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ABSTRACT

In prokaryotes, transcription and translation avepted and as a result, the beginning of the
messenger RNA is translated by the ribosome wihiée 3 end is still synthesized. How

exactly this occurs is still not cleaOne possibility is that RNA polymerase and the
ribosomes may be in physical contact with eachrathesome stage during gene expression
or RNA polymerase has a binding site in the ribosenMutational analysis is one method to

explore how coordination between these two moieteesirs in bacteria.

An Escherichia coli strain with all seven chromosomal ribosomal RNAeroms deleted,
replaced by a singlenB plasmid-borne operon, was used to isolate ribos&N& mutants
with increased rifampicin resistance, two of whiekre studied further. The alterechB
operon in pGM1 was obtained by spontaneous whlggiGM2 by EMS mutagenesis. The
mutatedrrnB operon in pGM1 conferred resistance to 25ug/mifampicin while in pGM2
resistance of 30pug/ml was observed. A base sutistitof T to A at position 355 of the 23S
rRNA was detected in pGM1and no nucleotide chang®e aetected in pGM2. The successful
isolation of ribosomal RNA mutants with rifampiciresistance is consistent with the
hypothesis of interaction between the RNA polymerasd the ribosomes and suggests the

part of this interaction is with the large ribosdreabunit.
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CHAPTER 1

INTRODUCTION

1.1. Central dogma

In all living organisms, gene expression is thecpss by which information stored in nucleic
acid is used in the synthesis of a functional gemoeluct. These products are often proteins,
but in non-coding genes such as ribosomal RNA genémnsfer RNA genes, the product is
a functional RNA. The process of gene expressiomsed by eukaryotes, prokaryotes and
viruses to generate macromolecular components llyguateins, used to sustain life. The
central dogma of molecular biology governs theagerand transfer of information in DNA,
RNA, and proteins. It is the frame of understandimg flow of information between genetic
elements in living organisms. Since its formulatipnFrancis Crick in 1958, (Buriagt al.,

1998)it has been used as a keystone in molecular biology

The transfer of information described by the cdnttagma is sequential, wherein one
sequence of one biopolymer is used as a templatedaconstruction of another biopolymer.
Firstly, DNA is replicated by a complex group obpins that unwinds the double-stranded
helix and DNA polymerase to make more copies of DINA. The replicated DNA is then
used as a template to synthesize messenger RNA AhRX RNA polymerase during a
process called transcription. Transcription isda#d by translation of the mRNA transcript

into proteins by the ribosomesigure 1.1).



replication
(DNA -> DNA)
DNA Polymerase

DOTVDODA ONA

transcription
(DNA -> RNA)
RNA Polymerase

WA RNA

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0-0 Pprotein

Figure 1.1 Central dogma of molecular biology and the flofirrdormation indicating that
genes are expressed by being transcribed from NRNA with subsequent translation of
the RNA transcript into a functional protein (Adegtfrom Crick, 1958).

1.2. Coupled transcription-translation

Transcription is the first major step of the expres of genes. In transcription, RNA
polymerase synthesise an mRNA transcript from thaéing strand of DNA. The second
major step is translation, the process of makingodypeptide chain from an mRNA
transcript. In eukaryotic cells, the nucleus andoplasm are separated by a nuclear
membrane whiclmeans that after the mRNA is transcribed it halsetdransported from the

nucleus to the cytoplasm where it can be bounddmgsomes for translation.

In contrast to eukaryotic cells, prokaryotic calls not have a nuclear membrane separating
the two cellular compartments. As a result, gen@ession is the result of a coupled process
between transcription by RNA polymerase and trdiosidby the ribosome and its cofactors.
RNA polymerase reads the three nucleotides fordaman the DNA to produce mRNA at a

similar speed as the translating ribosome decodesetthree bases for extension of the

-2-



growing polypeptide by one amino acid. This meduas the translation machinery that reads
the mRNA follows the RNA polymerase as it extertis mRNA chain (Martin and Koonin,
2006). Therefore prokaryotic transcription is cadpto translationHigure 1.2).

]EI"-Iﬁ
alymerase
ny

'

Translation

Figure 1.2: A prokaryotic cell showing an mRNA transcript beinanslated into protein by
the ribosome (Adapted from Frenetal., 2007).

How this occurs, if and how coordination happessiat clear. In certain cases, depending on
an efficient translation initiation frequency, ttranslation machinery can be close enough to
the transcription machinery so one can anticipatesient physical interaction between the

two machineries.

1.3. RNA polymerase

The RNA polymerase dEscherichia coli is amultisubunit enzymehat exists in two forms,
namely the core and holoenzyme. The core enzyméohapolypeptide subunits: alpha)(
beta (), betd (B") in the stoichiometryo,pfp’ (Zhang et al., 1999). RNA polymerase
holoenzyme has the same subunits as the core enzigman additional sigmao) subunit.
The twoa subunits assemble the enzyme and begulatory factors. Each subunit has two
domains, namelyn CTD (C-Terminal domain) which binds upstream oé tbxtended



promoter andg NTD (N-Terminal domain) which binds to the resttioé RNA polymerase.
The B-subunit has the polymerase activity and is mamplved in the synthesis of RNA!
binds non-specifically to DNA whilen restores disassociated RNA polymerase to its
functional form and it has been reported to offaamerone function irMycobacterium
smegmatis (Mukherjee and Chatterji, 2008). Thesubunit helps to reduce the affinity of the
core enzyme for non-specific DNA and greatly inse=athe affinity for the promoters during

the initiation of transcription (Murakaret al., 2002).

Table 1.1:Composition of bacterial RNA polymerase

Subunit Molecular Stoichiometry Genes
weight
(kDa)
o 40 2 rpoA
B 145 1 rpoB
pB' 160 1 rpoC
o 85 1 rpoD
® 10 1 rpoZ

1.3.1. Action of RNA polymerase

RNA polymerase catalyzes the synthesis of mRNA ngurtranscription. Prokaryotic
transcription is divided into three stages; initiaf elongation and termination. During
initiation RNA polymerase core enzyme, associatét wmitiation factor ¢), forms an initial
closed promoter complex by recognizing two hexanmérsonsensus DNA sequences: the
Pribnow box (-10 element), centered at about -1i wespect to the transcription start site
(+1), and the -35 element (Murakami, 2002). Afterding to the DNA, transcription factors



unwind the DNA strand and allow RNA polymerasertmscribe only the antisense strand of
DNA into mRNA. Transcription elongation involvesetfiurther addition of ribonucleotides
as RNA polymerase moves along the DNA until it hemca terminator sequendd. that
point, RNA polymerase releases the mRNA polymerdetdches from the DNA.

1 111 L |
.:_J' ; . ' r . ; :
Promoter |_ DNA helix

RNA I")H]_\'Illt.‘ril.‘it'.." “Sigma factor
Initiation
D,
Elongation e
_-RNA
Termination @ Polymerase

RNA e x
" Rho factor

Figure 1.3: Mechanism of transcription by RNA polynerase.The anti-sense strand to be
transcribed is depicted lmlue The incoming RNA polymerase holoenzyme=(1g9 binds to
the promoter depicted ir: . The terminator sequence is depictedrimen(Adapted

from Orphanides and Reinberg, 2002).

1.4. The ribosome

The ribosome is a macromolecular complex of — iokaryotes — three ribonucleic acid

molecules (RNAs) and over fifty ribosomal proteios which the second step of gene
expression, translation, takes place (Elliott atistE, 2002). Ribosomes have been described
as ribozymes since the rRNA seems to play an impbntole in the peptidyltransferase

activity that links together amino acids duringiskation. In particular, the coupling of amino

acids to form peptides (peptidyl-transferase reagtis catalyzed by domain V of the 23S

rRNA, known as the peptidyltransferase centre (Beaite, 1992). This structure has been
highly conserved through evolution due to its ioléranslation.



The prokaryotic ribosome (70S) is made of two sutisureferred to as the large (50S) and
small (30S) subunits. IBscherichia coli the large subunit is composed of ab84ditproteins
and two rRNA components — the 5S and 23S of 120 28@D nucleotides in length
respectively. The small subunit is composed of 2atgins and 16S rRNA of 1540
nucleotides in length (Yusupost al., 2001). The rRNA component of the prokaryotic
ribosome will be the main focus of this study. Hegna more detailed discussion follows on
the specifics of the rRNA components and theirgahetranslation.

1.5. Antibiotics

Antibiotics arechemical substances that kill, or inhibit the growf other microorganisms.

They are derived fronSreptomycetes, which are predominantly found in soli and on
decaying vegetation.These substances are secomasapolites since their production is not
required for the growth of the microorganism prddgcthem. Large scale production is
carried out using fermentation in an aerobic emmment. Antibiotics are mainly classified as
bactericidal; those that kills bacteria or bactstatic; those that inhibits the growth of

bacteria (Blacheford and Cegange, 2006).

The first antibiotic to be isolated was penicillirom Penicillium notatum by Alexander
Fleming in 1929 (Diggins, 2003; Fleming, 1980). iegim was produced on a large scale
using a culture ofPenicillium notatum during the 1940s. The high demand for
chemotherapeutic agents to treat wound infectioneangd World War 1l led to the
development of a production process for penicdina this marked the beginning of an era of
antibiotic research and continues to be a mostrfasiog area of microbial biotechnology

even today.

Antibiotics differ chemically and in the way theyhibit microorganisms. Certain antibiotics
destroy bacteria by affecting the structure of rtheeill walls and cell membranes. Another

way is by interfering with the organissnmetabolism. A large number of antibiotidable



1.1); such as macrolidedetracyclines, and aminoglycosides are known tgetarthe
ribosome. This may be useful in the study of inteoam between RNA polymerase and the

ribosome.

Table 1.2: Selected antibiotics and their targets

Antimicrobial agent Target

Rifampicin B subunit of RNA polymerase

Chloramphenicol Peptidyltransferase activity, 23S rRNA

Erythromycin Exit tunnel, 50S subunit

Kasugamycin P-site bound fMet from 30S subunit

Streptomycin Formyl-tRNA of the 30S rRNA

Tetracycline Docking of the amino-acylated tRNA in the
16S rRNA

(Vannuffel, and Cocito, 1996; Reatital., 1999; Lambert, 2005).

rRNA is the target of several antibiotics such &om@mphenicol (Mankin and Garrett,
1991), erythromycin (Lucier et al., 1995; Greget\al., 2001), kasugamycin (Vila-Sanjurjo,
1999), spectinomycin (Gonnor and Dahlberg, 2002; Criswetl al., 2006), streptomycin
(Honoreet al., 1996), and thiostreptone (Thompson and Cumdlf®96). In most cases, a
single mutation in the rRNA may confer resistanzetparticular antibiotic relating to the
fact that they interact with the ribosome.

In early functional studies of ribosomal mutationsch focus was on ribosomal proteins
rather than the rRNA components. This was due werak reasons and amongst that was



because it was assumed that enzymatic activitiégdibe a function of proteins and mutants
resistant to ribosomally-targeted antibiotics hdterations in the ribosomal proteins.
Secondly, ribosomal proteins are relatively stahlfe] amenable to purification as compared
to their rRNA counterparts. Lastly, isolation ofNR mutants has been difficult due to the
presence of multiplern operons in most experimental organisms. This folybeeflects the
need for high levels of protein synthesis in rapglowing bacteria. For example, tRecoli
(Asaiet al., 1999) andBacillus subtilis (Javiset al., 2000) genomes contain seven andrten

operons respectively.

Resistance of many antibiotics, including streptomyspectinomycin and erythromycin, is
“recessive” or weakly co-dominant to sensitivity eshthe mutation conferring resistance
alters ribosomal proteins (Gregory and Dahlberd)920Dominance of sensitivity is best
documented for streptomycin-resistant mutationswimch streptomycin-resistant/sensitive
merodiploids contain ribosome of both normal antkrat types and are still nearly as
sensitive to the bactericidal and bacteristaticvdigts of streptomycin as are streptomycin-
sensitive cells (Springest al., 2001). Therefore, a mutation in an rRNA gene amsght go
undetected due to dominance of sensitive ribosatmais contain rRNA synthesized from
non-mutantrrn operons in the same cell. This was observed @p&imycin, spectinomycin
and erythromycin in early ribosomal mutation stgdie

1.6. Rifampicin

Rifampicin (CsHsgN4O12) has a molecular weight of 823 g.mdTupin et al., 2010). This
compound is an odorless red-brown crystalline powdach readily dissolves in methanol.
The lipophilic characteristics of rifampicin coitute considerably to its ability to cross the
cell wall barrier by passive diffusion. It is a bbspectrum bacteriostatic drug that is
predominantly used as the first-line antibioticghe treatment of tuberculosis (TB), leprosy
and a growing number of Gram-positive bacteria saagimultidrug-resistarftaphylococcus
aureus. Much of the membrane of this acid-fast Gram positbhacteria is mycolic acid

complexed with peptidoglycan, which allows easy sraent of the drug into the cell.



Rifamycins were discovered in 1959 by Sestsal., produced by a strain é&mycolaptosis
mediterranei (previously known astreptomyces mediterranel and Nocardia mediterranel)
and were introduced in therapy in 1962. Rifamyamns active against a large variety of
bacteria and some eukaryotes (Gardeteal., 1991). They have a broad activity against
Gram-positive bacteria and, to a lesser extent, inagaGram-negative bacteria
(Pukrittayakameeet al., 1994). Ansamycins are structurally characterised by tipéanar
naphthoquinone ring in which positions 3 and 4 h&een extensively modified by
hemisynthesis to yield commercial antibiotics sashifampicin Figure 1.4).

Figure 1.4: The chemical structure of rifampicin(www.bikudo.com/rifampicin).

The most important functional groups of rifampieire the two free hydroxyl (OH) groups at
positions 21 and 23 of the ansa ring , the twogeryatoms (©and Q) at positions €and

Cg and the unsubstituted hydroxyl groups;{@nd Q) at positions & and Gz of the
naphthoquinone ring Figure 1.4). These groups are considered to be essential for
antimicrobial activity as they are involved in tlegmation of a tight but reversible linkage
between rifampicin and RNA polymerase. Modificatiof the ansa bridge or any

modification that alter the conformation of the afsidge reduces antimicrobial activity of



this compound. Any modification involving a sulbgtion, change in molecular size of
which is not important or elimination of the hydgbxyroups results in an inactive compound
(Wehri and Staehelin, 1991).

1.6.1. Mode of action

The antimicrobial activity of rifampicin is due td inhibiting DNA-dependent RNA
polymerase by binding it8-subunit. This drug blocks the pathway of the edimg RNA
transcript when it is 2 or 3 nucleotides long. Tiigating nucleotide binds the RNAP i-site (i
= initiation site at -1 position), while the secondcleotide binds at the i+1 site. After a
phosphodiester bond has been formed between theniwleotides, RNAP is translocated.
Consequently, the i+1 nucleotide occupy the i-gttéhe -1 position and the i-site nucleotide
moves into the -2 position (Campbetlal., 2001).

The physical association of rifampicin to tiesubunit of RNAP results in a severe steric
clash with the Striphosphate of the initiating nucleotide at tfZe position. Owing to the
conformational change in the enzyme, the synthelihie second phosphodiester bond is
inhibited (Wehrli and Staehelin, 1991). Consequer®NAP remains at the same template
position, the 2 nucleotide transcript is released this futile cycle resumes. The mechanism
of RNAP inhibition by rifampicin is shown iRigure 1.5 If the third phosphodiester bond of
the RNA transcript has been formed the drug isongér able to exert its effe@@ampbellet

al., 2001). A possible explanation may be that themex comprising the DNA template,
RNAP and the RNA transcript, has undergone a camdtipnal change, eliminating binding
sites for rifampicin.

-10 -



; 0\ 3 RNA
4 ) ;\ ® transcript
o o )
VP - /
%'y
& 3 -2
- -1
D=t % B Mg*
! < 9 ’-'f : ‘,"“ i Q
/' Lo P41 (i+1 site)
(i-site)
DNA
template
strand

Figure 1.5: Mechanism of RNA polymerase inhibitionby rifampicin (Adapted from
Campbell et al.,, 2001). Mg2+ is represented by theagenta sphere. The incoming
nucleotide substrate at the -1 position is shownréenand the -1 and -2 positions that can
be accommodated in the presence of rifampicin aleuced in . The RNA further
upstream (-3 to -8) is colouredl<. The DNA template strand grey. Rifampicin is shown
positioned in its binding site on tigesubunit. The carbon atoms are colouredrimgewhile
the oxygen inred and nitrogen irblue, (Nicholls et al., 1991). The rifampicin is partially

transparent, illustrating the RNA nucleotides @to -5) that sterically clash.

1.7. Resistance to rifampicin

Despite the highly efficient mechanism of inhibgibacteria, rifampicin is by no means the
perfect antibiotic. The biggest challenge arisesnfithe fact that bacteria can acquire high
level resistance to this drug through a varietymaftations. This is surprising, since the
reason rifampicin works so well is that it is aidignolecule, and sits tightly in the pocket

where it binds, allowing the bonds to be very sgroHowever, this also means that if an
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amino acid on the edge of the channel with a seixdd chain is replaced with an amino acid
with a large side chain, rifampicin may not be abl®dind, simply because it cannot fit in the
space. Resistance to rifampicin by mutation ofténget is widespread but not unique. Other
mechanisms of resistance have been reported, sudugication of the target, action of
RNA polymerase-binding proteins, modification ofampicin and modification of cell
permeability (Tupiret al., 2010).

1.7.1. Resistance by mutation of target

Rifampicin interacts with th@-subunit of RNA polymerase encoded ippB gene. Binding

of the molecule to RNA polymerase involves 12 amacals residues and mutagenesis of at
least one of the residues results in a resistaangtiype (Campbebt al., 2001). InE. coli,
rifampicin resistance mutations are usually locatethe central region of the polypeptide,
within cluster | (amino acids 507-533), clustefdmino acids 563-572) and cluster Il (Floss
and Yu, 2005), and they can also occur near theridihus of the3-subunit (Severinoet

al., 1994).

1.8. TheA7 system

Isolation of rRNA mutants was difficult because tNA genes are present as multiple
copies in nearly all bacteria. This has becomelsstagle to many studies of rRNA because
the mutation in one rRNA gene would be masked leyrlRNA originating from the other
unaltered genes. For example, heoli (Asaiet al., 1999) andacillus subtilis (Javiset al.,
2000) genomes contain seven and ten rRNA operapgcévely. This is contrast to different
Mycobacterium strains; Mycobacterium smegmatis has two rRNA operons while
Mycobacterium leprae and Mycobacterium tuberculosis both have a single rRNA operon
(Kempsellet al., 1992; Gonzales-y-Merchand, 1996).

Several hypotheses have been proposed to expkainitie variation observed in rRNA copy

number. It is generally assumed that the multimpies of rRNA operons in prokaryotic

organisms are required to achieve high growth rétesvever, the marginal impact of rRNA

-12 -



operons inactivation on the maximal growth rate (m et al., 1997) suggests that the
capacity for rapid growth is not the sole deterrtioraof rRNA operon copy number. The
number of transcripts that can be initiated at &NA operon promoter and the
transcriptional rate of RNA polymerase set a maximrate on the number of ribosomes that
can be produced from a single rRNA operon. Giverhigh demand for rRNA transcription
and the central role of rRNAs in the regulationribbsome synthesis, it is conceivable that
the number of rRNA operons may dictate the rapidiith which microbes can synthesize
ribosomes and respond to favourable changes intgroanditions (Stevenson and Schmidt,
2001).

Despite the obstacle to rRNA studies due to mdtiph operons in experimental organism;
this can be overcome by the construction oEacoli strain in which all seven chromosomal
rRNA operons are inactivated by deletions spaniiveg 16S and 23S coding regions. A
single E. coli rRNA operon carried by a multicopy plasmid suppl&S and 23S rRNA to
the cell. TheA7 system has been used doccessfully isolate rRNA mutants conferring
resistance to antibiotics such as streptomycin k@inet al., 2005), chloramphenicol
(Kehrenbergt al., 2005), and tetracycline (Trieber and Taylor,2000nnellet al., 2003).

1.9. Aim of the study

The aim of this study was to investigate one pdsslplanation for coupled transcription-
translation coordination that occurs in prokaryotisce rifampicin is known to target RNA
polymerase and rRNA is a central component of ifh@somal translation process, the focus
of my work was to attempt to isolate rRNA mutantsferring resistance to rifampicin.
Ability to isolate rRNA mutants on the ribosome ttr@nferred resistance to rifampicin
would suggest that there is indeed an intimatesiesuh contact between the two moieties.
This hypothesis of a possible intimate transieméraction between these two moieties is
supported by the sigma operon observeH.iooli K12. This operon encodes DNA primase,
the o-subunit of RNA polymerase and 30S r-protein S2dictv are essential for replication,
transcription and translation respectively. Anotegample is the interaction of 50S r-protein
L2 with the a-subunit of RNA polymerase (Rippa al., 2010). These studies support the
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hypothesis that there is indeed interaction of viaial ribosomal proteins with RNA

polymerase.

Isolation of rRNA mutants was done by using Bn coli strain in which all seven
chromosomal rRNA are deleted, and only one rRNArapdorne on a plasmid is present.
Mutants were generated and screened using spontapechemical mutagenesis and marker
rescue to identify rRNA mutants.
Specific experimental objectives:

1. To obtain rRNA mutants with altered resistancefampicin

2. To optimise the phenotypic expras of the mutant(s)

3. Study the effects of mutati@m other selected antibiotics

4. Determine the nature aositon of mutations by DNA sequencing

5. Perform site-directed mutagenesis to confinat the mutations detected

were responsible for the change in phenotype
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CHAPTER 2

MATERIALS AND METHODS

2.1: Bacterial strains and plasmids used in thistsdy

Table 2.1:Bacterial strains used in this study
Strains Characteristics Source

Escherichia coli

MM294-4 endAl, hsdR17, gyrA E. Dabbs

SQZ10 A 7 rRNA, pHK+rnC" SacB- S. Quan
KanR, ptRNA67-SpcR

SQ170 A7 rRNA, pKK3535, S. Quan
pPtRNAG7-SpcR

Table 2.2:Plasmids used in this study

Plasmids Characteristics Source/reference
pDA71* E. coli-Rhodococcus shuttle vector E. Dabbs

with theEcoRI suicide gene

inactivated
pKK3535 pBR322 derived vector carrying an  Brosiuset al., 1981

rrnB operon and Amp-R marker

pGM1 AT rRNA, pKK3535, ptRNA67, rif-R This work

pGM2 AT rRNA, pKK3535, ptRNA67, rif-R This work
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pGEM-T-Easy E. coli cloning vector with lacZ Promega
gene, Amp-R, single '3thymidine
overhangs, SP6 and T7 promoters

pKGEM EcoRl 2051bp fragment fron This work
pKK3535 ligated into pGEM-T-
Easy

pGM1-pKK7 pGM1 4293bBamHI fragment This work
ligated to the 7503bpamH]

fragment of pKK3535

pGM2-pKK7 pGM2 4293bBamHI fragment This work
ligated to the 7503bBamHI

fragment of pKK3535

pGM1-pKK4 pGM17503bBamHI fragment ligated to  This work

the 4293bBamHI fragment of pKK3535

pGM2-pKK4 pGM2 7503bBamHI fragment ligated This work
to the 4293bBamHI fragment of

pKK3535
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2.2. Media and growth conditions

Luria-Bertani (LB) (Appendix) media was used fooging E. coli strains. Liquid cultures
were obtained by inoculating a single bacteriaboglinto 5ml LB medium and incubated at
37°C overnight. For short-term storagg, coli strains were kept on LB-agar plates
(Appendix) at 4C and for long-term storage the strains were grimwd8% glycerol and kept
at-70C.

2.3. Determination of minimum inhibitory concentration (MIC)

The minimum inhibitory concentration of antibiotiess determined on LB-agar plates Eor

coli by agar dilution method. Freshly grown single oo¢és were inoculated into 200ul of
sterile distilled water per well of the replicatptate. This was then transferred to the
antibiotic plates with a multipoint inoculator. Aloibtic-free plates were used as positive

controls. The spot test results were analyzed afterbation at 37°C for 48- 72 hr.

2.4. Plate patching technique

This technigue was employed to detect particulaenptypes ofE. coli under varying
conditions of antibiotic concentration. Individuadlonies ofE. coli were picked up using
sterile toothpicks and streaked on LA and LA platapplemented with an antibiotic. The
streaking was done in a manner such that eachidhgilV colony could be identified on
different LA plates. To achieve this, a numberetlgsa was placed under each LA plate, and
a streak was made on a particular correspondingpaurithe LA plates were then incubated
for various duration of time (1-2 days) at 37°C.eTphenotype was assessed based on the

ability of the streaked cells to form confluent\gth.
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2.5. Marker rescue

The marker rescue technigue was used to confirrmiftations observed are plasmid-borne.
A pool of resistant clones was grown in LB af@7vernight. Plasmid DNA was extracted
and transformed intk&. coli SQZ10. Transformants were selected on LA platpplsmented
with 200pug/ml ampicillin and transferred to LA pat supplemented with 200pg/mi
ampicillin and 6% sucrose (Appendix) after 24 hineTpresence of sucrose in the selection
media makes the growth condition to be more favderto the incoming plasmid, and thus

displaces the resident plasmid.

2.6. DNA preparations

2.6.1.E. coli bulk plasmid preparations

A single colony was used to inoculate 100 ml of wBh appropriate selective antibiotic for
the maintenance of the plasmid. The culture wasvgrovernight with gentle agitation at
37°C. Cells were harvested by spinning in a JAdtOrr(Beckman) at 10 000 revolutions per
minutes (rpm) for 10 minutes (min) and then resadpd in 5 ml of solution | (Appendix). A
10 ml of solution Il (Appendix) was then added he ttell suspension and mixed gently by
inversion. The mixture was left to stand at roommgerature for 15 min. Then 7.5 ml of
solution Il (Appendix) was added and shaken vigstg and then left on ice for 15 min.

The cell debris were removed by spinning in a grided (4°C) JA-20 rotor at 15 000 rpm
for 10 min. The supernatant was transferred teealstJA-20 centrifuge tube and the DNA
was precipitated with 12ml of isopropanol. The g#ation process was allowed to continue
at room temperature for 15minutes. This was folldwg centrifugation at 15 000 rpm for 15
min at room temperature. The supernatant was dettait and the DNA pellet washed with
2ml of ethanol. The ethanol was gently poured aff the DNA pellet was vacuum-dried for
20 min. The DNA was re-suspended in 4ml TE buffspdendix) for 2 hours with gentle
agitation. Thereafter, 4.1 g of cesium chloride @gsvas added and dissolved by mixing
gently, followed by adding 600ul of 1% ethidium bmde (EtBr) (Appendix). The refractive
index was adjusted to be between 1.387 and 1.380X@nits =100mg CsCl if the index was
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below or 0.001 units= 100ul TE if the index was \&jo The mixture was loaded into a
Beckman Quick-seal tube using a Pasteur pipette.tlibe was sealed, balanced and ultra-
centrifuged overnight at 45 000 rpm in a Beckmantica@ VTi 65.2 rotor. The plasmid DNA
was extracted from the tube using a needle attathed hypodermic syringe. DNA was

purified as described in secti@rn7.1.3

2.6.2.E. coli mini plasmid preparations

Individual bacterial colony was inoculated into lmid LB containing the appropriate

selective antibiotic. This was incubated at 37°Ghvagitation overnight. The culture was
transferred into sterile Eppendorf tube and thésdedrvested by microfuging for 1 min. The
supernatant was decanted off and the pellet resdspein 80ul of solution | by vortexing

briefly. Then 160ul of solution 1l was added to tbell suspension and mixed by gently
inversion of the tube. The tube was left to stantbam temperature for 15 min. Thereatfter,
120ul of solution 11l was added and the mixturek&mavigorously and kept on ice for 5 min.
Cellular debris was removed by microfuging at 4@ 10 min. The supernatant was
collected into a new sterile Eppendorf tube anaqaain a water bath (42°C) for 2 min to
warm the supernatant. Isopropanol (220ul) was adaeldthe precipitation process allowed
continuing at room temperature for 5 min followegddentrifuging at room temperature for 5
min. The pellet was washed with 150ul ethanol axcbum-dried for 20 min. The DNA was

then resuspended in 100ul of sterile distilled watentaining freshly boiled ribonuclease
(RNaseA) (1pl of 10mg/ml). A small aliquot was azad for presence of plasmid DNA on

0.8% agarose gel.
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2.7. DNA manipulations and cloning techniques

2.7.1. DNA precipitation

2.7.1.1. Salt and ethanol precipitation

DNA was precipitated from aqueous solution with ¥éBume of 1M NaCl and 2 volumes of
ethanol. The mixture was microfuged at 4°C for 20.rnThe supernatant was decanted and
the remaining liquid removed by blotting on a pafmwxel. The DNA pellet was vacuum-
dried for 10-20 min and resuspended in the appatgnvolume of sterile distilled water.

RNaseA (10mg/ml) was used to remove contaminatiNg R

2.7.1.2. Isopropanol-mediated DNA precipitation

After the addition of isopropanol (220ul), the d¢mn was mixed by inversion and left to
stand at room temperature for 5 min. The solutias #hen centrifuged at room temperature
for further 5 min. The pellet was washed with 1561196% ethanol and vacuum-dried for 20
min. The plasmid was resuspended in an appropsateme of sterile distilled water

containing RNaseA.

2.7.1.3. DNA precipitation from CsCI gradient

Ethidium bromide was removed from the DNA by thaoumixing with 0.1 volume of

butanol. EtBr suspended in butanol forms a toprlayehe tube, which is removed. This
procedure was repeated at least 3 times until tlvere no traces of EtBr. This left the DNA
in CsCI solution. The DNA was stored at -20°C unéitiuired. The salt was removed by
adding 2 volumes of sterile distilled water and Yotumes of 96% ethanol and precipitated
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by centrifugation at 4°C for 20 min. The pellet waacuum-dried and resuspended in

appropriate volume of sterile distilled water.

2.7.1.4. Phenol-chloroform extraction

The DNA solution in water was extracted by additmmnl/3 volume TE-saturated phenol
(Appendix), mixed by inversion and microfuged abmotemperature for 5 min to separate
the organic and aqueous phases. The upper aquea@rswas transferred into a new sterile
Eppendorf tube and where necessary, as in theafasdracting DNA from agarose gels, a
further phenol step was performed. Then 1/3 voluofeshloroform was then added to the
aqueous layer and mixed gently by inversion. Tlgawoic and aqueous layers were separated
by microfuging at room temperature for 2 min. Thgper aqueous layer was transferred into
a sterile Eppendorf tube and the DNA was precigitdtty the addition of 1/3 volume of NaCl
as described i2.7.1.1.

2.7.2. Restriction enzyme digestions

Enzymes were obtained from Fermentas and useddaegaio manufacturés instructions.

The total volume of digestion was 15ul (13.5ul DEd 1.5ul 18 buffer). The mixture was

tapped briefly to ensure even buffer distributiomd aspun down for 5 sec. 0.5-1ul of
restriction endonuclease was added and the comeresd and re-spun briefly. Digestions
were incubated at the appropriate temperature #timmal enzyme activity for at least 4 hr.
For double digestions an appropriate buffer in Wwhoth enzymes showed suitable activity
was selected, otherwise the digestions were peddreequentially starting with the enzyme

that require a lower incubation temperature.
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2.7.3. Ligation of DNA

T4 DNA ligase (Fermentas) was used for all ligatiggrocedures. The total volume for
ligation was kept minimal at 20ul. Vector DNA amdert DNA were added at a ratio of 1:3
respectively. Ligation buffer and the appropriatdume of sterile distilled water were added
to the DNA sample, mixed by tapping and microfufmd5 sec. Subsequently, 1ul of ligase
was added, remixed and re-spun. Ligation was paddrin a water bath set at 22°C for 16-
22 hr.

2.7.4. DNA extraction kit

Purification of DNA bands excised from digestedspiéds loaded on low-gelling agarose
was performed by using a NucleoSpin Extraction itl (Macherey-Nagel) according to

manufactureés instructions.

2.7.5. The freeze-squeeze method

DNA was digested with appropriate restriction engddease and fragments were separated
on agarose gel. The fragment of interest was excisam the gel with a scalpel while
viewing under long wavelength UV light (366nm). e€Tel slice was transferred into a sterile
Eppendorf tube where it was crushed with a stepktula. The crushed slice of gel was kept
at -70°C for 30 min and it was thawed at room ta@pee. Following thawing it was
microfuged for 6 min and the supernatant colleéted a sterile tube. A second round of
crushing, freezing, thawing and centrifuging waseloThe DNA which was suspended in
the collected supernatant was purified by phentdroform extraction ir2.7.1.4 The DNA
was re-suspended in appropriate volume of steiskdldd water.

2.7.6. Determination of DNA concentration

In order to measure the concentration of DNA sohytian aliquot was first run on a gel,

which was then quantified using UVP LabWorks Ima#&gejuisition and Analysis Software
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(Ver.4.5) by comparing band intensity between tid¢ADand the molecular weight marker,

for which the concentration had been predetermimetthe manufacturers.

2.7.7. Alkaline phosphatase treatment

Fast thermosensitive alkaline phosphatase (Fersentas used to prevent the vector from
ligating to itself. The alkaline phosphatase rensotree 5 phosphates that are necessary for
ligation by DNA ligase. Without these phosphates\thctor cannot ligate on its own but can
still ligate to the insert that retains itsghosphates (Weaver, 1999). Following digestion of
the vector, {il of alkaline phosphatase angl5L0x fast alkaline phosphatase buffer was
added to the reaction mixture. The reaction mixtwas incubated for 10 min at 37°C

followed by heat-inactivation at 80°C for 20 min.

2.8. Gel electrophoresis

2.8.1. Agarose gel electrophoresis

Agarose solutions stock solutions were prepared0.fsx TBE buffer (Appendix) at
concentrations of 0.4%, 0.6% or 0.8% (Appendix)edgfing on a fragment size to be
separated. The solutions were sterilized by awoala(121°C, 20 minutes). Fragment sizes
>10kb were analyzed on 0.4% agarose gels and 2-10kb 8% @garose gels. Gels were
prepared by melting the agarose stock solution mic@owave oven. A volume of 25ml of
the melted agarose was mixed with 2.5ul of a 1% BdBution. The mixture was poured in a
gel tray with a 12-tooth well comb and allowed tymerize at 4°C for 20 min. Combs were
removed when the gel had completely set.

0.5x TBE electrophoresis buffer mixed with 1% EtBr fmo was poured into an
electrophoresis tank. DNA samples were loaded @jithof bromophenol blue tracking dye.
GeneRuler™ DNA 1KB ladder Plus mix (Fermentas) was used Ireldctrophoresis runs

using a Hoefer PS 500xdc power supply. The prosesscarried out at room temperature,
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80V and a current of 21-28mA, until the dye froeached the bottom of the gel. DNA sizes
were quantified from standard curve generated frongrations distances of known
molecular weight marker sizes run on the same & concentrations were estimated by
comparing the intensity of the bands to bands milar intensity and known concentration.

tTM

The DNA was visualized and captured using the UNGDBc-It' ™ system.

2.8.2. Low gelling agarose gel electrophoresis

Prior to usage, 20 ml of 0.6% low gelling agaras®.5< TBE buffer was autoclaved. EtBr
was added to a final concentration of 1 mg/ml, #mel agarose was poured into a tray
inserted with a comb and polymerized at 4°C fon86. The gel was placed in a pre-cooled
electrophoresis unit containing 8. 3BE. DNA samples were mixed with bromophenol blue
tracking dye and loaded into the wells; electropk was conducted at 75 V at 4°C. Using a
scalpel under a UV light, a band of interest wasised from the gel, from which the DNA
was extracted by either phenol-chloroform extractiw freeze-squeeze method. In case of
the phenol-chloroform extraction, the piece of agarcarrying the DNA was melted at 60°C
for 30 min, followed by three phenol extractiongtBeen each extraction, 1/15 volume of 1
M Tris-HCI (Appendix) was added. One chloroformragtion was then conducted, followed
by precipitation of the DNA.

2.9. Transformations

2.9.1.E. coli CaCl, transformation

A flask containing 20 ml of pre-warmed LB supplenshwith 0.5% glucose (Appendix)
was inoculated with 200ul of an overnight culture E& coli SQZ10. The culture was
incubated with vigorous shaking at 37°C until thBe63 of 0.2-0.4 had been reached. That
OD was generally obtained by incubating for a mummof 1hour 45 min - 2 hours. The
flask was chilled in an ice-water slurry for 5 naind the cells were harvested in a pre-chilled
Beckman JA-20 rotor at 10 000 rpm for 5 min at 4Pe supernatant was discarded and the
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cells re-suspended in 10 ml of ice cold Gathnsformation buffer (Appendix). The cell
suspension was placed on ice for 15 min and reiteyegd at 10 000 rpm for 5 min. The
supernatant was decanted and the cells re-suspandeg ml of transformation buffer. The
cells were left on ice for 2-24 hours in the cadm (4°C).

Aliquots 100ul of the cell suspension were placed pre-chilled sterile Eppendorf tubes and
about 5-10pl of plasmid DNA was added and mixedhie cells by bubbling air through.
The DNA plus cell suspension was left on ice formi to allow for diffusion. The cells
were then heat-shocked at 42°C for 90 seconds.ldmeof 500ul of pre-warmed LB was
added to the cells after heat shocking and incdbgte 1hr at 37°C to allow phenotypic
expression of the resistance genes. The cells there spread onto LB-agar containing an
appropriate selective agent and further incubate@vernight at 37°C. Colonies were visible

after the overnight incubation f&: coli strains.

2.9.2. Electroporation

E. coli SQZ10 cells were prepared for electroporationnmgulating a fresh colony into 5ml
of LB broth and incubated overnight at 37°C. Theraight culture was then diluted 200n

LB broth and grown at 37°C until the @ was <0.5. The cells were washed twice in
electroporation buffer (Appendix) at 4°C. An aliquaf 100ul of theE. coli cells was
transferred into an Eppendorf tube and 5-10ul ofADMas added. This was mixed by
bubbling air through and left to stand on ice fOrrhin to allow diffusion. The mixture was
then transferred into a pre-chilled electroporatomvette and electroporated (25uF, 2.0kV
and 20@). LB broth was added immediately to the electrapeat cells and incubated for 1
hour at 37°C for the expression of the antibiosistance markers. After incubation the cells
were plated on LB agar plates supplemented withagpropriate selectable marker and

incubated overnight at 37 °C.
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2.10. Mutagenesis

2.10.1. Ethyl methyl sulfonate (EMS) mutagenesis

A clone IinE. coli SQ170 was grown overnight at 37°C in 5 ml of LBatooptical density of
between 0, 2 and 0, 4. A 100 fold dilution of thdtare was then grown in 5 ml of LB in a
100ml flask to increase aeration and incubated®t 3or 4 hr. 1 ml of this culture was spun
at room temperature at 15 000 rpm for 30 seconts. CEll pellet was then washed once
using A-N buffer (Appendix) and the cells resupehae50Qul of the same buffer, and 500

of a 2 % solution of EMS was added to the mixtditee culture was incubated at 37°C for an
hour. The cells were pelleted by microfuging forsg@ at 13 000rpm and then washed using
A-N buffer to stop the reaction. The cells wereetitb 5 ml of LB and incubated overnight
at 37°C. 100l of the cells was spread on the appropriate platesincubated overnight at
37°C. The EMS was detoxified by adding to a strealyition of sodium hydroxide before

discarding.

2.10.2. Polymerase chain reaction (PCR)-mediatedesidirected mutagenesis

(Adapted from www.finnzymes.com)

A Phusiod™ Site-Directed Mutagenesis Kit was used in thislgtThis is a PCR-base site-
directed mutagenesis which uses a highly procesainesion™ hot start high-fidelity DNA
polymerase for exponential PCR amplication of dsDplasmid that is mutated. PCR was
performed in an MJ MINT thermal cycler (Bio-Rad). The wild-type pKK3535 gaid was
used as a template. A control reaction utilised sphorylated 5
GTCGACTCTAGATCCCCGGGT 3and 3 CTGCAGGACTGTRAGCTTGGCGTA 3 as
the forward and reverse primers respectively. PE&ctions were carried out in a total

volume of 5@ as follows:
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Table 2.3: Components of mutagenesis PCR

Component Volume fal) Final concentration
5x Phusion buffer 10 1x

10mM dNTP mix 1.0 2QM each
Forward primer 1.0 0.5uM

Reverse primer 1.0 0.5uM

DNA template 1.0 2ng

Sterile water 35.5 -

Phusion DNA polymerase 0.5 0.02U/ul

Table 2.4: Components of control PCR

Components Volume (pl) Final concentration
5x Phusion buffer 10 1x

10mM dNTP mix 1 200uM each
Control primer mix 1 0.5uM each
Control plasmid 1 10pg

Sterile water 36.5 -

Phusion DNA polymerase 0.5 0.02U/ul

Finnzyme site-directed mutagenic PCR was used ttodace point mutations at specific
positions of tharnB operon of pKK3535. It exploits the high fidelity &husion hot start
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DNA polymerase and the use of two phosphorylatechgns. The, primers, one with the

desired mutation, are designed so that they artuaedl to back to the plasmid.

The PCR reaction was performed under the conditibsted in Table 2.5. Twenty
amplication cycles were carried out. Following PGl product was subjected to agarose
gel electrophoresis to verify the amplication oé ihagment of interest. The PCR product
was then circularized by ligation with Quick T4 DNiyase at room temperature for 5 min
and transformed int&. coli. PCR conditions for the control plasmid are thmeaas the

experimental plasmid, with the annealing cycle teudit

Table 2.5: PCR conditions used to amplify thenB gene

Cycle Temperature {C) Time (sec) Number of cycles
Initial denaturation 98 30 1
Denaturation 98 10 )
Annealing 67.32 30 . 25
Extension 72 3min, 36sec
_J

Final extension 72 10 1

4 hold 0

2.11. Preparation of DNA for sequencing

DNA was prepared using GenelJet Plasmid Extraction (Kermentas) according to
manufactures instructions. This plasmid purificatprotocol is base on a modified alkaline-
lysis procedure, followed by the binding of plasnlilA to a glass fibre matrix under the

appropriate pH conditions. Plasmid DNA was elutedailow ionic strength buffer. After
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DNA had been prepared the concentration and pofitthe DNA was analyzed on 0.8%
agarose gel. Sequencing was performed by InqakdadBinology Industries (Pty) Ltd.

Table 2.6:Internet addresses used for sequence analysisaéaiobde access

Program World wide web site

Sequence analysis

BLASTN http://mwww.ncbi.nlm.nih.gov/BLAST/
FASTA http://www.ebi.ac.uk
EMBOSS http://www.ebi.ac.uk/Tools/embobgrd
NEBcutter http://tools.neb.com/NEBcutter2/
Databases

GENEBANK http://www.ncbi.nlm.nih.gov/Genbank/

EMBOSS Explorer http://embossgui.sourcefangt/

Reverse complement http://www.bioinformatics.org/sms/rev_comp.html
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CHAPTER 3

RESULTS

3.1. Generation of arE. coli strain with a singlerrnB operon

E. coli SQZ10 is deficient of all seven chromosomal rRNgemmns and carries plasmid
pHK-rrnC*, which contains both theacB and kanamycin resistance genes. To generate
rRNA mutants, ark. coli strain carrying a single copy of thenB operon is desirable. This
strain was generated by replacing plasmid pHhG’ in SQZ10 with pKK3535 (with the
rrnB operon). This was done by transformation of SQ¥ith pKK3535 using both the
CaCb-mediated and electroporation methods. Selectigransformants was done overnight
on LA plates supplemented with 200ug/ml ampicilliine results are indicated frable 3.1

below.

Table 3.1: Transformation oE. coli SQZ10 with pKK3535 using optimized Ca@hediated

transformation and electroporation techniques.

Sample Number of transformants (19/pug DNA
CaC} Electroporation
______________________________________________________________________________________________________________________________|]
No DNA 0 0
pDA71(vector control) 1.02 11.59
pKK3535 0.89 7.93
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Two transformation techniques, Ca@hnsformation and electroporation, were companed t
determine the technique with a high transformagfficiency. A few transformants, in the
case of the pKK3535 were anticipated when usingbibtd the transformation techniques,
because pKK3535 is a low-copy number plasmid aspemed to pDA71. It was evident from
Table 3.1that the transformation efficiency of Ca@eated cells was at least ten times lower
when compared to electroporation. Electroporatias whosen as the technique to be used in

subsequent transformation experiments.

To ensure that replacement of pHKiC™ with pKK3535 was successful, five SQZ10
transformants were screened for kanamycin-sertgitasmnd ampicillin-resistance. This was
done by streaking single colonies on LA-Kan (100pipand LA-Amp (100pg/ml). Growth
was only observed on LA-Amp plates, and no grow#ls ween on LA-Kan plates (Data not
shown). This observation indicated that pHIRC’ (confers kanamycin resistance) was
replaced with pKK3535 (confers ampicillin resistapdhis strain was designatéd coli
SQ170 and used for subsequent selection of rifampasistant mutants.

3.2. Determination of sucrose concentrations lethab E. coli SQZ10

The sacB gene IinE. coli SQZ10 codes for levansucrase, an extracellulayreezthat is
responsible for the hydrolysis of sucrose and sgithof levans, which are high molecular
weight fructose polymers. ExpressionsatB in the presence of sucrose is lethaEtacoli
cells. An accumulation of levans which hinder tleeiplasm because of their high molecular
weight or the transfer of fructose residues to pmapriate acceptor molecules promotes the
toxic effects on the bacterial cells (Pelieical., 1996). It became obvious that prior to any
mutagenesis and selection of rifampicin-resistanittamts, the concentration of sucrose

sufficient to counter-select pHKNC" had to be determined.

Literature indicates that when transforming mutatkedmid into the original host, a selection

condition has to be in favour of the incoming plasrim order to displace the resident
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plasmid. This was done by streaking SQZ10 on LAgdasupplemented with increasing
concentrations of sucrose (0%, 3%, 6%, 9% and H¥b)ncubated overnight at %&7.

Figure 3.1:Inhibition of E. coli SQZ10 growth by different concentations of sucrose

pKK3535 was used as a positive control.

It was confirmed that the growth Bf coli SQZ10 was inhibited by the presence of sucrose in
the growth media. Significant amount of growth wasibited at 6% sucrose, and this was
indicated by fewer colonies when compared with dlhon a plate that was not supplemented
with sucrose. 6% sucrose was chosen as the cuboffentration to counter-select for the

plasmid conferring resistance to kanamycin.
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3.3. Selection of rifampicin-resistant SQ170 mutast

3.3.1. Selection by spontaneous mutagenesis

The first approach used to select SQ170 mutants avitincreased MIC towards rifampicin
was by spontaneous selection. Aliquots (100ul) o@ilure of SQ170 were spread on broth
plates supplemented with 25ug/ml, 50pug/ml, 75ug@miLOOug/ml rifampicin. The plates
were incubated at 8 until growth of resistant colonies was observélde results are

indicated inTable 3.2below.

Table 3.2: Rifampicin resistant clones obtained from sponbaseselection at 48 hr.

Strain Rifampicin (ug/ml) Number of rif-R clones
24hr 48hr
SQ170 0 +++ +++
25 275 279
50 246 248
75 185 185
100 115 115

+++ indicates confluent growth.

3.3.2. Selection by EMS mutagenesis

SQ170 was subjected to EMS mutagenesis and afeenigit growthplated on LA plates
supplemented with 50, 100,150 and 200ug/ml of nfim. The number of resistant clones
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obtained was 10-fold momhen compared to those obtained by spontaneoustisel@and

this is shown infable 3.3below.

Table 3.3: Rifampicin resistant clones obtained from EMS rgateesis at 48hr.

Strain Rifampicin (ug/ml) Number of rif-R clones
24hr 48hr
SQ170 0 +++ +++
50 2200 2320
100 1500 1500
150 1100 1100
200 789 800

+++ indicates confluent growth

The number of rifampicin resistant clones obtaibgdEMS mutagenesis was 10-fold more
when compared to those obtained by spontaneoudiseleThis was expected, since EMS is
a highly potent mutagen and has a mutagenesishattés considered to be higher than that

of spontaneous mutagenesis.

3.4. Identification of plasmid-borne mutations by narker rescue

Using both spontaneous and EMS mutagenesis, ritampsistant mutants of SQ170 were
generated. The purpose of the work was to obtaith78Qnutants that carried rifampicin
resistant mutations in the ribosomal RNA (i.e. plasborne). To test if any of the rifampicin
mutants carried such mutations; the marker reselntque was employed. This pool of Rif-
R clones was washed off plates and grown overnigh3?”C in LB supplemented with

100pg/ml ampicillin. A mini plasmid preparation this pool was made. The DNA obtained
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was utilized to transforriz. coli MM294-4 cells via the Cagimethod. A negative control of
un-mutated SQ170 was included. Selection of transfd cells was done LA supplemented

with Amp+6% sucrose only, followed by selectionldg®Amp/Rif plates.

Transformation of SQZ10 failed to produce signifitamumber of colonies when using

electroporation. Initially it was thought that poeeld of transformants in SQZ10 was due to
low yield of plasmid DNA. This proved not to be taeplanation since when the same batch
of plasmid DNA was transformed B coli MM294-4, a sufficient amount of transformants
(x400) were obtained. To investigate this problemmumber of variables were changed.

These included:

1. Isolation of plasmid DNA using a Fermentas GenJasmid extraction kit to

increase purity and quality of plasmid DNA

2. Comparison of transformation efficiency &. coli MM294-4 and SQZ10.
MM294-4 has 20-fold more transformation efficieribgn SQZ10.

In spite of changing the above-mentioned parametbes problem of low transformation
efficiency still occurred. To settle the questidnadat caused a reduction in transformation
efficiency even after optimization of electropooaticonditions, transformation of SQZ10
with a pool of Rif-R clones was repeated and sEeatf transformants was done in a three-
step process. Firstly, selection was done on LA-Amly, followed by LA-Amp+6% sucrose
and finally LA-Amp+Rif. Selection on LA-Amp only pduced more than 4-times
transformants as compared to when selection wa® don Amp+sucrose. Results are
recorded inTables 3.4and3.5 below. The 3-step selection method was employeéufther

experiments of marker rescue.
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Table 3.4: Transformation of SQZ10 with plasmid DNA (derivéidm a pool of Rif-R
clones generated by spontaneous selection) frorarmdntas GeneJet Miniprep Kit using

optimized electroporation conditions.
_______________________________________________________________________________________________________________________________|

SQZ10 transformed with DNA: No. of transformants onLA-supplement (ug/ml)
Amp200 Amp100+6%sucrose

No DNA 0 0

SQ170 440 88

SQ170-25 550 73

SQ170-50 400 36

SQ170-75 160 42

SQ170-100 275 53
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Table 3.5: Transformation of SQZ10 with plasmid DNA (derivédm a pool of Rif-R
clones generated by EMS mutagenesis) from a FeameB@enedet Miniprep Kit using

optimized electroporation conditions.

SQZ10 transformed with DNA: No. of transformants onLA-supplement (ug/ml)
Amp200 Amp200+6%sucrose

No DNA 0 0

SQ170 423 76

SQ170-50 580 83

SQ170-100 501 67

SQ170-150 300 46

SQ170-200 150 42

Marker rescue results revealed that RifER coli SQZ10 colonies were recovered with
plasmid DNA derived from a pool of Rif-R clones,ggesting that the Rif-R phenotype
observed was due to mutations in the plasmid DNA.

3.5. Phenotypic characteristics of rRNA mutants

3.5.1. Rifampicin phenotype

The MIC of each mutant was determined by spot tesis concentrations of rifampicin
ranging from 0 to 200ug/ml. Plates were incubate@78C for 24hrs and the results are
shown inFigure 3.2 below. Six out of the 8 mutants tested displayety wlight growth at
25ug/ml rifampicin. These clones were not studigther as it was believed that the colonies

observed were low level resistant rRNA mutants.y@m¢ MIC of the selected clones (pGM1
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and pGM2) was studied further because they showefliuent growth on antibiotic plates. In
E. coli SQ170, pGM1 and pGM2 conferred resistance up pag2Bl and 30pg/ml rifampicin
as opposed to 5ug/ml for the un-mutated SQ170 @onthis indicated an approximately 5-

fold increase in rifampicin resistance.

35

30

25

20

15

Rifampicin {ug/ml)

10

pKK3535 pGM1 pGM2

Figure 3.2: Rifampicin MIC of rRNA mutants obtained from spontaneous selection and
EMS mutagenesis inE. coli SQ170.Each set of experiments was repeated three tines. T
columns represent the average of results fromhadlet experiments. Standard deviations of

the means are indicated by error bars.

3.5.2. Effects of temperature on rifampicin resistace

E. coli SQZ10 cells, transformed with the rRNA mutants, evepotted onto increasing
concentrations of rifampicin ranging from 0 to 200ml. The plates were incubated af@8
25°C, 37C, and 42C for 24hrs. The MIC of each mutant was determia¢dvarying
temperatures in the presenéegire 3.3.) and absence of ampicillin. Rifampicin resistance
was higher in the absence of ampicillin. The resultlicated that at low temperature, the
resistance was reduced. Thus, the rifampicin @sist phenotype in SQ170 was determined
to be cold-sensitive. At 4¢, resistance in pGM2 increased from 25ug/ml to ga®y
rifampicin. From the results observed, it was cldat pGM1 and pGM2 have different

-38 -



temperature conditions that allow the phenotype ech mutant to be clearly

expressed.pGM1, is expressed better &€ 3Whereas pGM2 phenotype is expressed better at
42°C.
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Figure 3.3: Rifampicin MIC of rRNA mutants at varyi ng temperatures of 18C, 25°C,
37°C, and 42C in E. coli SQ170.Each set of experiments was repeated three tintes. T
columns represent the means of results from adktlexperiments. Standard deviations of the
means are indicated by error bars.

3.5.3. Effects of pH on rifampicin resistance

The MIC of the two mutants (pGM1 and pGM2) was deieed by spot tests with
concentrations of rifampicin ranging from 0 to 2@0ml. Plates used for these tests were
made from LA whose pH had been adjusted to pH SiBguHCI, pH 7.0, and pH 8.5
adjusted by using NaOH. The results indicated tésistance was the highest at neutral pH
and alkaline pH. There was a decrease in resistaneeidic pH. Both pGM1 and pGM2
displayed an increase in resistance from 20 to 86luJ he resistance of the SQ170 control
was not affected by change in pH conditions agmained the same in all the tested pH

conditions. Results are shownHigure 3.4 below.
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Figure 3.4: Rifampicin MIC of rRNA mutants at varyi ng pH conditions ranging from
pH 5.5, 7.0 and 8.5 irE. coli SQ170.Each set of experiments was repeated three tinies. T
columns represent the means of results from adktlexperiments. Standard deviations of the

means are indicated by error bars.

3.5.4. Effects of phosphate buffered media on rifapicin resistance

The MIC of pGM1 and pGM2 was determined by spaistes buffered L (A-N) media with
varying pH values. The buffered LA-N was prepargddissolving the required amount of
bacteriological agar in water followed by adjustihg pH to the required values. This was
followed by preparation of LB with the required pBoth the LB and the agar were
autoclaved separately and LB was supplemented glitbose and 1x A-N buffer. The two
components then used to make rifampicin plates watlying concentrations ranging from 0

to 50pg/ml.
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Figure 3.5: Rifampicin MIC of rRNA mutants at varyi ng pH conditions ranging from
pH 5.5, 7.0 and 8.5 in buffered L (A-N) mediaEach set of experiments was repeated three
times. The columns represent the means of resudta &ll three experiments. Standard

deviations of the means are indicated by error.bars

The growth patterns observedRigures 3.4and3.5 suggests that the presence of phosphate
buffer in the growth media did not have a significaffect on the resistance phenotype. This
was most apparent at neutral pH 7.0 and alkalinegfgHvhich showed a 4-fold and 5-fold

increase in resistance of pGM1 and pGM2 respegtivel

3.5.5. Effects of plasmid-borne mutations on otheaintibiotics MICs

Mutant pGM1 and pGM2 were tested for any increaselacrease in resistance to other
antibiotics. For this purpose, antibiotics that ev&nown to inhibit the translation process in
different ways were chosen. The spot tests of pGid pGM2 were done on varying
concentrations of streptomycin, chloramphenicol,tratycline, kasugamycin and
erythromycin. The results are shownhkigures 3.6to 3.1Q E. coli SQ170 was used as a

control strain.
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The results indicated that the resistance/susckdytibf the strains was changed because of
the presence of the mutation. pGM2 displayed al@ifrease in resistance to streptomycin
when compared witk. coli SQ170. The results for pGM1 and pGM2 were comparaba
1-fold and 2-fold increase in resistance to chigrhemicol. Both pGM1 and pGM2 were
susceptible to tetracycline whilst no change in MN&s recorded for erythromycin on both

mutants. pGM1 displayed no change in MIC and anregmed susceptibility on pGM2 was

observed.

Streptomycin (pg/ml)
(]

PKK3535 pGM1 pGM2

Figure 3.6: Streptomycin MIC of rRNA mutants in E. coli SQ170. Each set of
experiments was repeated three times. The coluppresent the means of results from all

three experiments. Standard deviations of the maanmdicated by error bars.
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Figure 3.7: Chloramphenicol MIC of rRNA mutants in E. coli SQ170.Each set of
experiments was repeated three times. The coluepresent the means of results from all
three experiments. Standard deviations of the maanmdicated by error bars.
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Figure 3.8: Tetracycline MIC of rRNA mutants in E. coli SQ170.Each set of experiments
was repeated three times. The columns representmérens of results from all three

experiments. Standard deviations of the meansdieated by error bars.
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Figure 3.9: Kasugamycin MIC of rRNA mutants in E. coli SQ170. Each set of
experiments was repeated three times. The coluepresent the means of results from all
three experiments. Standard deviations of the maanmdicated by error bars.
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Figure 3.10: Erythromycin MIC of rRNA mutants in E. coli SQ170.Each set of

experiments was repeated three times.
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Table 3.6: Summary of the effects of mutations orested antibiotics MICs.

MIC (pg/ml)
Antibiotic
pKK3535 pGM1 pGM2

Streptomycin 2 2 4
Chloramphenicol 2 3 4
Tetracycline 4 2 2
Kasugamycin 400 400 200
Erythromycin 200 200 200

These MIC findings were surprising, in particulae MICs of erythromycin and
chloramphenicol. The mutation was expected to likarl6S rRNA as supported by the MIC
changes observed above.

3.6. Restriction fragment exchange

The mutants obtained by spontaneous selection ad& Enutagenesis were further
characterized to differentiate between two typeplagmid mutations. Restriction fragment
exchange was performed to determine the type oftmout that was responsible for the
changed phenotypes observed. Of particular intevesé mutations that occur in then

RNA along the plasmid.

Large scale plasmid preparations of the pool ammpicin resistant clones and that of
pKK3535 were done as described2rb.1 Plasmid DNA of the wild-type and the mutants
were digested overnight witBamH| at 37C. Digestion byBamHI generated two fragments

of 7503bp and 4293bp.The larger fragments, coimigithe rrnB operon, were separated
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from the smaller fragments by extracting the bainois a 1% low-gelling agarose gel. The
purified DNA fragments are indicated kigure 3.11below.

-
Figure 3.11: Purified BamHI DNA fragments on 0.8% agarose. Lanes 1, 3, anepbbesent

the 4293bp fragments of pKK3535, pGM1 and pGM2 eetpely. Lanes 2, 4, and 6
represents the 7503bp fragments of pKK3535, pGMILEBM2 respectively.
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Figure 3.12:Restriction fragment exchange between the wild-gmpe the mutant

Any colonies observed are
due to rRNA mutants

=MutatedrrnB operon of pGM1 or pGM2

=Wild-typerrnB operon of pKK535
=Insert containing the mutat@tasmid

- =Insert containing the original plasmid

recombinant plasmids.
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All the 7503bp fragments were regarded as vectodstlae 4293bp fragments as inserts. The
vectors were treated with alkaline phosphate tovgare re-circularization. Each 4293bp
fragments of pGM1 and pGM2 was ligated to the 7p0Bagment of pKK3535. Each of the
7503bp fragment of pGM1 and pGM2 was ligated to4B83bp fragment of pKK3535 and
thus the fragments were exchangBaygre 3.12. The DNA obtained was used to transform
E. coli SQZ10 using the calcium-chloride method and seleatf transformants was done on
LA plates supplemented with 100pug/ml. The transtorte were analysed for the presence of
inserts to ensure that a confident representatiacesults had been attained. Transformants

containing the vector ligated to the insert wersasted and these were studied further.

To ensure that ligation was successful, the transiats were grown overnight and plasmid

DNA extracted. This was followed by digestion oagiid DNA withBamHI to separate
inserts from vectors.

M 1 2 3 4
-_ “‘— -
— s

| —

—

-

Figure 3.13:Plasmid DNA of pKK3535 digested witBamHI to release cloned inserts. Lane

1 represents the molecular weight marker and |2+ sepresents the plasmid DNA with
inserts released.
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The transformants that contained the inserts ldyaighe vector were streaked on LA-Amp +
6% sucrose plates and then transferred to LA-Rifegsl of Opg/ml to 50ug/ml. Colonies of
pGM1 and pGM2 that contained the mutatenB operon showed resistance growth on LA-
Rif plates whilst those with no mutations on theB operon showed sensitivity to rifampicin

(Data not shown). From the findings of the resittfragment exchange, it was concluded
that the mutations observed on pGM1 and pGM2 wRMA mutations.

3.7. DNA sequence analysis of rRNA mutants

3.7.1. Nucleotide sequence analysis

TherrnB sequences of pGML1 (obtained from spontaneousgen&sis) and pGM2 (obtained
from EMS mutagenesis) were analysed by interneabdastes. All two sequences were
compared to the wild-typernB sequence using thigasicL ocal AlignmentSearchTools for

nucleotide alignments (BLASTn).

The BLASTnN search results detected base substitimiomutant pGM1Kigure 3.12. The
rrnB operon in pGML1 had a single base change from ithgio adenine at position 3681 of
the wild-type sequence. No mutation was detectethérrn region of pGM2 when its
sequence was analysed with BLASTn. The observeaqgtfyge of rifampicin resistance
might be due to mutation(s) on the plasmid andomothe rRNA. To ensure the accuracy of
the BLASTn database, the mutations were analysed E8VIBOSS pairwise alignment tool.
Using this tool, the same results were recorded&n the mutants. This suggested that the
mutations detection of presence or absence of rantatvas not because there is no change
in therrnregion of the plasmid.

The pGM1 mutation was on position 3681 of pKK353biak places it in the 23S rRNA.
This finding is surprising since the observation the MICs of erythromycin and
chloramphenicol, which targets the 23S rRNA, doesgshow much change in MIC and it
was expected that the mutation was likely to biaé&16S rRNA.
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W 3551 GGCCCAGGACACCGCCCTTTCACGGOGGTAACAGGGGTTCGAATCCCCTA 3600
AR AR AR R AR AR R AR

pGML 154 GGCCCAGGACACCGCCCTTTCACGGOGGTAACAGGGGT TCGAATCCCCTA 203

W 3601 GGGGACGCCACTTGCTGGTTTGTGAGTGAAAGTCGCCGACCTTAATATCT 3650
AR R AR AR R AR RN

pGML 204 GBGGACGCCACTTGCTGGT TTGTGAGTGAAAGTCGCCGACCTTAATATCT - 253

W 3651 CAAAACTCATCTTCGGGTGATGTTTGAGATTTTTGCTCTTTAAAAATCTG 3700
LUCTEELE e e e e e e ey

pGML 254 CAAAACTCATCTTCGGGTGATGTTTGAGATATTTGCTCTTTAAAAATCTG 303

W 3701 GATCAAGCTGAAAATTGAAACACTGAACAACGAGAGTTGTTCGTGAGTCT 3750
AN AN R R AR AR RN

pGML 304 GATCAAGCTGAAAATTGAAACACTGAACAACGAGAGTTGITCGTGAGTCT 353

W 3751 CTCAAATTTTCGCAACACGATGATGAATCGAAAGAAACATCTTCGGGTTG 3800
AR AR AN R A AR AR AR ARy

pGML 354 CTCAAATTTTCGCAACACGATGATGAATCGAAAGAAACATCTTCGGGTTG 403

W 3801 TGAGGTTAAGCGACTAAGCGTACACGGT GGATGCCCTGGCAGTCAGAGEC 3850
AR A R R AR AR

pGML 404  TGAGGT TAAGCGACTAAGCGTACACGGTGGATGOCCTGGCAGTCAGAGGC 453

Figure 3.14:Nucleotide alignment of the knownnB operon sequence (wt) compared to its
mutated pGM1 counter-part using BLASTN search paogne.

3.8. Site-directed mutagenesis of pKK3535

As an alternative strategy, site-directed mutagengas used to confirm that the observed
phenotype of pGM1 was due to the mutations detdotéderrnB operon. To do this, three
single base mutations (T to A), (T to C), and (TGpwere introduced into the wild-type
pKK3535 with the aid of a Finnzyme Phusion Siteddoted Mutagenesis Kit. This
mutagenesis uses a high fidelity Hot Start DNA padyase which only allows mutations to
be introduced at positions of interest. Mutagenionprs were designed according to

Finnzyme recommendations, with modifications asrdds
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Table 3.7:Mutagenic primers used to construct 23S rRNA nistan
. ____________________________________________________________________________________________________________________________________|]

Primer (5-3) Tm (CC) %GC

Forward: GTGATGTTTGAGATATTTGCTCTTTAAAA 64.32 37%
ReverseCCGAAGATGAGTTTTGAGATATTAAGGTC 66.56 27%
Forward: GTGATGTTTGAGATCTTTGCTCTTTAAAA 65.53 39%
ReverseCCGAAGATGAGTTTTGAGATATTAAGGTC 66.56 27%
Forward: GTGATGTTTGAGATGTTTGCTCTTTAAAA 67.24 39%
ReverseCCGAAGATGAGTTTTGAGATATTAAGGTC 66.56 27%

The site of adenine, cytosine and guanine insddjaare highlited in red.
Tmwas calculated as per formular supplied by the Ainre mutagenesis kit

(www.finnzymes.com).

Amplification was carried out in a PC-960G Gradiefttermal Cycler. The reaction
parameters were set according to the Finnzyme fgmns with the extension time of
5min, 51sec. The PCR product was a linear plasnoteenle therefore it was circularized
with the Quick T4 DNA ligase. The circularized piad was then transformed int& coli

MM294-4. DNA minipreparations of 5 transformantsrev@erformed and digested with to

release the inserts.

The purified PCR products were sent to ingaba Bifde sequencing . Sequencing the PCR
products was unseccessful due to a number of readde sequences were analysed by
bioinformatics tools and unfortunately no desiregtations were observed. It was speculated
that this was due to that the DNA template (pKK35&4s large and thus the site-directed
mutagenesis did not work. This was supported byfabethat the PCR product was a faint
band. To improve the results, the DNA fragment wiitd position where the mutation was to

be introduced was cloned into pGEM and thus theagariesis carried out. It was believed
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that this would highly increase the efficiency amturacy of the DNA polymerase during
mutagenesis PCR because the DNA fragment to beedutashorter in length.

To reduce the size of the template for optimum #mation, pKK3535 was digested with
EcoRlI to release a DNA fragment of 2051bp. The DNAjfnent was cloned into pGEM and
transformed intd. coli MM294-4. Transformants were screened for the mesef inserts

by linearizing the DNA obtained from mini prepacats withPstl. Successful amplification
was carried as described aboveg(re 3.15 and the PCR products were sent to Ingaba

Biotec for sequencing.

Figure 3.15: Amplified rrnB with desired mutations.

After three attempts of site-directed mutagenesid again no desired mutations were

detected after DNA sequencing .
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CHAPTER 4

DISCUSSION

4.1. Isolation of rifampicin rRNA mutations

The E. coli genome carries seven rRNAf) operons each containing a 16S, 23S and 5S
rRNA gene. The presence of multiple operons has beeobstacle to many studies of rRNA
genes because the effect of mutation(s) in oneoopisr diluted by the remaining six wild-
type copies. In light of the above statement, gersfforts to study the interaction of the
ribosome and RNA polymerase have been difficulte Tevelopment of ak. coli system
that carries a single rRNA operon located on armpids(Asai et al., 1999) has helped
overcome a large gap in the understanding of tinetion of rRNA; of particular interest
being is there a physical but perhaps transiertaction of ribosomes and RNA polymerase
during coupled transcription-translation in bacerin this context the contribution of
research into antibiotics that target transcriptma translation machinery has been fruitful
for furthering the understanding of functional naietions between these cellular structures.
Thus, it became possible to isolate rRNA mutand$ tdonfer antibiotic resistance o coli

and to locate the positions where the mutationsiroae the rRNA.

Rifampicin is a chemotherapeutic agent used to @bminfections by pathogenic
nocardioforms andMVlycobacterium tuberculosis. Soon after its introduction to clinical
practise in 1972, resistant mutants were identif@@dlespie, 2002). Resistance has been
primarily through target site alteration but in @deh four inactivation mechanisms has been
identified, but only mutation by alteration of gat site will be discussed as it is the main

focus in this study.
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A strategy was developed for the generation ofirfficin resistance mutants in the rRNA of
E. coli. This involved the use of a previously describ&Il%0 strain that is deficient of all
seven chromosomaln operons. Mutants of this strain would be generégdpontaneous
and chemical mutagenesis, and selected directlytherdesired phenotype of rifampicin
resistance. Furthermore, it should be possibleetect into the host strain, since only one

plasmid-borne rRNA operon was present in this bemlkagd.

4.2. Mutational analysis of rRNA

Two rifampicin resistant rRNA mutants were charaseg in this work. These were pGM1
(obtained from spontaneous selection), and pGM2a{obd from EMS mutagenesis). The
nature of the mutations in each of these mutants eamined in terms of nucleotide
substitutions. The implication of these changestlan functioning of the rRNA and how
ribosomal proteins (r-proteins) will interact withe region of rRNA will then be considered.
These are important as it is known that there lisggh cooperative nature of the interaction
between rRNA and r-proteins that is essential fimcfional translational activity. r-proteins
do affect the function of ribosomes, as is moskhady evidenced by mutations in r-protein
genes that change the rRNA structure (Gregory aafdli@rg, 1999), ribosome sensitivity to
antibiotics and the accuracy at which the ribosdraaslates the genetic code (Gail.,
2003).

The ability to successfully isolate rRNA mutantsf@ring resistance to rifampicin in this

study suggests that there either is a hitherto omknbut weak rifampicin binding site on the
ribosome or that there is an intimate transienttaxinbetween RNA polymerase and the
ribosome during gene expression. The detailed rataeenechanism of this contact would

be the subject of future work.

-54 -



4.2.1. Mutational analysis of pGM1

The rRNA gene in pGM1 had a single base substiidtiom thymine to adenine at position
355 of domain | in the 23S rRNAFigure 4.1 shows a 3D-structure of the large ribosomal
subunit, indicating different domains of the subunvhich gives insight on where the
mutation is situatedThis transversion might lead to structural changethe large subunit
either in terms of tertiary structure of the larggbunit RNA or it may affect the way
ribosomal proteins interact with this subunit.

4.3.2. Mutational analysis of pGM2

No base substitution mutation was detected in tlateit sequence analysis of thr@ region

of pGM2. Sequencing errors were ruled out as thseafter sequencing was repeated twice
and the same results were observed. Since thishg@asase for this mutant, we reasoned that
the observed phenotype of rifampicin resistanceldcdwave resulted from a mutation
elsewhere on the plasmid rather than the 23S RN&.ge

O O NR m Sl

510 Domainl 3’531

Figure 4.1: Tertiary structure of the large ribosomal subusimain | in Haloarcula
marismottui (Adapted from Bamt al., 2000). An arrow indicates the position of thetation.
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In terms of the MIC changes observed in chloramgotand erythromycin, the mutation is
expected to be in the small rRNA but this was het tase when the DNA sequences were
analysed. This finding is surprising since the obston of the increased MICs of
streptomycin and kasugamycin while erythromycin ahtbramphenicol, which target the
23S rRNA, did not show much change in MIC and #iengly indicates that the mutation is
likely to be in the 16S rRNA.

4.3. ldentification of r-proteins associated with RIA polymerase

The assembly and mechanism of the ribosome invtiieecooperative interaction of r-
proteins and RNA components. This is observed lyntiany r-proteins that permeate the
large subunit extensively by making van der Waalsds with the nucleotides. Considerable
evidence indicates the participation of r-protédogh in the stabilization of the proper rRNA
tertiary structure and in facilitating dynamic comhational changes of rRNA during protein
synthesis (Gregory and Dahlberg, 1999). Numerooteprs have been recorded to interact
with Domain | of the large subunit, where the miotatof pGML1 is. These proteins include
L4, L15, L22, L24, L29, L37e, L39e, and L4@€&gure 4.2).

A B

Figure 4.2: Proteins that appear on the surface of the large lbosomal subunit (A) The
crown view of the subunitB) The back side of the subunit in the 1800C rotatedvn view
orientation (Adapted from Baet al., 2000).
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A study by Dabbs (Dabbs, 1978)ported that r-proteins L15, L24 or L29 are natessial
for the translational function of the ribosome,ceimmutations lacking these proteins are
viable although some of them show severe defeatiicated by conditional lethality
(temperature sensitivity). But recently, studiesenaontradicted this statement. Stedizhl.,
2000 reported that L15 is essential for the lateawbly step that is important for an active
ribosomal conformation and binds erythromycin ituson whereas L24 plays an important
role for assembly initiation by forming an assemstigrting point at the’end of 23S rRNA.
Mutations in L4 and L22 have been reported to aordsistance against erythromycin, by
interfering with the binding site of the drug. Hrggmycin blocks the insertion of the growing
peptide chain into the tunnel of the large ribosbsubunit (Stelzlet al., 2000). A recent
study by Rippaet al., 2010; reported interaction of a 50S r-proteinviigh the a-subunit of
RNA polymerase.

4.5. Conclusions

In summary, successful isolation of Rif-R rRNA mutais consistent with the hypothesis
that there is intimate transient contact betweenm ribosome and RNA polymerase in
bacteria. Furthermore, based on the position of nthéation we determined that RNA
polymerase might contact the ribosome in the regigoroteins L4, L15, and L22. Screening
of a large number of ribosomal protein mutants (¥adnd Wittmann, 1976) revealed several
with altered rifampicin MIC (Dabbs, personal comnwation). The applications of these
findings in molecular biology will enhance our umgtanding of the nature how the
interacting proteins in stable complexes are egdeot understanding the mechanisms that

regulate cellular processes at molecular level.

4.6. Future work

Additional experiments could in future distinguisbtween the alternatives. These include
rRNA mutations suppressing a conditional lethal ¢f€s)rpoB rifampicin resistance or by

doing cross-linking experiments involving the ribot®e and RNA polymerase. Positive
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results for either of these would support the contaodel since if the 23SRNA mutation

alters a hitherto unknown weak rifampicin bindirtg such outcomes would not be expected.

Rifampicin mutations in theépoB gene may be conditionally lethal. Conditions suash
temperature can be used to suppress the Rif-R pfpnand intergenic suppressors can be
determined by marker rescue. The presence of ssgiprenutations that have Rif-R rRNA
mutants at a different site than the original siteuld support that RNA polymerase or
rifampicin has a binding site in the ribosome.

The interaction of RNA polymerase and r-proteins ancell can be investigated by

crosslinking experiments. A chemical crosslinkehich is sensitive to the desired proteins,
can be used to probe these proteins and link tlgether. Protein interactions are often too
weak or transient to be easily detected, but bgstimking, the interactions can be captured

and analyzed.
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CHAPTER 6

APPENDICES
APPENDIX A: MEDIA
Luria Bertani (LB) broth
Tryptone 39
Yeast extracts 1.5¢g
NacCl 1.5¢g
Distilled water 300ml
LA (Luria Bertani agar)
Tryptone 39
Yeast extracts 1.59
NacCl 1.5¢9
Agar 4.5¢9
Distilled water 300ml

LAS (LA supplemented with 8% sucrose)

Tryptone 39
Yeast extracts 1.5¢g
NacCl 1.5¢g
Agar 4.5¢
Sucrose 18g
Distilled water 300ml
L (A-N)
Tryptone 39
Yeast extracts 1.5¢g
NacCl 1.5¢g
Agar 4.5¢
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10x A-N buffer 10ml
Distilled water 300ml
pH was adjusted to pH 5.5, pH 7.0, and pH 8.5 qsired for experiments.

APPENDIX B: SOLUTIONS

A6.1: Solutions used for plasmid preparations front. coli

Solution |
Glucose 0.99
1M Tris-HCI (pH 8.0) 2.5ml
EDTA (pH 8.0) 2mi
Distilled water 95.5ml
Solution 11
NaOH 0.8g
SDS 1g
Distilled water 100ml
Solution IlI
5M CH;COOK solution 60ml
CH;COOH 11.5ml
Distilled water 28.5ml

RibonucleaseA

10mg/ml solution in sterile distilled water, heated6°C immediately before use

1M Tris-HCI pH 8.0

Tris-HCI 15.8¢g
Distilled water 100ml
Autoclave
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0.5M EDTA pH 8.0
EDTA 18.69
Distilled water 100ml
Adjust to pH 8.0 with NaOH

5M CH3;COOK (pH 6.0)
CH;COOK 4.99
Distilled water 100ml
Adjust to pH 6.0 with CHCOOH

A6.2: Solutions used for transformations

CaCl, Transformation buffer
Tris-HCI (pH 8-0) 20mM
CaCb 100mM

pH adjusted to pH 8.0 and the solution autoclaved.
20% Glucose

Glucose 49

Distilled water 20ml

A6.3: Solution for DNA analysis

Agarose gels
Agarose 0.89g (0.4%), 1.2g (0.6%) orl.6g (0.8%)
0.5x TBE 50ml
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5 x TBE buffer

Tris base 54.0g
HsBO;3 27.59

0.5M EDTA 20ml, pH 8.0
Distilled water 1000ml
Autoclave

Bromophenol blue tracking dye
30% glycerol (w/v) in TE and 0.0025% bromophenaiebl

Running buffer (0.5x TBE)
5x TBE 50ml

Distilled water 450ml

Molecular weight markers

6% loading dye 100

Sterile distilled water 4Q0

Molecular weight marker 100
TE buffer

1M Tris-HCI (pH 7.5) 10ml

500mM EDTA (pH 8.0) 2ml

Distilled water 88ml

TE-saturated phenol
Phenol 149
TE buffer 10ml

6.4: Solutions for mutagenesis
10x A-N buffer

KoHPO, 70.0g
KH,PO, 26.89

- 069 -



NazCsH507 509
MgSQOy 1.0g
Distilled water 1000ml

Table A6.1: Antimicrobial agents

Agent Stock (mg/ml) Solvent Supplier

Ampicillin 100 70% ethanol Sigma-Aldrich
Chloramphenicol 20 ethanol Boehringer Mannheim
Erythromycin 20 ethanol Boehringer Mannheim
Kanamycin 10 sdyO Melford

Kasugamycin 100 sd Boehringer Mannheim
Nalidixic Acid 10 sdHO Sigma-Aldrich
Rifampicin 10 methanol Sigma-Aldrich
Streptomycin 20 ethanol Boehringer Mannheim
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Table A6.2: Chemical suppliers

Name of the chemical Supplier
Agarose Bio-Rad
Acetic acid Merck
Bacteriological agar Biolab

Boric acid Saarchem
Bromophenol blue Sigma-Aldrich
Cesium chloride Sigma-Aldrich
Chloroform Saarchem
Dipotassium hydrogen Phosphate Merck
EDTA Sigma-Aldrich
EMS Sigma-Aldrich
Ethanol Saarchem
Ethidium bromide Sigma-Aldrich

Glucose

Glycerol

Hydrochloric acid

Isopropanol

Magnesium sulphate

Potassium acetate

Potassium dihydrogen phosphate
Phenol

RNaseA

SDS
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Fluka Biochemika
Merck
Merck
uniLAB
Sigma-Aldrich
Sigma-Aldrich
AnalaR-analytézajents
Saarchem
Sigma-Aldrich

Boehringer Mannheim



Sodium chloride
Sodium hydroxide
Sucrose
Tri-sodium citrate
Tris-HCI base
Tryptone

Yeast extracts

Saarchem
Saarchem
Supermarket
Sigma-Aldrich
Saarchem
Biolab

Biolab
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APPENDIX C: PLASMIDS AND MOLECULAR WEIGHT MARKERS

) Pstl
HindIll Bglll

BbrPI

Stul

Figure A6.1: Restriction map of pDA71
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EcoRI
TthinI

Pvu II
Bal I I
S Bel I
Xma?]l 451-1'\ T,
Bgl I T,
Sal I .
SphI g&
BamH T PKK 3535 .
11,864 bp x
Pst I a TthinI
Sac Il
SacTl Bal I
Sacll Xma III
Pvu I
SalI
SphI
Hind II EcoR1
Avr I Hpa I
TthinI — Sacll SstI
Smal AvrII
Xma TI XbalI
Hind TII Sal I BstE QI
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Bgl 1T Bgl I
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Figure A6.2: Restriction map of pKK3535 (Brosigsal., 1981)
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Xmn | 2008
Mae |

Scal 1890 2710
1 Dri‘\ Tl 1 start
Apa | 14
Aatll 20
Sph | 26
Amp' Neo | 37
PGEM"-T Easy lacZ Bst? | 43
Vector T 1 J;JD! III jll a
(3018bp) FooR | | 52
Spe | 64
EcoR | 0
MNot | 17
Bstf | 17
) Psi | 88
ar Sall a0
MNde | g7
Sac | 109
BsiX | 118
Msil 127
147
T sps
pGEME-T Easy Vector Sequence reference points:
T7 RNA Polymerase transcription initiation site 1
SP6 RNA Polymerase transcription initiation site 141
T7 RNA Polymerase promoter 3002-6
SP6 RNA Polymerase promoter 136-158
multiple cloning site 10-128
lacZ start codon 180
lac operon sequences 2839-2999, 166-395
lac operator 100-216
f-lactamase coding region 1337-2197
phage 1 region 2383-2838
binding site of pUC/M13 Forward Sequencing Primer 2959-2975
binding site of pUC/M13 Reverse Sequencing Primer 176-192

Figure A6.3. Restriction map of pGEM-T-Easy (Adapted from wymmega.com)
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GeneRuler™ 1 kb Plus DNA Ladder

0’GeneRuler™ 1 kb Plus DNA Ladder,
ready-to-use

bpng/0.5pmg %

75 950 &0
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10000 200 40
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S000 750 150
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g o000 c00 40

= 1500 80.0 16.0
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B 8 700 250 5O

2 — 500 750 150
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L _ 300 250 50

=
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&

0.5 podane, 8 cm lencth gel,
1 TAE, 7 Nicm, 45 min

Figure A6.4: 1Kb DNA ladder plus, Fermentas

(http://www.fermentas.com/catalog/electrophoregiségulers.htm).
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