamHI-BamH]I fragment of p818.20 into

pUCBM20 and pUCBM21 (p818.16f and p818.16r). In both constructs, the gimS gene is
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Table 3.1. Complementation of E.coli gimS mutant CGSC 5392 by various constructs

containing DNA fragments downstream the T ferrooxidans ATCC 33020 unc operon.

Construct Results
p818.16f +
p&18.16r +
p818.1 -
p818.20 -
pTfapl -
pTfatp2 -
pUCBM20 -
pUCBM21 -

+ complementation - non-complementation
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Fig 3.9. Deduced phylogenetic relationships between acetyl/acyltransferases
(amidotransferases) which had high sequence homology to the T ferrooxidans gimS gene;
Rhizobium meliori (Rhime), R.leguminosarum (Rhilv), E.coli (Iéc), H.influenzae (Haein)

T ferrooxidans (TY), S.cerevisiae (Sacc), M.leprae (Mycle), and B.subtilis (Bacsu).
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4.3. Materials and Methods.

4.3.1. Bacterial strains and plasmids.

Bacterial strains and plasmids used were the same as in Chapter 3. Media and solutions (as
in Chapter 3) can be found in Appendix 2. Plasmid DNA preparations, agarose gel
electrophoresis, competent cell preparations, transformations and recombinant DNA techniques
were all carried out as in Chapter 3. Probe preparation, Southern blotting, hybridization and
DIG detection methods were as in Chapter 2. The same procedures of nucleotide sequencing

and DNA sequence analysis described in Chapters 2 and 3 were used.

4.3.2. DNA constructs, subclones and shortenings.

(see Figs. 4.5 and 4.6)

4.3.2.1. Construct p818.52

Plasmid p818.52 is a Kpnl-Sall subclone of p8§18.20 in the Bluescript vector KS (1.7 kb) and
was described in Chapter 2 where it was used to prepare the probe for Southemn hybridization.
DNA sequencing was from both the Kpnl (p818.52r) and from the Sall restriction sites

(p818.52f).

4.3.2.2. Construct p818.09.
Construct p818.09 was made by EcoRI-HindIll digestion of p818.20. The resulting fragment
(about 4.2 kb) was then ligated to a Bluescript vector KS+ (restricted with the same

enzymes). DNA sequencing was carried out from the EcoRI end of the construct.
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4.3.2.3. Plasmid p818.10 and its shortenings.

The 4.0 kb EcoRI-Clal fragment of p818.1AE cloned into Bluescript was called p818.10.
Exonuclease Il shortening of the fragment was based on the method of Heinikoff (1984). The
vector was protected with Apal, and Clal was used as the susceptible site for exonuclease 111
Another construct p818.10EM was made by digesting p818.10 and pUCBM20 with Mlul and

EcoRI and ligating the approximately 1 kb fragment to the vector.

4.3.2.4. p818.11
A 2.5 kb Apal-Clal restriction digest of p818.1AE was cloned into Bluescript vector KS+ and

sequenced from both ends.
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4.4, Results and discussion.

4.4.1. Analysis of the sequences downstream the glmS gene.

A comparison of the nucleotide sequences of the g/lmS gene termini (approximately 170 bp
downstream) between 7. ferrooxidans and E.coli is shown in Fig. 4.1. This region includes the
attTn7 site of Tn7 insertion within the chromosome of E.coli and the imperfect inverted
repeat sequences of Tn7 (Fig. 4.3). There was marked homology at both the nucleotide and
amino acid sequence levels within the g/mS$ gene but this homology decreased substantially
beyond the stop codon. The "GCGGG" which has been associated with target duplication at
the insertion at a#fTn7 by Tn7 in E.coli (Lichtenstein and Brenner, 1982) appears as
"CCGGG" in T.ferrooxidans (bold and underlined in Figs.4.1 and 4.2). The two sequences
"CCGGG" and "GCGGG" are almost equidistant from their respective glmS translational stop
codons. The alignment of Tn7 and the Tn7-like transposon indicated that although there is
some homology between the transposons in the regions which includes the imperfect inverted
repeats sequences, the homology appears to be random thereafter (Fig. 4.1). The inverted
repeats of Tn7 are very similar to the inverted repeats of the Tn7-like element of
T.ferrooxidans with gAcaAtagAgt*tcat*c**aa (Fig. 4.3) being conserved in the eight repeats
(four each). The transposon was registered with Esther Lederberg of Stanford University,

California, as Tn5468.

A search on the databases (GenBank and EMBL) with the nucleotide sequence downstream
of those in Fig. 4.1 showed high homology to the TnsA protein of Tn7 (Fig. 4.4). Comparison

of the predicted amino acid sequence of the TnsA-like protein of Tn5468 to the predicted
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Fig. 4.1

Alignment of the DNA sequence of the Tn7-like element in
T.ferrooxidans to the E.coli Tn7 sequence at the site of
insertion into the transcriptional termination site of
glm5. The intermittent homclogy shown below occurs within
the imperfect inverted repeats {(underlined) of both the
Tn7-like element and transposon Tn7 (Fig. 4.3). Homology
becomes random just before the end of their corresponding

imperfect repeats.

T V B * %
10 20 30 40 50 60
Ec.Tn7 ACGGTTGAGTAATAAATGGATGCCCTGCGTARCGGGGTGTGGGCGGACAATARAGTCTTA
PLURL TR Prrrt R PEEEERETE b bl
Tf.7- ACGGTGGAGTAATGGGGCGGTTCGGTGTGCCGGETGTTGTTAACGGACAATAGAGTATCA
{like) 10 20 30 40 50 60

70 80 90 100 110 120
Ec.Tn7 AACTGAACARAATAGATCTARACTATGACAATAAAGTCTITAARCTAGACAGAATAGTTGT
rerrre e b b ool R |

TL.7- IICTGGACRATAGACTITCATCCCGARACARTAAAGTATCATTCCTCARCCARTAGAGTAT
{like) 70 80 30 160 110 120

130 140 150 160 170 180

Ec.Tn7 AAACTGAAATCAGTCCAGTTATGCTGTGAAARAGCATACTGGACTTTTGTTATGGCTARA
bl oo | l | P

TE.7- CATCCTGGCCTTGCGCTCCGGAGCGATGTGGAGTTAGCTTGCCTAATGATCAGCTAGGAGA
{like) 130 1490 150 160 170 180



Fig. 4.2. DNA sequences at the 3' end of the E.coll glmS gene and the tnsa

proximal of transposon Tn7 compared to the DNA sequences at the 3'end of the
T.ferrooxidans glmS gene and the proximal end of the Tn7-like transposon. {a)
DHA sequence determined in the E.coll strain GD92::7Tn7 in which Tn7 has been

inserted into the glmS transcriptional terminator (Walker et al., 1986).
Nucleotide 38 onwards are the sequence of the left end of Tn7. (b} DNA

sequence determined in 7. ferrcoxidans strain ATCC 33020 with the insertion of

the Tn7-like transposon at the transcriptional termination site of the g¢glmS
gene. Also shown are the 22 bp imperfect repeats of the Tn7-like transposcn as
well as the region where homelogy to the TnsA protein begins. A good Shine

Dalgarno sequence 1s ghown immediately upstream of what appears to be the TTG

initiation codon for the transposon.

{a)

(b)

gimS :
TV E ® ® pecommage «ge-{in/ . e
AGGTTEAGTAATAAATG GATS COCTG CRTAMGCG GGOGCACAATAMGTCTTAMACTG AACAAAATAGATCTAAACTATGACA
10 in 30 ‘40 i L 76 - 8 90
' t Tn7URF1
- 35 pLE =10 I 5“ ¥ 4 K
ATAAAGTCTTAMCT MG ACAG ALT) W%@Ammmmm
100 110 130 1 0 160 110 180

A XSS P®S$gygqgqiaigeIEEGRGQEEGaEKDTYIPYL
mmmmmmcmrmmmwmmmmmummmwn
150 200 310 220 230 150 250 370

TY @EEY? g g ¢g R ¥ B I Y S RBETGERVY Z 8 L LS DBDLE

ACAG TACAMD AT T O IO TOAG GO TTCCCACO TAT TTATTCITATAMG ACD GOACB AGTCCATCATT TG CTATCIGACT TAGAG .

E %0 300 310 $30 $36 . se 8350 360

gims _ __ _, 4 - Tn7-like

ACGGTGGAGT GGGGCGEGTTCGETGTGCCGEEIGTTGTTAACGGACAATAGAGTATCA

10 20 30 40 50 60
T v E *
i’mCAATAGAGTTTCATCCCGAWMCMTAGAGTATCA

70 80 100 110 120

TCCTGGCCTTGCGCTCCGGAGGATGTGGAGTTAGCTTGCCTAATGATCAGCTAGGAGAGG
130 140 150 160 170 180

ATGCCTITGGECACGCCAACGCTACGGTCTCGACGARGACCGGGTCGCACGC TTCCARAAGG
1s0 - 200 210 220 230 240

L & R Q R ¥Y 6 VD ED R V A R F @ K E ~

AGGGACGTGGTICAGGGGCGTIGGCGCAGACTACCACCCCTGGCTTACCATCCAAGACGTGC
250 260 270 280 290 300

G R G ¢ G R G A D Y HP W L T I QD V P~

CCTCCCAAGGGCGETCCCACCGACTCAAGGGCATCAAGACCGGGCGAGTGCATCACCTGC
310 320 330 340 350 360

§ ¢ G R 8 H R L K G I X T G RV HHEL L-
TCTCGGATATTGAGCGCGACA

370 s
$ D I E R D -

90



Fig. 4.3.

Inverted repeats:

the four tnsA proximal inverted repeats of Tn7. Consensus
bases among the four different repeats are highlighted.
(b) Alignment of the nucleotide sequences of four proximal

repeats of the Tn7-like element from T.ferrooxidans.

Nucleotide sequence alignment of the consensus bases

of Tn7 repeats with that of the Tn7-like element. The
nucleotide bases marked with asterisks have equal presence
out of four) with the nucleotide beneath it.

{a) TN7

REPEAT
REPEAT
REPEAT

REPEAT

CONSENSUS NUCLEOTIDES

(b) TN7-LIKE

REPEAT

REPEAT

REPEAT

REPEAT

CONSENSUS

Transposon

{all four)

™n7

Tn7-like element

GACAATAAAG
AACAMAATAG
GACAATAARG
GACAATAAAG

gACAAtAaAG

GACAATAGAG
GACAATAGAG
AACAATAAAG
AACAATAGAG

gACAATAGAG
¥

a

TCTTAAACTG
ATCTAAACTA
TCTTAAACTA
TCTTAAACTA

tctTAAACTa

TATCATTCTG
TTTCATCCCG
TATCATCCTC
TATCATCCTG

TaTCATcCtg
*

a

{(c)

TG
GA
GA

*a

2

2

aa
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Alignment of the sequences of

{2

GAcaAtagAg tttcatTccc ga
gACAATAgGAG TaTCATcCtg aa
gAcaAtagAg t*tcat*c** aa
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Fig. 4.4. Results of the BLAST search obtained using the DNA sequence
downstream of the glmS gene from 2420-3502. Consensus aminc acids are in
bold.

Reading High

Probability

Sequences producing High=-scoring Segment Pairs: Frame Score P (N}
SplPlSSSS{TNSA_ECOLI TRANSPOSASE FOR TRANSPOSON TN7. ... +3 302 1.le-58
pir|JS0585]J50585 transposition protein A - Escher... +3 302 1.6e-58
piris5031331503133 transposase - Escherichia coli t... +3 302 3.8e-38
piri5185871518587 hypothetical protein 2 -~ Thicbac... +3 190 8.8e-24

>3p|P13988 | TNSA ECOLI TRANSPOSASE FOR TRANSPOSON TN7. >pir|S512637(812637
tnsA protein - Escherichia colil transposon Tn7 >gpl|X17693{ISTNTTNS 1
Transposon Tn7 transposition genes tnsA, B, C, D and E.[Escherichia coli]
Length = 273

Plus Strand HSPs:

Score = 302 (138.9 bits), Expect = 1.le-58, Sum P(3) = 1.le-58
Identities = 58/102 (56%), Positives = 71/102 (69%), Frame = +3

Query: 189 LARQRYGVDEDRVARFQKEGRGQGRGADYHPWLTIQDVPSQGRSHRLKGIKTGRVHHLLS 368

+A+ E ++AR KEGRGQG G DY PWLITHQ+VPS GRSHR+ KTGRVHHLLS
Sbict: 1 MAKANSSFSEVQIARRIKEGRGQGHGKDYIPWLTVQEVPSSGRSHRIYSHKTGRVHHLLS 60
Query: 369 DIERDIFYLFDWADAVIDIREQFPLNRDITRRIADDLGVIHP 494
D+E  +F +W +V DIREQFPL TR+IA D G+ HP
Sbijct: 61 DLELAVFLSLEWESSVLDIREQFPLLPSDTRQIAIDSGIKHP 102

Score = 148 ({68.1 bits), Expect = 1.le-58, Sum P(3) = 1l.le-58
Identities = 27/61 (44%), Positives = 39/61 (63%), Frame = +3

Query: 558 DGRMVQLARAVKPAEELEKPRVVEKLEIERRYWAQQGVDWGVVTERDIPKAMVRNIAWVH 737
DG Q@ A VEPA L+ R +EKLEHERRYW Q+ + W + T4+4I + NI W+t
Sbhijct: 121 DGPFEQFAIQVKPAAALODERTLEKLELERRYWQQKQIPWFIFTDKEINPVVKENIEWLY 180

Query: 738 5§ 740

5
Sbjct: 181 § 181
Score = 44 (20.2 bits), BExpect = 1.le~58, Sum P(3) = 1l.le-58
Identities = 9/13 (69%), Positives = 10/13 (76%), Frame = +3
Query: 510 GTPLVMTTDFLVD 548

G VM+TDFLVD
Sbjct: 106 GVDQVMSTDFLVD 118

>pir|$5185871818587 hypothetical protein 2 - Thiobacillus ferrocoxidans
>gp | X57326 | TFMERRCG_4 T.ferrcoxidans merR and merC genes.
[Thiobacillus ferrooxidans]
Length = 138

Plus Strand HSPs:

Score = 180 (87.4 bits), Expect = B.8e-24, Sum P(2) = 8.8e-24
Identities = 36/59 (61%), Positives = 43/59 (72%), Frame = +3

Query: 225 VARFQKEGRGQGRGADYHPWLTIQDVPSQGRSHRLKGIKTGRVHHLLSDIERDIFYLFD 401
+AR EKEGRGQG Y PWLTHDVPSHG S R+HKG KTGRVHHLLS +E F+D
Sbjct: 13 IARRLKEGRGQGSEKSYKPWLTVRDVPSRGLSVRIKGRKTGRVHHLLSQLELSYFLMLD 71


http:E:KLE+ER.R.YW

Score = 54 (24.8 bits), Expect = 8.8e-24, Sum P(2) = 8.8e-24
Identities = 11/13 (84%), Positives = 11/13 (84%), Frame = +3

Query: 405 ADAVTDIREQFPL 443
A VIDIREQFPL
Sbjct: 75 AGCVTDIREQFPL 87
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Fig. 4.5. (a) Alignment of the amino acid sequence of Tn5468 (which had
homology to TnsA of Tn7, Fig. 4.4) to the amino acid sequence of ORF2
(between the merR genes of T.ferrooxidans strain E-15). ORF2 had been found
to have significant homology to TnsA of Tn7 (Kusano et al., 1991). (b)
Alignment of the amino acids translation of Tn5468 (above) to TnsA of Tn7.
{(c) Alignment of the amino acid sequence of TnsA of Tn7 to the hypothetical
ORF2 protein of 7T.ferrooxidans strain E-15.

{a)

Percent Similarity: 60.000 Percent Identity: 44.444

Tf Tnb5468 1 LARQRYGVDEDRVARFQKEGRGQGRGADYHPWLTIQDVPSQGRSHRLKGI 50
SO I O N R O R O I T T B B N
Tf E-15 1 MSKGSRRSESGAIARRLKEGRGOGSEKSYKPWLTVRDVPSRGLSVRIKGR 50
TEf Tn5468 51 KTGRVHHLLSDIERDIFYLFD. .WADAVIDIREQFPLNR.DITRRIADDL 97
NN boasb o sbe T 0
Tf E-15 51 KTGRVHHLLSQLELSYFLMLDDIRAGCVTDIREQFPLTPIETTLEIADIR 100
Tf Tn5468 98 GVIHPRDVGSGTPLVMTTDFLVDTIHDGRMVQLARAVKPAEELEKPRVVE 147
I [ [ T Y -
Tf E-15 101 CAGAHRLVDDDGSVC...... VDLNAHRRKVQAMRIRRTASGDQ ...... 138
(b)
Percent Similarity: 59.542 Percent Identity: 42.366
Tf Tn5468 1 LARQRYGVDEDRVARFQKEGRGQGRGADYHPWLTIQDVPSQGRSHRLKGI 50
tl: S 2 I A I I T U O O U O O O O
TnsA Tn7 1 MAKANSSFSEVQIARRIKEGRGQGHGKDYIPWLTVQEVPSSGRSHRIYSH 50
Tf Tn5468 51 KTGRVHHLLSDIERDIFYLFDWADAVTDIREQFPLNRDITRRIADDLGVI 100
I T O T O O T O - T I Porrbrretd I T I T O O
TnsA Tn7 51 KTGRVHHLLSDLELAVFLSLEWESSVLDIREQFPLLPSDTRQIAIDSGIK 100
Tf Tn5468 101 HPRDVGSGTPLVMTTDELVDTIHDGRMVQLARAVKPAEELEKPRVVEKLE 150
I AR N R R
TnsA Tn7 101 HP..VIRGVDQVMSTDFLVD .CKDGPFEQFAIQVKPAAALQDERTLEKLE 147
TEf Tn5468 151 IERRYWAQQGVDWGVVTERDIPKAMVRNIAWVHSYAVIDQMSQPYDGYYD 200
NS N A R N tre]
TnsA Tn7 148 LERRYWQQKQIPWFIFTDKEINPVVKENIEWLYS VKTEEVSAELLAQLS 196
Tf Tn5468 201 EKARLVLRELPSHPGPTLRQFCADMDLQFSMSAGDCLLLIRHLLAT. 246
[o: I - N
TnsA Tn7 197 PLAHI.. LQEKGDENIINVCKQVDIAYDLELGKTLSEIRALTANGFIK 242
TEf Tnb5468 247 ....... KANVCPMDGPTDDSKLLRQFRVAEGES 273

o : ot
TnsA Tn7 243 FNIYKSFRANKCA DLCISQVVNMEELRYVAN 273



{c)

Percent Similarity: 66.667 Percent Identity: 47.287

TnsA Tn7 1 MAKANSSFSEVQIARRIKEGRGQGHGKDYIPWLTVQEVPSSGRSHRIYSH 50
bl AR R R A A R I I I A

Tf E-15 1 MSKGSRRSESGAIARRLKEGRGQGSEKSYKPWLTVRDVPSRGLSVRIKGR 50

TnsA Tn7 51 KTGRVHHLLSDLELAVFLSLE..WESSVLDIREQFPLLPSDTR.QIA.ID $6
I S O T N T T S T I T A O T O O N T O T R O Y B

Tf E-15 51 RTGRVHHLLSQLELSYFLMLDDIRAGCVIDIREQFPLTPIETTLEIADIR 100

TnsA Tn7 97 SGIKHPVIRGVDQVMSTDFLVDCKDGPFEQFAIQVKPA., .. .. 134
- HE A | LRI I : fe 1
Tf E-15 101 CAGAHRLVDD .DGSVCVDLNAHRRKVQ. ... RIRRTASGDQ 138

95
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Apal  EcoRi EcoRl
psw.ﬂJ, T i~._\ T I ,1— p8i8.1
0 20 45 kb '
- E : z _
a3 o0 E g g = = R E S T
O A S ol I
- [ |
L J ] ‘ ] ] , s“‘f p818.20
g%” 4 §%H|§§|H diit 8 10 kb
kA l_(ﬂ;l Sall p818.16
BamHi BamHi an_, 818.52
TnsB TnsC P )
Hindli
Uy sy
p818.09

TnsD

Fig. 4.6. Restriction map of p818.1 and construct p818.20 showing the various restriction sites
on the fragments. The subclones p818.16, p818.52 and p818.09 and the regions which

revealed high sequence homology to TnsA, TnsB, TnsC and TnsD are shown below construct

p818.20.
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. I p818.1
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Mlqi~'6|al Apal  Clal 818.1AE
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Eofl e qa o ‘ ]
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. ) p818.101
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Eco . p818.103
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Eco o o p818.104
_____ . . — pa18.11
TnsD TnsD RecG SpeT

Fig. 4.7. Restriction map of cosmid p
subclones used to search for sequ

shown is construct p818.1

H.influenzae SpoT and RecG proteins at the ends.

818.1AE showing the constructs, shortenings and
ence homology to the TnsD and TnsE proteins of Tn7. Also

1 which showed good amino acid sequence homology to E.coli and
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Tn7 (Orle and Craig, 1991). Homology of the sequence from the Kpnl site of p818.52 to
TnsB begins with the third amino acid (Y) corresponding to amino acid 270 of TnsB. The
amino acid sequences are highly conserved up to amino acid 182 for Tn5468. Homology to
the rest of the sequence is lower but clearly well above background (Fig. 4.8). The region of
TnsB to which homology was found falls approximately in the middle of the TnsB of Tn7
with about 270 amino acids of TnsB protein upstream and 320 amino acids downstream.
Another interesting observation was the comparatively high homology of the p818.52r

sequence to the Tra3 transposase of TnS52 (Fig. 4.8).

The TnsC protein of Tn7 binds non-specifically to the DNA in the presence of ATP and is
required for transposition (Orle and Craig, 1991). It is 555 amino acids long. Homolgy to
TnsC from Tn7 was found in a single frame which extended for 81 amino acids along the
sequence obtained from p818.52. The region of homology corresponded to amino acids from
163 to 232 of TnsC. Analysis of the size of p818.52 (1.7 kb) with respect to the regions of
homology to TnsB and TnsC of Tn7 suggests that the size of the Tn5468 TnsB and C like
ORFs correspond to those found in Tn7. On average, about 40-50% identical and 60-

65% similar amino acids were revealed in the BLAST search (Fig. 4.9).

4.4.3. Homology to TnsD protein.

The location of construct p818.09 and p818.10 is shown in Figs. 4.6 and 4.7 respectively. The
DNA sequences obtained from the EcoRI sites of these constructs were joined (after inverting
and complementing the sequence of p818.09). In this way, 799 bp of sequence which had

been determined from one or other strand was obtained. The results of the BLAST search
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Fig. 4.8. (a) The results of the BLAST search of the DNA
sequence obtained from p8l18.52r (from the Kpnl site) showing
clear homology to the TnsB protein of Tn7. The amino acid
sequence also showed high homology to Tra3 transposase of
transposon Tn552. (b) Nucleotide sequence of p8l18.52 and the
product of the open reading frame.

(a)
Reading High Proba

Sequences producing High~scoring Segment Pairs: Frame Score P(N)
splP13989|TNSB_ECOLI TRANSPOSON THN7 TRANSPOSITION PROT... +3 316 3.le-37
splP22567 | ARGA_PSEAE AMINO-ACID ACETYLTRANSFERASE (EC ... +1 46 0.00038
sp|P18416 | TRA3 STAAU TRANSPOSASE FOR TRANSPOSON TNB552 ... +3 69 0.028
sp|P03181|YHL]1 EBV HYPOTHETICAL BHLF1 PROTEIN. -3 37 0.060
sp|P0OB382|ICP4 _HSV11 TRANS-ACTING TRANSCRIPTIONAL PROT... +1 45 (.082
splP13989|TNSB_ECOLI TRANSPOSON TN7 TRANSPOSITION PROTEIN TNSB.

Length = 702

Plus Strand HSPs:

Score = 316 (145.4 bits), Expect = 3.le-37, P = 3.le-37

Identities = 59/114 (51%), Positives = 77/114 (67%), Frame = +3

Query: 3 YQIDATIADVYLVSRYDRTKIVGRPVLYIVIDVESRMITGVYVGFEGPSWVGAMMALSNT 182

Y+IDATIADHYLY +DR KI4GRP LYIVIDVEFSRMITG Y+GFE PS+V AM A N
Sbict: 270 YEIDATIADIYLVDHHDRQKIIGRPTLYIVIDVFSRMITGFYIGFENPSYVVAMQAFVNA 329

Query: 183 ATEKVEYCRQFGVEIGAADWPCRPCPTLSRRPGREIAGSALRPFINNFQVRVEN 344
++K C Q +EI HDWPC P+ E+ + +++F VRVE+
Sbict: 330 CSDKTAICAQHDIEISSSDWPCVGLPDVLLADRGELMSHQVEALVSSFNVRVES 383

sp|P18416|TRA3_STAAU TRANSPCOSASE FOR TRANSPOSON TN552 (ORE 480).
Length = 480

Plus Strand HSPs:

Score = 69 (31.7 bits), Expect = (.028, Sum P(2) = 0.028
Identities = 14/48 (29%), Positives = 24/48 (50%), Frame = +3

Query: 51 DRTKIVGRPVLYIVIDVFSRMITGVYVGFEGPSWVGAMMALSNTATEK 154
P+ + RP L I++D 48R I G ++ F+ P+ + L K
Sbict: 176 DQKGNINRPWLTIIMDDYSRAIAGYFISFDAPNAQNTALTLHQAIWNK 223

Score = 36 (16.6 bits), Expect = 0.028, Sum P(2) = 0.028
Identities = 5/15 (33%), Positives = 11/15 (73%), Frame = +3

Query: 3 YQIDATIADVYLVSR 47
+O D T+ DHYHE +
Shijct: 163 WQADHTLLDIYILDQ 177



{b)

GGTACCAGATCGACGCGACCATCGCGGACGTGTACCTGGTATCGCGATATGACCGTACAA
10 20 30 40 50 60
Yy ¢ I p AT I A DV Y L VvV 5 R Y D R T K

AGATCGTCGGACGCCCGGTGCTCTATATCGTCATCGACGTGTTCAGCCGCATGATCACCG
70 80 90 100 110 120
I vV 6 R P V L Y I VvV I D V F 8 R M I T G

GCGTGTATGTGGGGTTCCGAGGGACCTTCCTGGETCEGGGCGATGATGGCCCTGTCCAACA
130 140 150 160 170 180
v ¥y vV 6 F E G P § W V G A MM A L § N T

CCGCCACGGAARAGGTGGAATATTGCCGCCAGTTCGGCGTCGAGATCGGCGCGGCGGACT
180 200 210 220 230 240
A T E K VvV E Y C R Q F GGV E I G A A D W

GGCCGTGCAGGCCCTGCCCCGACGCTTTCTCGGCGALCGGGGAGAGAGATTGCCGGCAGCG
250 260 270 280 290 300
P ¢C R P C P T L S R R P G RE I A G S5 A

CATTGAGACCCTTTATCARCAACTTCCAGGTGCGGGTGGAARAC
310 320 330 340
L R P F I N N F Q V R V E N -

101
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Fig. 4.9. {a) Results of the BLAST search on the inverted and complemented
nucleotide sequence of pB8l8.52f {(from the $all site). Results indicate high
amino acid sequence homology to the TnsC protein of Tn7 (protein E is the
same as TnsC protein). (b} The nucleotide sequence and open reading frame
of pBlB.52f.

Reading High Prob

Sequences producing High-scoring Segment Pairs: Frame Score P({N}
pir|B25543 | QQECE7 hypothetical protein E - Escher... +1 176 1.5e-20
gplX04492|ISTNTEUR 1 Transposon Tn7 fragment E with ... +1 176 1.5e-20

spiPOSSéGETNSC_ECOﬁI TRANSPOSON TN7 TRANSPOSITICN PR... +1 176 6.4e-20
gplU41011ICELD2024_7 D2024.8 gene product [Caenorhab... +3 59 1.7e-06

piriB25543|QQECE7 hypothetical protein E ~ Eacherichia coli transposon Tn7
{fragment)
Length = 294

Plus Strand HSPs:

Score = 176 (81.0 bits), Expect = 1.5e-20, Sum P(2) = 1.5e-20
Identities = 29/70 (41%), Positives = 51/70 (72%), Frame = +1

Query: 34 SLDQVVWLKLDSPYKGSPKQLCISFFQEMDNLLGTPYRARYGASRSSLDEMMVOMAQMAN 213
+HHQVVHLEHD + GS KHHCHFF+ D LG+ ¥ RYG R 44+ M+ MEQMAN
Sbijct: 163 NVEQVVYLKIDCSHNGSLKEICLNFFRALDRALGSNYERRYGLKRHGIETMLALMSQIAN 222

Query: 214 LQOSLGVLIVD 243
+LGHL++D
Sbjct: 223 AHALGLLVID 232
Score = 40 (18.4 bits), Expect = 1.5e~20, Sum P({2) = 1.5e-20
Identities = 6/9 (66%), Positives = 8/9 (88%), Frame = +1
Query: 1 YPQUVHHAE 27
YeOvV++H E
Sbict: 153 YPQVIYHRE 161
(b)

1 TATCCGCARAGTCGTCCACCATGCCGAGCCCTTCAGTCTTGACCAAGTGGTCTGGCTGARAG 60
10 20 30 40 50 60
Y P Q vV V H H A E P F 8 L D ¢ VvV ¥V W L K -

61 CTGGATAGCCCCTACAAAGGATCCCCCAAACAACTCTGCATCAGCTTTTTCCAGGAGATG 120
70 80 90 100 110 120
L b 8 P ¥ K G 8§ P K @ L C I § F F @ E M -

121 GACBATCTATTGGGCACCCCGTACCGCGCCCGGTACGGAGCCAGCCGGAGTTCCCTGGAC 180

130 140 150 160 170 180
D N L L G T P Y R A R Y G A § R 8§ 8 L D -

181 GAGATGATGGTCCAGATGGCGCAAATGGCCAACCTGCAGTCCCTCGGCGTACTGATCGTC 240
190 200 210 220 230 240
E M MV g M A M ANILQ S L G V L I V -

241 GAC. 244

D e
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using the GenBank and EMBL databases of the joined DNA sequences and open reading
frames are shown in Fig. 4.10a and 4.10b respectively. Homology of the TnsD-like of protein
of TnS5468 to TnsD of Tn7 (amino acid 68) begins at nucleotide 38 of the 799 bp sequence
and continues downstream along with TnsD of Tn7 (A, B, C, E, Fig. 4.11). However,
homology to a region of Tn5468 TnsD marked D (Fig. 4.11, 384-488 bp) was not to the
predicted region of the TnsD of Tn7, but to a region further towards the C-terminus (279-313,

Fig. 4.11). Thus it appears there has been a rearrangement of this region of Tn5468.

Because of what appears to be a rearrangement of the Tn5468 tnsD gene, it was necessary to
show that this did not occur during the construction of p818.1AE or p818.10. The 12 kb

fragment of cosmid p818.1 from the Bg/lI site to the HindIll site (Fig.2.1) had previously
been shown to be natural unrearranged DNA from the genome of T.ferrooxidans ATCC 33020
(Chapter 2). Plasmid p818.1AE had been shown to have restriction fragments which
corresponded exactly with those predicted from the map of p818.1 (Fig. 4.12) including the
EcoRI-Clal p818.10 construct (lane 7) shown in Fig. 4.12. A subclone p818.01EM containing
1 kb EcoRI-Mlul fragment of p818.10 (Fig. 4.7) cloned into pUCBM20 was sequenced from
the Mlul site. A BLAST search using this sequence produced no significant matches to either
TnsD or to any other sequences in the Genbank or EMBL databases (Fig. 4.13). The end of
the nucleotide sequence generated from the Mlul site is about 550 bp from the end of the

sequence generated from the p818.10 EcoRI site.

In other to determine whether any homology to Tn7 could be detected further downstream,

construct p818.10 was shortened from Clal site (Fig. 4.7). Four shortenings namely, p818.101,


http:ofp818.IO
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Fig. 4.10. Results of BLAST obtained from the inverted complemented
sequence of p818.09% joined to the forward sequence of p8l18.10f showing
clear homology to TnsD of Tn7 (b)) The sequence from p8l18.09%r joined to
p818.10 and the predicted translation products in all three forward reading
frames.

{a)

Reading High
Probability
Sequences producing High-scoring Segment Pairs: Frame Score P (N)
sp|P13991 | THSD ECOLI TRANSPOSON TN7 TRANSPOSITION PR... +2 86 8.le-13
gp!D13972 | AQUPAQL 1 ORF 1 [Plasmid pAQ1l] +3 48 0.046
SplP42148[HSPl_PLAIN SPERM PROTAMINE {(CYSTEINE-RICH ... =3 44 0.26

>splP13991|TNSD_ECCLI TRANSPOSON TN7 TRANSPOSITION PROTEIN TNSD.
pir}S812640(512640 tnsD protein -~ Escherichia coli transposon Tn7

>gp | X17693 | ISTNTTNS_4 Transposon Tn7 transposition genes tnshA, B,C, D and
E. [Escherichia coli]

Length = 508

Plus Strand HSPs:

Score = 86 (39%.6 bits), Expect = 8.le~13, Sum P(5) = §.le~13
Identities = 14/26 (53%), Positives = 18/26 (6%%), Frame = +2

Query: 236 LSRYGEGYWRRSHQLPGVLVCPDHGA 313
IARYGE +W4R LP + CP HGA
Sbict: 132 LNRYGEAFWQRDWYLPALPYCPRHGA 157

Score = 55 (25.3 bits), Expect = 8.le~13, Sum P(5) = 8.le-13
Identities = 14/48 (29%), Positives = 23/48 (47%), Frame = +2

Query: 38 ERLTRDFTLIRLFTAFEPKSVGQSVLASLADGPADAVHVRLGIAASAI 181
++L + TL L+ F K + 4+ AVH+ LGH+ARS +
Sbict: 68 QOLIYEHTLFPLYAPFVGKERRDEAIRIMEYQAQGAVHIMLGVAASRY 115
Score = 49 (22.5 bits), Expect = B8.le~13, Sum P{(5) = 8.le-13
Identities = 9/14 (64%), Positives = 11/14 (78%), Frame = +2
Query: 671 VVRKHRKAFHPLRH 712
+ REKHREKAF IL+H
Sbjct: 274 IFRKHRKAFSYLQH 287

Score = 40 (18.4 bits), Expect = 6.5e-09, Sum P{4) = 6.5e-09
Identities = 10/35 (28%), Positives = 18/35 (51%), Frame = +3

Query: 384 QKNCSPVRHSLLGRVAAPSDAVARDCQADAALLDH 488
+K S +4HS++ + PV Q +AL +H
Sbjct: 279 RKAFSYLQHSIVWQALLPKLTVIEALQQASALTEH 313

Score = 38 (17.5 bits), Expect = 8.le~13, Sum P{(5) = 8.le-13
Identities = 7/23 (30%), Positives = 10/23 (43%), Frame = +3

Query: 501 PSFRDWSAYYRSAVIARGFGKGK 569
PS W+ Y+ G KK
Sbict: 213 PSLEQWTLFYQRLAQDLGLTKSK 235

Score = 37 {17.0 bits), Expect = 8.le-13, Sum P(5) = 8.le-13
Identities = 6/12 (50%), Positives = B/12 (66%), Frame = +2

Query: 188 SRHTLRYCPICL 223
S + RYCP C+
Sbjct: 117 SDNRFRYCPDCV 128
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TGAGCCAAAGAATCCGGCCGATCGCGGACTCAGTCCGGAAAGACTGACCAGGGATTTTALC
--------- T

ACTCGGTTTCTTAGGCCGGCTAGCGCCTGAGTCAGGCCTTTCTGACTGGTCCCTAAAATG

* A K E 8§ G R §$ R T ¢ 8§ G K T D @ G F ¥
E P K N P A D R G L S P E R L T R D F T
s ¢ R I R P I A D § V R K D * P G I L P

CCTCATCCGATTATTCACGGCATTCGAGCCGAAGTCAGTGGGACRATCCGTACTGGCGTC
————————— e e e e e

GGAGTAGGCLAATAAGTGCCGTAAGCTCGGCTTCAGTCACCCTGTTAGGCATGACCGCAG

P H P I I H G I R A& E V S G T I R T G V
L I R L P T A F E P XK S V G Qg § V L A S5
S 8§ b ¥ 8 R H 8 § R 8 Q W D N P Y W R H

ATTAGCGGACGGCCCGGCGGATGCCGTGCATGTGCGTCTGGGTATTGCGGCGAGCGLCGAT
————————— o e e

TAATCGCCTGCCGGGCCGCCTACGGCACGTACACGCAGACCCATAACGCCGCTCGCGCTA

I §$ ¢ R P G G CRACAS G Y C G E R D
L A2 D G P A D A V HV R L G I A A § A I
* R T AR R M P C M C V WV L R R A R F

TTCGGGCTCCCGGCATACTTTACGGTATTGTCCCATCTGCCTTITTGGCGAGATGTTGAG
————————— o e s e e o o e

ARGCCCGAGGGCCGTATGAAATGCCATAACAGGGTAGACGGAAAAACCGCTCTACAACTC

F G L P A Y F T V L 8 H L P F W R D V E
S 6 §$ R B T L R Y C P I C L F ¢ E M L S
R A P G I L Y G I VP S A F L A R C * A

CCGCTATGGAGARAGGATATTGGAGCCGCAGCCATCAACTCCCCGGCOTTCTGGTTTGTCC
————————— o
GGCGATACCTCTTCCTATAACCTCCGCGTCGGTAGTTGAGGGGCCGCAAGACCARACAGS

P L W R R I L E A ¢ P 8§ T P R R S5 G L 8
R ¥ G BE ¢ ¥ W R R S H QL P G V L VvV C P
A M E K D I G G A A I N S P A F W F V Q

AGATCATGGCGCGGCCCTTGGCEGACAGTGCGGTCTCTCAAGGTTGGCAGTAACCAGCAC
————————— g N AR S 2

TCTAGTACCGCGCCGGGAACCGCCTGTCACGCCAGAGAGTTCCAACCGTCATTGGTCGTG

R § W R 6 P W R T V R 8§ L K V GG 8 N Q H
LD H 6 A A L G G Q C G L § R L AV T S5 T
I M A R P L A D § A V 8§ 0 G W @ * P A R

GAATTCGATTCATCGCCGCGGATCAAAAGAACTGTTCGCCTGTGCGGCACTCCCTTCTTG
--------- e e o e e e

CTTAAGCTAAGTAGCGGCGCCTAGTTTTCTTGACAAGCGGACACGCCGTGAGGGAAGAAC

E F D 8 §8 P R I K R T V R L C G T P F L
N § I H R R 6 § K E L F A C A A L P § W
I R F I A A D @ K N C 5 P V R H S L L G

GGCGAGTAGCCGCGCCRAGTGACGCTGTTGCAAGAGATTGCCAAGCGGACGCGGCGTTCC
--------- e e e o e
CCGCTCATCGGCGCGGTTCACTGCGACAACGTTCTCTAACGGTTCGCCTGCGCCGCAACG

G B * P R Q VvV T L L @ E I A K R T R R C
A S 8§ R A K * R C C K R L P 8 G R G V A
R V A A P § D A V & R D C Q A D A A L L
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TCGATCATCCGCCAGCGCGCCCCAGCTTTCGCGATTGGAGTGCATATTATCGGAGCGCAG
--------- e e e
AGCTAGTAGGCGGTCGCGCGGGGTCGRAAGCGCTAACCTCACGTATAATAGCCTCGCGTC

$ I I R Q R A P A F A I G V H I I G A O
R § s A 8§ A P ¢ L S R L E C I L S E R §
D H p P A R P 8§ F R D W § A Y ¥ R § A& V

TGATTGCICGCGGCTTCGGCAAAGGCAAGCAGAATGTCGCTCAGAACCTTCTCAGGGAAG
————————— o
ACTAACGAGCGCCGAAGCCCTTTCCGTTCCTCTTACAGCGAGTCTTGGAAGAGTCCCTTC

¥ L L A A 8§ A K A R R M S§ L R T F § G K
p ¢ $ R . R R Q G E CUR S E P § Q G 8
I A R G F G K G K E N V A Q N L L R E A

CAATTTCAAGCCTGTTTGAACCAGTAAGTCGACCTTATCCCCGEGTGGTCTCGGCGACGAT
--------- o o e e
GTTAAAGTTCGGACARACTTGGTCATTCAGCTGGAATAGGGGCCACCAGAGCCGCTGCTA

Q F Q A C L N Q * vV D L I P G G L G D D
N F K P v * T § K S T L 8 P V V S A T I
I §8 8 L F E P V 8 R P Y P R W S R R R L

TGGCCTACCAGTGGTACGGAAACACAGARAGGCATTTCATCCGTTGCGGCATGTTCATTC
————————— e e e e e e e e e e e o

ACCGGATGGTCACCATGCCTTTIGTGTICTTTCCGTAAAGTAGGCAACGCCGTACAAGTAAG

w pPp T § G T E T ¢ K G I 8§ 8§ V A A C S F
G L P V V R K H R K A F H P L R H V H 8§
A Y Q W Y G N T E R H F I R C G M F I Q

AGATTTTCTGACAAACGGTCGCCGCARCCGGACGGAAACCCCCTTCGGCAAGGGACCGGT
————————— T e T T TP S ——
TCTAAAAGACTGTTTGCCAGCGGCETTGGCCIGCCTTTGGGGGAAGCCGTTCCCTGGCCA

R F 8§ D K R S P ¢ P D G N P L R Q G T G
b F L. T N 66 R R N R T E T P F G K G P V
I F * ¢ T V A A T G R K P P 8§ A R D R C

GCTCTTTAATTCGCTTGCA
--------- pmmmmeee— 799
CGAGAAATTAAGCGAACGT

A L * F A C -
L F N § L & -
S L I R L -
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Tn7 TnsD

a4

TngD-like Tn5468
]

2.0 kb
Tn5468 DNA
Q;t

| i Y

Fig. 4.11. Rearrangement of the TnsD-like ORF of Tn5468. Regions on TnsD-like protein of
Tn5468 identified by. the letters A-G are matched unto the corresponding areas on TnsD of
Tn7. At the bottom is the map of Tns5468 which indicates the areas where homology to TnsD
of Tn7 was obtained. (Note that the numbers on the line representing TnsD of Tn7 are amino
acids, whereas the numbers on the TnsD-like protein of Tn5468 represent distances in base

pairs).






Fig. 4.13.
p818.10EM.

{a}

(a)
(o)

Reading High

Sequences producing High-scoring Segment Pairs:

Frame Sco

piriS406261540626 androgen receptor - mouse +2
pir}S396361539636 cydD protein -~ Escherichia coli (... =1
gp|D50624 | STMVBRAL_4 NusG like protein [Streptomyces v... +1
pir|S540626|540626 androgen receptor - mouse
Length = 48
Plus Strand HSPs:
Score = 45 (20.7 bits), Expect = 0.17, Sum P{(2) = 0.16
Identities = 10/25 (40%), Positives = 13/25 (52%), Frame = +2
Query: 329 GTAQEMV*SACGLGDIGS*HGDPTA 403
G+A + C  GD+GS HG A
Sbict: 24 GSAWAAAAAQCRYGDLGSLHGGSVA 48
Score = 33 (15.2 bits), Expect = 0.17, Sum P(2} = 0.16
Identities = 5/9 (55%), Positives = 6/9 (66%), Frame = +2
Query: 29 NPAESGEAW 55
NP + G AW
Sbict: 19 NPLDYGSAW 27
{b)
1 TGGACTTTGG TCCCCTACTG GATGGTCAAA TCCGYCAGAA AGTGGCGAAg
51 CCTGGGACTC AGGGCGGTAG CcAAATATCT TGCCATTGAg CCAGGGACGG
101 TGAGATTGCA CGCCTCCCGA CGCGGGTTGA ATGTGCCCTG GAAGCCCTTA
151 GCCGCACGAC ATTCCCGAAC ATTGGTGCCA GACCGGGATG CCATAAGAAT
201  ACGGTGGTTG GACATGCAGC AGAATTACGC TGATTTATCA CGTCGGCLgA
251 CTGGCACTCC TGCTACCCAA AGAACACTCA TGGTTGTACC GCCATtgACA
301 GGGAGTGGCT GGAGCAACAT TCACCAACGG CACTGCACAA GAARATGGTCT
351 GATCAGCGTG TGGACTGGGA GACATTGGAT CGTAGCATGG CGALCCAACT
401 GCGTARAGGCc GCGCGGGARAAA tCALctTCGG GAGGTTCCGC CACAACGCGt

re

45
40
63

110

BLAST results of the nucleotide sequence obtained from
The inverted complemented nucleotide sequence of pBlB.10EM.

Proba
P(N)
0.16

0.72
0.87
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Fig. 4.14. {(a) BLAST check on the sequences obtained from
pr818.104 and p818.103 joined. Homology to TnsD was detected.
b) The nucleotide sequence and frame in which homology to TnsD
was found.

{a)

Reading High Procb

Sequences producing High-scoring Segment Pairs: Frame Score P(N)
pir|A47283|A47283 calphotin - Drosophila >gplL0S0... -2 57 (.011
splPlSQQllTNSD_ECOLI TRANSPOSON TNT7 TRANSPOSITION PR... +1 56 0.28
gp|D49399 | RABA2TIC_ 1 alpha 2 type I collagen [Orycto... -3 42 0.32
piria449501A44950 merozoite surface antigen 2 - P... +3 74 0.33

>$p]Pl399liTNSD_ECOLI TRANSPOSON TN7 TRANSPOSITION PROTEIN TNSD.
pir|§126401512640 tnsD protein - Escherichia coli transposon Tn7
gplX17693 | ISTN7INS 4 Transposon Tn7 transposition genes tnsa, B,
C, D and E. [Escherichia colil]

Length = 508

Plus Strand HSPs:

Score = 56 (25.8 bits), Expect = 0.33, Sum P{2} = (.28
Identities = 14/54 (25%), Positives = 24/54 (44%), FPrame = +1

Query: 319 RVDWETLDRSMAIQLRKAAREITREVPPQRVTQAALERKLGRPLRMSEQQAKLP 480
RVDW DR QL + + + + RT + L ++ +++ XLp
Sbict: 385 RVDWNQRDRIAVRQLLRIIKRLDSSLDHPRATSSWLLKQTPNGTSLAKNLQKLP 442

Score = 50 (23.0 bits), Expect = 0.33, Sum P{2) = 0.28
Identities = 11/42 (26%), Positives = 19/42 (45%), Frame = +1

Query: 169 WLDMQQONYADLSRRRLALLLPKEHSWLYRHTGSGWSNIHQRH 294

W o+ Y + R +L ++WLYRH + +Q+H.
Spbict: 338 WQQOLVHKYQGIKAARQSLEGGVLYAWLYRHDRDWLVHWNQQH 379
{b)

GAGGAAATCGGAAGGCCTGGCATCGGACGGTGACCTATAATCATTGCCTTGATACCAGGG
10 20 30 40 50 60
E E I 6 R P G I G R * P I I I A L I P G

ACGGTGAGATTGCACGCCTCCCGACGCGGGTTGAATGTGCCCTGGAAGCCCTTGACCGCA
70 80 90 100 110 120
T vV R L H &2 8 R R GG L N V P W K P L T A

CGACATTCCCGAACATTGGTGCCAGACCGGGATGCCATAAGAATACGGTGGTTGGACATG
130 140 150 160 170 180
R H 8 R T L v P D R D A I R I R W L D M

CAGCAGAATTACGCTGATTTATCACGTCGGCGACTGGCACTCCTGCTACCCARAGAACAC
190 200 210 220 230 240
0N Y ADUIL SRR RULATUL L L P K E H






Fig.

4.15.

(a)

sequence of p818.102.

(a)

Probabilit

Y

Sequences producing High-scoring Segment Pairs:

splP29424|
sp|P28880 |
gplX77576 |

gp|X90568 |HSTITINZB 1

>sp|P2%424|TX25 PHONI
spider (Phoneutria nigriventer)

Plus Stran

Score = 57
Identities

Query: 1

Sbict:

TX25 PHONI
CXOA CONST
BNACCGS_1

NEUROTOXIN TX2-5. >pir}829215}82...
OMEGA-CONOTOXIN SVIA. >pir|B4437...
acetyl-CoA carboxylase
titin gene product

[Brassica...
[Homo sapiens]

Results of the BLAST search on p818.102

(b)

Reading High

Frame Sco

+3
+3
+2
+2

re

P

OCOoOoo

NEUROTOXIN TX2-5. >pir|S8292151829215 neurotoxin

Length = 49
d HSPs:
{(26.2 bits), Expect 4.7, P = 0.99
= 12/30 (40%), Positives = 14/30 (46%),
05 EKGSXVRKSPAPCROANLPCGAYLLGCSRC 194
E+G V P CRQ N AY L +C
19 ERGECVCGGPCICRQGNFLIAAYKLASCKC 48

Frame =

+3

spiP28880|CXOA CONST OMEGA~CONOTOXIN SVIA. >pir|B443795|B44379

omega-—-cono

Plus Stran

Score = 55
Identities

Query:

Sbijct:

(b)

51
101
151
201
251

301

toxin

SVIA - cone shell

Length =

d HSPs:

(25.3 bits),
(42%),

= 8/19

CR +

PCG

24

Expect

6.1, P =

Positives = 11/19

141 CRQANLPCGAYLLGCSRCW 197
+ C RC+

1 CRSSGSPCGVTSICCGRCY 19

GGAGTCCTtG

AGTGCCTGAA

GATGGAAAAA

CGAATTTGCC

TCGGCTATAG

TATTCGGAAG

CGTCCGACAT

TGATGTTTAA

AATTTGACTC

GGGTCGCAGG

ATGTGGCGCG

CTTCTCCGAC

TGATTATTCC

TCCGCCGGAA

ATTGAGTGAG

TACACTGGCT

TCCGTAAGTC

TACCTATTGG

GGTAGATTGC

CAATTCTGGC

TTATATTCGT

{Conus striatus)

1.0

(57%),

AAARRGAGCGT
GGCCGAATGT
ACCCGCGCCG
GCTGTTCCCG
TCCCAATAAC
GGAAGGAGAG

TTGGAAGCAA

Frame =

+3

ATTCCGGCGA
CAAACAAGAC
TGTCGTCAGG
GTGCTGGCAC
CTACGGCGAA
GAAATCAACT

AGCACAGGGG

113

DNA

(N)

.991
.998
.999
.9995

Tx2 -
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Fig. 4.16. (a) BLAST results of the nucleotide sequence obtained from
p818.101. (b) The nucleotide sequence obtained from p818.101.

(a)

Reading High Prob

Sequences producing High-scoring Segment Pairs: Frame Score P (N)
SpIPO2241lHCYD_EURCA HEMOCYANIN D CHAIN. +2 47 0.038
SpIPO3108IVL2_CRPVK PROBABLE L2 PROTEIN. +3 66 0.072
splQ09816|YAC2 SCHPO HYPOTHETICAL 33.9 KD PROTEIN Cl6C... +2 33 0.69
sp|P062785AMY_BACLI ALPHA-AMYLASE PRECURSOR (EC 3.2.1... +2 52 0.75
sp|P26805|GAG_MLVFP GAG POLYPROTEIN (CORE POLYPROTEIN... +3 53 0.77

Sp|P02241|HCYD_BURCA HEMOCYANIN D CHAIN.
Length = 627
Plus Strand HSPs:

Score = 47 (21.6 bits), Expect = 0.039, Sum P(3) = 0.038
Identities = 6/12 (50%), Positives = 9/12 (75%), Frame = +2
Query: 140 HFHWYPQHPCFY 175

H+HW+ +P FY
Sbjct: 170 HWHWHLVYPAFY 181

Score = 38 (17.5 bits), Expect = 0.039, Sum P(3) = 0.038
Identities = 12/36 (33%), Positives = 15/36 (41%), Frame = +2

Query: 41 TPWAGDRRAETQGKRSL*AVGFFHFPDIFGSFPHFH 148
T + D E + L VGF +FGSF H
Sbijct: 17 TSLSPDPLPEAERDPRLKGVGFLPRGTLFGSFHEEH 52
Score = 32 (14.7 bits), Expect = 0.039, Sum P(3) = 0.038
Identities = 7/21 (33%), Positives = 11/21 (52%), Frame = +2
Query: 188 DPYFFVPPADFVYPAKSGSGQ 250
D Y FV D+ +  G+G+
Sbijct: 548 DFYLFVMLTDYEEDSVQGAGE 568
(b)

1 CGTCCGTACC TTCACCTTTC TCGACCGCAA GCAGCCTGAA ACTCCATGGG
51 CAGGAGATCG TCGTGCAGAG ACTCAGGGGA AACGCTCACT TTAGGCGGTG
101 GGGTTTTTCC ACTTCCCCGA TATTTTCGGG TCTTTCCCTC ATTTTCACTG
151 GTACCCGCAG CACCCTTGTT TCTACGCCTG ATAACACGAC CCGTACTTTT
201 TTGTACCACC CGCAGACTTC GTTTACCCGG CAAAAAGTGG TTCTGGTCAA

251 TATCGGCAGG GTGGTGAGAA CACCG
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Fig. 4.17. {(a) BLAST results obtained from combined sequence of p818.11f
{inverted and complemented) and p818.10r. Very good sequence homoclogy to
E.coli and H.influenzae ATP-dependent DNA helicase RecG (EC 3.6.1.) was
found. (b} The combined sequence and open reading frame which was
homologous to RecG.

{a)

Reading High Prob

Sequences producing High-scoring Segment Palrs: Frame Score P (N)

sp|P43809 |RECG_HAEIN ATP-DEPENDENT DNA HELICASE RECG. ... +3 158 1.3e-14
gil290502 (L10328) DNA recombinase [Escheri... +3 156 2.6e-14
splP24230 1 RECG_ECOLI ATP~DEPENDENT DNA HELICASE RECG. ... +3 156 2.6e-14
gi|1001580 {D64000) hypothetical protein [Sy... +3 127 5.6e~10
gi]1150620 (249988) MmsA [Streptococcus pneu... +3 132 8.0e~-10

>Sp|P43809IRECG_HAEIN ATP-DEPENDENT DNA HELICASE RECG. >pir| |E64139 DNA
recombinase (recG) homolog - Haemophilus influenzae (strain Rd

KW20) >g1/1008823 (L44641) DNA recombinase [Haemophilus influenzae]
>gi11205971 (UQ0087) DNA recombinase [Haemophilus influenzae]
>i11221898 (U32794) DNA recombinase, helicase [Haemophilus influenzae]

Length = 693

Plus Strand HSPs:

Score = 158 (72.7 bits), Expect = 1.3e-14, Sum P({(2) = 1.3e-14
Identities = 34/76 (44%), Positives = 5(/76 (65%), Frame = +3

Query: 3 EILAEQLPLAFQQOWLEPAGPGGGLSGGQPFTRARRETAETLAGGSLRLVIGTQSLFQQGV 182
EILAEQ FHiW 4P G G G+ ++R+ E + GHHHVGT +LEQE V
Sbijct:327 EILAEQHANNFRRWFKPFGIEVGWLAGKVKGKSRQAELEKIKTGAVOMVVGTHALFQEEV 386

Query: 183 VFACLGLVIIDEQHRF 230
F+ L LVIIDEQHRF
Sbict: 387 EFSDLALVIIDEQHRF 402

Score = 50 (23.0 bits), Expect = 1.3e-14, Sum P{2}) = 1.3e~14
Identities = 9/16 (56%), Positives = 12/16 (75%), Frame = +3

Query: 261 RRGAMPHLLVMTASPI 308
+ & PH L4MTA4PIL
Sbijct: 416 KAGFYPHQLIMTATPI 431

>sp|P24230lRECG_ECOLI ATP~DEPENDENT DNA HELICASE RECG. >pir||JH0265 RecG
protein - Escherichia coli >pir{|8518195 recG protein - Escherichia coli
>gi}42669 (X59550) recG gene product [Escherichia coli] >gi|147545 (M64367)
DNA recombinase [Escherichia colil]

Length = 693



Plus Strand HSPs:

Score =

156 (71.8 bits), Expect = 2.6e-14, Sum P(2) = 2.6e-14

Identities = 33/76 (43%), Positives = 46/76 (60%), Frame = +3

Query:

E+LAEQ F+ W P G G G+ +AR E +A G ++++4GT HHEFQT V

116

3 EILAEQLPLAFQQWLEPAGPGGGLSGGQPFTRARRETAETLAGGSLRLVIGTQSLFQQGV 182

Sbict :327 ELLAEQHANNFRNWFAPLGIEVGWLAGKQKGKARLAQQEAIASGQVOMIVGTHAIFQEQV 386

Query:

Sbijct:

Score =

183 VFACLGLVIIDEQHRF 230
F L LVIIDEQHRF
387 QFNGLALVIIDEQHRF 402

50 (23.0 bits), Expect = 2.6e-14, Sum P(2) = 2.6e-14

Identities = 9/16 (56%), Positives = 13/16 (81%), Frame = +3

Query:

Sbijct:

261 RRGAMPHLLVMTASPI 308
++G PH L+MTA+PI
416 QQGFHPHQLIMTATPI 431

>gi|1001580 (D64000) hypothetical protein [Synechocystis sp.]

Length = 831

Plus Strand HSPs:

Score =

127 (58.4 bits), Expect = 5.6e-10, Sum P(2) = 5.6e-10

Identities = 33/76 (43%), Positives = 40/76 (52%), Frame = +3

Query:

E4+LAEQ W L G T RRE L+ G L L+4GT +L Q+ V

3 EILAEQLPLAFQQWLEPAGPGGGLSGGQPFTRARRETAETLAGGSLRLVIGTQSLFQQGV 182

Sbijct:464 EVLAEQHYQKLVSWFNLLYLPVELLTGSTKTAKRREIHAQLSTGQLPLLVGTHALIQETV 523

Query:
Sbjct:

Score =

183 VFACLGLVIIDEQHRF 230
F LGLV+IDEQHRF
524 NFQRLGLVVIDEQHRF 538

49 (22.5 bits), Expect = 5.6e-10, Sum P(2) = 5.6e-10

Identities = 9/15 (60%), Positives = 12/15 (80%), Frame = +3

Query:

Sbict:

(b)

264 RGAMPHLLVMTASPI 308
+G PH+L MTA+4PI
550 KGNAPHVLSMTATPI 564

CCGAGATTCTCGCGGAGCAGCTCCCATTGGCGTTCCAGCAATGGCTGGAACCGGCTGGGC
10 20 30 40 50 60
E I L A E Q L P L A F Q Q W L E P A G P -

CTGGAGGTGGGCTATCTGGTGGGCAGCCGTTCACCCGTGCCCGTCGCGAGACGGCGGAAA
70 80 90 100 110 120
G 6 6 L $ G G Q P F T R A R R E T A E T-

CGCTTGCTGGTGGCAGCCTGAGGTTGGTAATCGGCACCCAGTCGCTGTTCCAGCAAGGGG
130 140 150 160 170 180
L A G G $ L R L V I 6 T © § L F Q Q@ G V-



TGGTGTTTGCATGTCTCGGACTGGTCATCATCGACGAGCAACACCGCTTTTGGCCGTGGA
190 200 210 220 230 240
v F A C L G L Vv I I D E Q H R F W P W S

GCAGCGCCGTCAATTGCTGGAGAAGGGGCGCCATGCCCCACCTGCTGGTAATGACCGCTA
250 260 270 280 290 300
s A vV N C W RURGAMUPH L L V M T A S5

GCCCGATCATGGTCGAGGACGGCATCACGTCAGGCATTCTTCTGTGCGGTAGGACACCCA

310 320 330 340 350 360
P I M V ED G I T S G I L L C G R T P N

ATCGATTCCTGCCTCAAGCTGGTATCGACGCCGTTGCCTTTCCGGGCGTAGATAAGGACT
370 380 390 400 410 420
R F L P Q A G I D A V A F P G V D K D ¥

ATGCCGCCCGTGAAAGGGCCGCCAAGCGGGGCCGATGgACGCCGCTGCTAAACGACGCAG
430 440 450 460 470 480
A A R E R A A KRG R W T P L L N D A G

GCATACGTCGAAGCTGGCTTGGTCGAGCAAGCATCGCCTTCGTCCAGCGCAACACTGCTA
490 500 510 520 530 540
I R R § W L G R A S I A F V Q RN T A I

TCGGAGGGCAACTTGAAGAAGGCGGTCGCGCCGCGAGAACCTCCCAGCTTATCCCCGCGA
550 560 570 580 590 600
G 6 ¢ L £EE G GURAAWRT S Q L I P A S

GCCATCCGCGAACGGATCGTCAACGCCTGATTCATCGAGACTATCTGCTCTCAAGCACTG
610 620 630 640 650 660
H P R T D R Q R L I H R D Y L L 8§ S§ T D

ACATTGAGCTTTCGATCTATGAGGACCGACTAGAAATTACTTCCAGGCAGATTCAAATGG
670 680 690 700 710 720
I B L § I Y E D R L E I T § R Q@ I Q9 M V

TATTACGCGCCGATCGTGACCTGGCCGGTCGACACGAARCCAGCTCATCAAGGATGTTAT
730 740 750 760 770 780
L R A D R D L A G R HE T S S S R M L C

GCGCAGCATCC
791
A A S -
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4.4.4. Analysis of DNA downstream of region with TnsD homology.

The location of the of p818.11 Apal-Clal construct is shown in Fig. 4.7. The single strand
sequence from the Clal site was joined to p818.10r and searched using BLAST against the
GenBank and EMBL databases. Good homology to E.coli and H.influezae ATP-dependent
DNA helicase recombinase proteins (EC 3.6.1.) was obtained (Fig. 4.17). The BLAST search
with the sequence from the Apal end showed high sequence homology to the stringent
response protein guanosine-3',5'-bis (diphosphate) 3'-pyrophosphohydrolase (EC 3.1.7.2) of
E.coli, H.influenzae and S.coelicolor (Fig. 4.18). In both E.coli and H.influenzae, the two
proteins RecG helicase recombinase and ppGpp stringent response protein constitute part of

the spo operon.

4.4.5. Spo operon.

A brief description will be given on the spo operons of E.coli and H.influenzae which appear
to differ in their arrangements. In E.coli, spoT gene encodes guanosine-3',5-bis
pyrophosphohydrolase (ppGpp) which is synthesized during stringent response to amino acid
starvation. It is also known to be responsible for cellular ppGpp degradation (Gentry and
Cashel, 1995). The RecG protein is required for normal levels of recombination and DNA
repair. RecG protein is a junction specific DNA helicase that acts post-synaptically to drive
branch migration of Holliday junction intermediate made by RecA during the strand
exchange stage of recombination (Whitby and Lloyd, 1995).

The spoS (also called rpoZ) encodes the omega subunit of RNA polymerase which is found
associated with core and holoenzyme of RNA polymerase. The physiological function of the

omega subunit is unknown. Nevertheless it binds stoichiometrically to RNA polymerase,
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Fig. 4.18. (A) Results of the BLAST search of the nucleotide
sequence of p8l8.11lr (from the Apal restriction site) inverted
and complemented. Results revealed high protein sequence
homology to stringent response protein: guanosine-3', 5'-bis
(diphosphate) 3'-pyrophosphohydrolase (EC 3.1.7.2) [ (ppGpp)-
ase] {penta-phosphate guanosine ~3'=-pyrophosphorylase) of
E.coli, M.leprae, S.coelicolor and H.influenzae (b). The
nucleotide sequence of p8l18.11r and the open reading frame
with homeclogy to the SpoT protein.

(a)
Sum
Reading High Prob
Sequences producing High=-scoring Segment Pairs: Frame Score P (N)
spiP1l7580|SPOT_ECOLI GUANOSINE-3',5'-BIS(DIPHOSPHATE. .. +2 277 5e-31
sp[P438llISPOT HAEIN GUANOSINE-3',5"~-BIS (DIPHOSPHATE. +2 268 5e-30

gplU223741VSU22374 1 csrS gene product [Vibrio sp. 814] +2 239

2.

4.

5.
gp|U29580|ECU29580 9 GTP pyrophosphokinase [Escheric.,.. +2 23% 5.le-26
gplU13769|VSU13769 2 ppGpp synthetase I [Vibrio sp.] +2 239 5.le-26
gp|X87267|SCAPTRELA 2 putative ppGpp synthetase [Stre... +2 233 3.6e=25
sp|P11585|RELA ECOLI GTP PYROPHOSPHOKINASE (EC 2.7.6... 42 230 9.0e-25
piris839975(539975 stringent response-like protein... +2 225 4.5e-24
5piP44644 |RELA_HAEIN GTP PYROPHOSPHOKINASE (EC 2.7.6... +2 221 1.6e-23

>sp|P17580|SPOT_ECOLI GUANCSINE-3',5'-BIS (DIPHOSPHATE)
3'-PYROPHOSPHOHYDROLASE (EC 3.1.7.2) ((PPGPP}ASE) (PENTA-PHOSPHATE
GUANOSINE-3'-PYROPHOSPHOHYDROLASE) . >pir |B3(0374|SHECGD guanosine
3',5'~bis{diphosphate) 3'-pyrophosphatase (EC 3.1.7.2) -

Escherichia coli >gp|M24503|ECOSPOT_2 (p)ppGpp3'-pyrophosphohydrolase
[Escherichia coli] >gplL103281ECOUW82_16 (p)ppCGpp 3'-pyrophosphohydrolase
[Escherichia coli]

Length = 702
Plus Strand HSPs:

Score = 277 {(127.4 bits), Expect = 2.5e-31, P = 2.5e-31
Identities = 53/82 (64%), Positives = 62/82 (75%), Frame = +2

Query: 14 QASGREKHVYRSIRKMQKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPIPGRF 193
+ SGREKH+Y ¥ X F I DH+HAFR+HIV D DTCYRVLG +HSLY+P PGR
Shijct: 232 RVSGREKHLYSIYCKMVLKEQRFHSIMDIYAFRVIVNDSDTCYRVLGQOMHSLYKPRPGRV 231

Query: 194 KDYIAIPKSNGYQSLHTVLAGP 259
KDYIAIPK+NGYQSLAT + GP
Shict: 292 KDYIAIPKANGYQSLHTSMIGP 313

>splP43811|SPOT HAEIN GUANOSINE-3*,5'-BIS{DIPHOSPHATE)
3'~PYROPHOSPHOHYDROLASE (EC 3.1.7.2) ((PPGPP)ASE) (PENTA-PHOSPHATE
GUANOSINE-3'-PYROPHOSPHOHYDROLASE) . >pir|F64139|F64139

penta-phosphate guanosine-3'-pyrophosphohydrolase (spoT) homolog -
Haemophilus influenzae (strain Rd KW20) >gpluU00087|HIU00087_15
penta-phosphate guanosine-3'-pyrophosphohydrolase [Haemophilus

influenzae] >gp|L44642]HEAHI1741_1 penta-phosphate guanosine-3'
-pyrophosphohydrolase [Haemophllus influenzae]l>gp|U32847 |HIU32847 2
penta-phosphate guanosine-3'-pyrophosphohydrolase [Haemophilus influenzael]
Length = 677
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Plus Strand HSPs:

Score = 268 (123.3 bits), Expect = 4.5e-30, P = 4.5e~30
Identities = 49/83 (59%), Positives = 64/83 (77%), Frame = +2

Query: 11 AQASGREKHVYRSIRKMOKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPIPGR 1980
A+ GREEKH+Y+ +EM+ K F I DHAFR+IV +VD CYRVLIG +H+LY+P PGR
Sbict: 204 ARVWGREKHLYKIYQKMRIKDQEFHSIMDIYAFRVIVKNVDDCYRVLGOMHNLYKPRPGR 263

Query: 191 FKDYIAIPKSNGYQSLHTVLAGP 259
KDYIA+PRANGYQSL T + GP
Sbict: 264 VKDYIAVPKANGYQSLOTSMIGP 286

>gp|U223741VSU22374_1 csrS gene product [Vibrio sp. S514]
Length = 118

Plus Strand HSPs:

Score = 239 (109.9 bits), Expect = 5.7e~28, P = 5.7e-28
Identities = 44/68 (64%), Positives = 54/68 (79%), Frame = +2

Query: 56 KMQKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPIPGREFKDYIAIPKSNGYQS 235
KM+ K F I DH+HAFRHHVHDADTICYRVLG VH+LY+P P R KDYIAIPR+NGYQS

Sbijct: 3 KMKNKEQRFHSIMDIYAFRVLVSDLDTCYRVLGOVHNLYKPRPSRMKDYIAIPKANGYQS 62
Query: 236 LHTVLAGP 259

L T L GP
Sbict : 63 LTTSLVGE 70

>gp|U29580|ECU29580_9 GTP pyrophosphokinase [Escherichia coli]
Length = 744

Plus Strand HSPs:

Score = 239 (109.9 bits), Expect = 5.le-26, P = 5.1le-26
Identities = 43/83 (51%), Positives = 56/83 (67%), Frame = +2

Query: 11 AQASGREKHVYRSIRKMOKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPIPGR 190
A+ GR KH+Y REKMQKK AF ++ D+ & RI+ + CY LGHVH+Y YR +P
Skbijct: 247 AEVYGRPKHIYSIWRKMOKKNLAFDELFDVRAVRIVAERLODCYARALGIVHTHYRHLPDE 306

Query: 191 FKDYIAIPKSNGYQSLHTVLAGP 259
F DY+A PK NGYQS+HHTV+H GP
Sbict: 307 FDDYVANPKPNGYQSIHTVVLGP 329

>gplUl3769|VSU13769_ 2 ppGpp synthetase I [Vibrio sp.]
_ Length = 744

Plus Strand HSPs:

Score = 239 (109.9 bits), Expect = 5.le-26, P = 5.le-26
Identities = 42/83 (50%), Positives = 56/83 (67%), Frame = +2

Query: 11 AQASGREKHVYRSIRKMQKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPIPGR 190
A+ GR KH+HY REMOKK F ++ D+ A RI+ ++ CY LGHVH+Y YR +P
Sbict: 246 AEVOGRPKHIYSIWRKMQKKSLEFDELEDVRAVRIVAEELQDCYAALGVVHTKYRHLPKE 305

Query: 191 FKDYIAIPKSNGYQSLHTVLAGP 259
F DY+A PK NGYQS+HHIV+ GP
Sbict: 306 FDDYVANPKPNGYQSIHTVVLGP 328
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>gp|X87267 | SCAPTRELA 2 putative ppGpp synthetase [Streptomyces coelicolor]
Length = 847

Plus Strand HSPs:

Score = 233 (107.2 bits), Expect = 3.6e-25, P = 3.6e-25
Identities = 44/86 (51%), Positives = 56/86 (65%), Frame = +2

Query: 2 RFAAQASGREKHVYRSIRKMOKKGYAFGDIHDLHAFRIIVADVDTCYRVLGLVHSLYRPI 181
R A +GR KH Y +EM +G F +I+DL R4V VvV CY LG VH+ + P+
Sbijct: 330 RIKATVTGRPKHYYSVYQKMIVRGRDFAEIYDLVGIRVLVDTVRDCYAALGTVHARWNPV 389

Query: 182 PGRFKDYIAIPKSNGYQSLHTVLAGP 259

PGRFKDYIA+PK N YQSLHT + GP
Sbjct: 390 PGRFKDYIAMPKFNMYQSLHTTVIGP 415
(b)

ACGGTTCGCCGCCCAGGCTAGTGGCCGTGAGARACACGTCTACAGATCTATCAGAAAAAT
10 20 30 40 50 60
R F A A Q A 5 G R E K H V Y R § I R K M -

GCAGAAGAAGGGGTATGCCTTCGGTGACATCCACGACCTCCACGCCTTCCGGATTATTGT
70 80 90 100 110 120
g K K ¢ ¥ A F G D I H D L H a&A F R I I V =

TGCTGATGTGGATACCTGCTATCGCGTTCTGGGTCTGGTTCACAGTCTGTATCGACCGAT
130 140 150 160 170 180
A D VDT CJY R VL 6L V H S L Y R P I -

TCCCGGACGTTTCAAAGACTACATCGCCATTCCGAAATCCAATGGATATCAGTCTCTGCA
190 200 210 220 230 240
P G R F K D Y I A I P K S N G Y Q S L H -~

CACCGTGCTGGCTGGGCCC
250 259
T v L A G P -
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cross-links specifically to B' subunit and is immunologically conserved among bacteria
(Gentry et al., 1991).

SpolU is the only functionally uncharacterized ORF in the spo operon. Its been reported to
have high amino acid similarity to RNA methylase encoded by tsr gene of Streptomyces
azureus (Koonin and Rudd, 1993). Expression of tsr gene prevents the antibiotic thiopeptin
from inhibiting ppGpp synthesis during nutritional shift-down in S./ividans (Ochi, 1989). Thus
putative SpoU rRNA methylase may be involved in stringent starvation response and

functionally connected to SpoT (Koonin and Rudd, 1993).

The recG, spoT, spoU and spoS genes form the spo operon in both E.coli and H.influenzae
(Fig. 4.19). The arrangement of genes in the spo operon between these two organisms differ
with respect to where the spolU gene is located in the operon. In E.coli, spoU is found
between the spoT and the recG genes whereas in H.influenzae, it is found between the spoS
and the spoT genes (Fig. 4.19). In the case T ferrooxidans, the spoT and recG genes are
physically linked but are arranged in opposite orientations to each other. Transcription of the
T ferrooxidans recG and spoT genes appear to be divergent from a common region about 1.0-
1.3 kb from the Apal restriction site (Fig. 4.11). From the limited amount of sequence
information available, it is not possible to predict whether spolU or spoS genes are present and

which of the genes constitute an operon.
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CHAPTER 5.

GENERAL CONCLUSIONS.

The objective of this project was to study the region beyond the T ferrooxidans (strain ATCC
33020) unc operon. The study was initiated after random sequencing of a T .ferrooxidans
cosmid (p818.1) harbouring the unc operon (which had already been shown to complement
E.coli unc mutants) revealed a putative transposase with very high amino acid sequence
homology to Tn7. Secondly, nucleotide sequences (about 150 bp) immediately downstream
the T ferrooxidans unc operon had been found to have high amino acid sequence homology

to the E.coli glmU gene.

A piece of DNA (p818.52) within the Tn7-like transposon covering a region of 1.7 kb was
used to prepare a probe which was hybridized to cosmid p818.1 and to chromosomal DNA
from T ferrooxidans (Fig. 2.4). This result confirmed the authenticity of a region of more than
12 kb from the cosmid as being representative of unrearranged T ferrooxidans chromosome.
The results from the hybridization experiment showed that, only a single copy of this
transposon (Tn5468) exists in the T ferrooxidans chromosome. This chromosomal region of
T ferrooxidans strain ATCC 33020 from which the probe was prepared also hybridized to two
other T ferrooxidans strains namely ATCC 19859 and ATCC 23270 (Fig. 2.6). The results
revealed that, not only is this region with the Tn7-like transposon native to T ferrooxidans
strain ATCC 33020, but appears to be widely distributed amongst T ferrooxidans strains.

T ferrooxidans strain ATCC 33020 was isolated from a uranium mine in Japan, strain ATCC
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23270 from coal drainage water in Pittsburgh, USA and strain ATCC 19859 from Canada and
therefore the Tn7-like transposon has a wide geographical distribution amongst T ferrooxidans
strains.

On other hand, hybridization of this region to two T.thicoxidans strains ATCC 19377 and
DSM 504 and L ferrooxidans strain DSM 2705 proved negative (Fig. 2.6). Thus all three
T ferrooxidans strains tested carry a transposon homologous to Tn7 while the other three
isolates of gram-negative bacteria which were tested and which grow in the same environment
do not. The fact that all the bands of the T ferrooxidans strains which hybridized to the
Tn5468 probe were of the same size implies that, this chromosomal region is highly

conserved within the T ferrooxidans strains studied.

A 3.5 kb BamHI-BamHI fragment of T ferrooxidans DNA downstream of the unc operon was
cloned into pUCBM20 and pUCBM21 vectors (p818.16f and p818.16r). This piece of DNA
has been sequenced from both directions and found to have one partial open reading frame
(ORF1) and two complete open reading frames (ORF2 and ORF3). The partial open reading
frame (ORF-1) was found to have very high amino acid sequence homology to E.coli and
B.subtilis glmU gene products and represents about 150 amino acids from the C-terminus of
the T ferrooxidans GlmU protein. The second complete open reading frame (ORF-2) has been
shown to be the T ferrooxidans glucosamine synthetase gene. It has high amino acid sequence
homology to six purF-type amidotransferases. The constructs p818.16f and p818.16r
complemented the E.coli gimS mutant (CGSC #5392) as it enabled the mutant to grow as
large colonies when N-acetyl glucosamine was added to the media. The larger fragment

p818.20 (10.2 kb), containing the entire gene failed to complement the E.coli gimS mutant.
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This was probably due to a lack of expression in the absence of a suitable vector promoter.
The third open reading frame (ORF-3) had shown high amino acid sequence homology to the
TnsA protein of Tn7 (Fig. 4.3). The region beyond the BamHI-BamHI 3.5 kb construct
covering about 10 kb of the T ferrooxidans chromosome has been studied by subcloning and
single strand sequencing. Homology to the TnsB, TnsC and TnsD in addition to the already
mentioned TnsA protein of Tn7 was found within this region. The TnsD-like ORF appears

to have undergone some rearrangement and is almost certainly no longer functional.

Homology to the TnsE and the antibiotic resistance genes of Tn7 was not found though a
fragment size of about 4 kb beyond where homology to TnsD had been found was searched.
The search for the TnsE and the antibiotic resistance markers was aborted when it became
apparent that, the genes spoT, encoding guanosine-3',5-bis (diphosphate) 3'-
pyrophosphohydrolase, (EC 3.1.7.2) and recG encoding ATP-dependent DNA helicase, RecG
(EC 3.6.1.) had been encountered about 1.5 and 3.5 kb respectively beyond where final
homology to TnsD had been found. These genes were identified by their high sequence
homology to E.coli and H.influenzae SpoT and RecG proteins (Fig 4.17 and 4. 18). Though
these genes are transcribed in the same direction and form part of the spe operon in E.coli
and H.influenzae, in T ferrooxidans the spoT and the recG genes appear to be transcribed in

the opposite directions from a common region (Fig. 4.19).

The transposon had been registered as Tn5468 (before it was known that it is probably non-
functional). The degree of similarity between Tn7 and Tn5468 suggests that they originated

from a common ancestor. Since T ferrooxidans only grows in an acidic inorganic
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environment, one would predict that Tn5468 has evolved in a very different environment to
Tn7. For example, Tn7 has acquired antibiotic resistance determinants as accessory genes
which are presumably advantageous to its E.coli host. One would not expect the same
antibiotic resistance genes to confer a selective advantage to T ferrooxidans, which is not
exposed to a medical environment. It was disappointing that the TnsD-like protein at distal
end of Tn5468 appears to have been truncated as it might have provided an insight into the

structure of the common ancestor of Tn7 and TnS5468.

The region beyond the T ferrooxidans unc operon has been studied and found to have genetic
arrangement very similar to that an E.coli strain which has had a Tn7 insertion at attTn7. The
arrangement of genes in such an E.coli strain is unc_glmU gimS_Tn7, which is identical to
that of T ferrooxidans, unc_glmU gimS (Tn7-like). This arrangement must be a carry over
from a common ancestor before the organisms became exposed to different environmental
conditions and differences in their chromosomes were magnified. Based on 16Sr RNA
sequence data, T ferrooxidans and T.thiooxidans are phylogenetically very closely related
whereas L ferrooxidans is very distantly related (Lane et al. 1992). Presumably T ferrooxidans
and T .thiooxidans originated from a common ancestor. If Tn5468 had been inserted into the
common ancestor before T ferrooxidans and T.thiooxidans diverged, one might have expected
Tn5468 to be present in the T.thiooxidans strains examined. A plausible reason for the
absence of Tn5468 in T.thioooxidans could be that these two organisms diverged before
T ferrooxidans acquired Tn5468. Nevertheless, the Tn7-like transposon must have become
inserted into T ferrooxidans a long time ago because the three strains with Tn7-like transposon

were isolated from geographical locations as far apart as the USA, Japan and Canada.
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APPENDIX 1

MEDIA

Luria agar (LA)

Tryptone 10g
Yeast extract Sg
NaCl S5¢g
Agar 15¢g

Distilled water 1000 ml

Autoclaved.

Luria broth (LB

Tryptone 10g
Yeast extract 5g
NaCl S5g

Distilled water 1000 mi

Autoclaved.

N-acetyl glucoamamine + Luria agar

Luria agar + N-acetyl glucosamine solution (200ug/ml). N-acetyl glucosamine added after
autoclaved LA has been melted and temp of melted LA had fallen below 45 °C. N-acetyl

glucosamine solution was filter sterilized.
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APPENDIX 2.

BUFFERS AND SOLUTIONS

Plasmid extraction solutions {Ish-Horowicz & Burk, 1981)

Solution I

50 mM glucose

25 mM Tris-HCl

10 mM EDTA

Dissolve Tris-HCl in water, and adjust pH to 8.0 with concentrated HCl. Add glucose and
EDTA. Dissolve and make up to volume with water. Sterilize by autoclaving, and store at

room temp.

Solution 11
Prepare stock solutions of SDS (25% m/v) and NaOH (10 N). Autoclave separately, and store

at 4°C. Prepared weekly by adding 4 ml SDS to 2 ml NaOH. Make up to 100 ml with water.

Solution 111
3 M KoAc
2 M HoAc
Dissolve 29.4 g potassium acetate in 70 ml H,O. Adjust pH to 4.8 with glacial acetic acid.

Sterilize by autoclaving. Store on the shelf.
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TBE buffer (pH 8.0)

Tris 890 mM
(Glacial acetic acid 89 mM

EDTA 25 mM

TE buffer (pH 8.0)

Tris 10 mM
EDTA 1 mM

Dissolve in water and adjust pH to 8.0 with conc. HCL

TE buffer (pH 7.5)

Tris 10 mM

EDTA 1 mM

Dissolve in H,O, and adjust pH to 7.5 with concentrated HCl. Autoclave.

Salt saturated isopropanol

Dissolve 29.22 g NaCl in 10 ml 10 X TE buffer; make up to 100 ml with water. Add 200 ml

isopropanol. Mix well, and allow to stand overnight at room temperature.
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MnCl,4H,0 (Sigma, tetrahydrate) 0.495 g

KOAc (BDH) Analar) 0.147 g
750 mM CaCl,.2H,0 (Sigma) 0.67 ml
50% glycerol (BDH analar) 15.0 ml

Adjust pH to 5.8 with glacial acetic acid, make up volume with H,O and filter sterilize.

ii) TFB-2. (10mM MOPS pH 7.0 (with NaOH) 5.0 ml

1 M RbCl, (Sigma) 0.5 ml
750 mM CacCl, (Sigma, dihydrate) 5.0 ml
50% glycerol (BDH Analar) 15.0 ml

Make up volume with dH,O and filter sterilize.

Southern blotting and Hybridization solutions.

20 x SSC
175.3g NaCl + 88.29 sodium citrate in 800 ml H,0

pH adjusted to 7.0 with 10 N NaOH. Distilled water added to 1000 ml.

Prehybridization solutions.

stock solution

5 x 88C 20X 25.0 ml
5 % Elite Milk powder - 40 g
0.1 N-laurylsarcosine 10 % 1.0 ml

0.02 % SDS 10 % 0.2 ml
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Water - 69.0 ml

Microwave to about 65 °C and stir to dissolve. Make fresh,

Buffer 1:
Maleic acid 116 g
NaCl 879
H,0O to 1 litre.

pH to 7.5 with conc. NaOH (% 20 ml). Autoclave.

Wash buffer:
Tween 20 1.0 ml
Buffer 1 199.0 mi
Buffer 2:
Elite milk powder 80¢g
Buffer 1 190.0 ml
DEA Buffer:
Diethanolamine 193.0 ul
H,O 19.7 ml
1 M MgCl, 100.0 ul

pH to 10 with conc. HCI (& 15 ul).
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Washes

20 x SSC 10 % SDS
A (2 x SSC, 0.1 % SDS) 10.0 ml 1.0 ml
B (0.1 x SSC, 0.1 % SDS) 0.5 ml 1.0 ml

Both A and B made up to a total of 100 ml with water.

Stop Buffer

Bromophenol Blue 025 ¢
Xylene cyanol 025 ¢g
Ficoll type 400 150 g

Dissolve in 100ml water. Keep at room temp.

Ethidium bromide

A stock solution of 10 mg/ml was prepared by dissolving 0.1 g in 10 ml of water. Shaken

vigorously to dissolve and stored at room temp in a light proof bottle.

Ampicillin (100 meg/ml

Dissolve 2 g in 20 ml water. Filter sterilize and store aliquots at 4 °C.

Photography of gels

Photos of gels were taken on a short wave Ultra violet (UV) transilluminator using Polaroid

camera. Long wave transilluminator was used for DNA elution and excision.
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Preparation of agarose gels
Unless otherwise stated, gels were prepared by dissolving 0,8% (m/v) type II low endo-
osmotic agarose (sigma) in 1 x TBE buffer. Solution is heated in microwave oven until the

agarose is completely dissolved. It is then cooled to 45 °C and prepared into a gel mold.

IPTG (Isopropyl-B-D- Thio-galactopyronoside)

Prepare a 100 mM "stock solution" Filter sterilize.

X-gal (5-Bromo-4-chloro-3 indolyl-B-galactoside).
Dissolve 25 mg in 1.25 ml dimethylformamide. To prepare, dissolve 500 4l X-gal, 125 ui

IPTG and 500 yl ampicillin (10 mg/ml) in 500 ml sterilized LA of about 45 °C in temp.
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APPENDIX 3.

GENOTYPE AND PHENOTYPE OF STRAINS OF BACTERIA USED.

E.coli IM1035

GENOTYPE: endAl, thi, rpsL, sbcB15, hsdR4, A(lac-proAB), (F', traD36, proAB,
lacl"ZAM135).
PHENOTYPE: thi’, str®, lac’, pro.

Reference: Gene, 33 (1985) 103-119.

E.coli IM109

GENOTYPES: endAl, recAl, gyrA96, thi, hsdR17(r ,my,), relAl, supE44, A(lac-proAB),
(F,traD36, proAB, lacl"ZAM15).
PHENOTYPE: thi-, nal®, lac’, pro

Reference: Promega catalog.

E.coli CGSC5392

Thr-1, ara-14, leuB6, DE (gpt-proA), lacY 1, tsx-33, qsr'-0, ginV44 (AS), galK2, LAM-, rac-

0, hisG4 (OC), rfbD1, mgi51, rspL31 (Str), kdgK51, xylAS5, mtl-1, glmS1, argE3 (OC), thi-1.

Reference: CGSC Webserver.
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APPENDIX 4.

STANDARD TECNIQUES

Plasmid DNA extraction method (Nucleobond Kit)

Innoculate from single colony into 100 ml LB plus antibiotic.

Grow O/N at 37 °C with shaking.

Harvest cells, Room temp.

Resuspend cell pellet in 4 ml S1.

Add 4 ml S2, mix by inversion; keep at room temp for 5 mins.

Add 4 m! S3. Mix by shaking to homogenous suspension.

Spin at 15 K for 40 mins at 4 °C.

Carefully remove supernatant to fresh tube.

Equilibrate Nucleobond column with 2 ml N2

Load supernatant in 2 to 4 ml amounts.

Wash column with 2 X 4 ml of N3. Elute the DNA with 1.5 ml of N5 (discard the first bed
volume of about 8 to 10 drops). To the eluent (two tubes of about 700 ul each), add 0.7
volumes of plain isopropanol.

Spin at 4°C. Wash with 70 % Ethanol. Resuspended pellet in approx 100 ul of TE and scan

to get the concentration.
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SEQUITHERM CYCLE SEQUENCING
Alf-express Cy5 end labelled promer method.
Use only DNA transformed into end- E.coli strain.

The label is sensitive to light, do all steps with fluorescent lights off.

3-5 kb 3ug
3-7 kb 4ug
7-10 kb 6ilg

Thaw all reagents from kit at RT; mix well before use and keep on ice.
1) Label 200 PCR tubes on side or little cap flap.
(The heated lid removes markings from the top of the tubes)
2) Add 3 ul of termination mixes to labelled tubes.
3). On ice with fluorescent lights off, using 1.2 ml Eppendorf  tubes, Make DNA up to
12.5 yl with MilliQ water.
Add 1 yl of Primer
Add 2.5 ul of 10X sequencing buffer.
Add 1 yl Sequitherm DNA polymerase.
Mix well, spin. Aliquot 3.8 1! from the eppendorf to each termination tube. Spin down.

Push caps on properly.
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Hybaid thermal Cycler.
Program

93 °C for 5 mins 1 cycle
93 °C for 30 secs
55 °C for 30 secs
70 °C for 60 secs 30 cycle 93 °C- 30s: 55 °C-30s:
70 °C for 5 mins. 1 cycle

Primer must be min 20 bp long and min. 50% GC content if the annealing step is to be

omitted. Incubate at 95 °C for 5 mins to denature before running. Spin down. Load 3 ul.

SEQUITHERM CYCLE SEQUENCING

Ordinary method.

Use only DNA transformed into end- E.coli strain.

3-5 kb 3
3-7 kb 4u,
7-10 kb 6i

Thaw all reagents from kit at RT; mix well before use and keep on ice.
1) Label 200 PCR tubes on side or little cap flap.

(The heated lid removes markings from the top of the tubes)

2) Add 3 ul of termination mixes to labelled tubes.

3). On ice using 1.2 ml Eppendorf tubes, make DNA up to 12.5 yl with MilliQ water.
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Add 1 ul of Primer
Add 2.5 il of 10X sequencing buffer.
Add 1 yl Sequitherm DNA polymerase.
Mix well, spin. Aliquot 3.8 ul from the eppendorf to each termination tube. Spin down.
Push caps on properly.
Hybaid thermal Cycler.
Program
93 °C for 5 mins 1 cycle
93 °C for 30 secs
55 °C for 30 secs
70 °C for 60 secs 30 cycles
93 °C- 30s: 55 °C-30s: 70 °C for 5 mins. 1 cycle
Primer must be minimum of 20 bp long and min. 50% GC content if the annealing step is
to be omitted. Incubate at 95 °C for S mins to denature before running.

Spin down. Load 3 yl for short and medium gels; 24l for long gel runs.
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