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Abstract

The purine biosynthetic pathway of most pathogenic bacteria differs from that of
eukaryotes. A multi- subunit enzyme that converts FGAR, 5’- phosphoribosyl N-
formyglycinamide into FGAM, 5’- phosphoribosyl N- formyglycinamidine has been
found in many prokaryotes. The FGAR amidotransferase enzyme of many pathogenic
bacteria is comprised of three subunits encoded by the purQ, purY, and purL genes; the
human enzyme is a single subunit encoded by purL. This difference in purine synthesis
can be used in the development of a new antibiotic. The goal of this study was the
amplification, cloning, expression and purification of purQ for later biochemical studies.
In order to get to the expression and purification stage, purQ was amplified and cloned
into pTYB2, an expression vector used in the IMPACT™ T7 protein purification system
developed by New England BioLabs. This construct was subsequently transformed into
E. coli strain ER2566 and expressed. A supplementary study of protein sequences from
various organisms was also completed to determine the evolutionary pattern of the type I
and type II pathways.

Introduction

Pathogenic bacteria are developing resistance to many of the antibiotics
prescribed to help the human body fight bacterial infections. Without antibiotics to fight
and kill these organisms, medicine will not be able to cure the infections caused by these
resistant strains. Pathogens are a fast growing menace; many strains have already
developed this resistance and are prevalent in hospitals where patients are susceptible to
these nosocomial infections. One such microbe known for achieving resistance is

Staphylococcus aureus. These strains pose an even greater threat in their ability to pass




this resistance to other strains through a process known as conjugation. Resistant bacteria
have encouraged a growth in research for new antibiotics and alternative ways to fight
these resistant strains. A recent article in Scientific American demonstrates how

prevalent resistance is.

Last year an event doctors had been fearing finally occurred. In three geographically
separate patients, an often-deadly bacterium, Staphylococcus aureus, responded poorly to
a once reliable antidote the antibiotic vacomycin. S. aureiis, a major cause of hospital-
acquired infections, has thus moved one step closer to becoming an unstoppable killer.
The looming threat of incurable S. aureus is just the latest twist in an international public
health nightmare: increasing bacterial resistance to many antibiotics that once cured
bacterial diseases readily. Strains of at least three bacterial species capable of causing
life-threatening illnesses (Enterococcus faecalis, Mycobacterium tuberculosis and
Pseudomonas aeruginosa) already evade every antibiotic in the clinician's
armamentarium, a stockpile of more than 100 drugs. In part because of the rise in
resistance to antibiotics, the death rates for some communicable diseases (such as
tuberculosis) have started to rise again, after having declined in the industrial nations
(Levy 1999).

This resistance calls for new drugs with new mechanisms of attack. The majority
of drugs we have today have been developed from semi- rational optimization programs
based on chemical compounds (Rosamond 2000). Most research today however has
begun using the vast amount of information made available with the sequencing of
organisms. This new method of attack is referred to as target based. Instead of random
compounds found to inhibit growth, differences in metabolism and mechanisms of
infection have become the targets for anti- microbial drugs. Ideal anti-microbial drugs
are those that will inhibit mechanisms necessary for microbial growth, which are highly

conserved and absent or different in humans (Rosamond 2000).




The purine nucleotide biosynthetic pathway has provided a new method of attack
against resistant bacteria. This pathway is responsible for the de novo synthesis of
adenine and guanine nucleotides; nucleoside bases with mono phosphate groups attached
(fig 1). Adenine and guanine along with the pyrimidines are the building blocks of DNA
and RNA; the genetic material of the cell. Inhibition of this pathway would block the
cell’s ability to replicate DNA, and transcribe mRNA. Without this ability the cell would
not be able to copy its’ genetic material and reproduce or make t'he necessary proteins for
metabolism.

This pathway consists of fourteen steps catalyzed by a variety of enzymes (fig. 1).
Even though the pathway is invariant, its gene organization and regulation differs among
organisms (Zalkin» 1992). The enzyme of interest in this study is FGAM synthetase also
known as FGAR amidotransferase. This is a key enzyme that catalyses the fourth step of
the biosynthetic pathway, which is the conversion of FGAR to FGAM (Schendel 1988)
(fig 2). FGAR amidotransferase belongs to a family of enzymes known as glutamine
amidotransferases. These enzymes catalyze glutaminase, NH; dependent, and glutamine
dependent reactions (Zalkin 1992). In organisms such as E.coli and humans purL codes
for the type I FGAR amidotransferase. On the basis of the amino acid sequence of PurL,
the enzyme was dissected along its polypeptide chain into at least three disérete regions,
designated as domains I, II, and IIT (Sampei 1989). Domain III (255 amino acids), which
resides in the C-terminal region, is similar in amino acid sequence to several glutamine
amidotransferases and catalyzes the transfer of the amide nitrogen of glutamine. Domain
I (791 amino acids) resides in the N-terminal region and contains a potential ATP binding

motif. Domain IT (249 amino acids) is structural similar to family of triosephosphate




isomerases and is believed to play a role in the transfer of the carbonyl oxygen of FGAR.
These results support a model that the E. coli purL gene is a fused gene of at least three
different gene families (Sampei 1989). Organisms like B. subtilis and Stapylococcus
aureus have a multi- subunit gene referred to as type II. Three separate genes purL,
purY, and purQ comprise the FGAR amidotransferase of these organisms (fig 3). The
PurL subunit was assigned to code for the aminator subunit. The PurQ subunit was
assigned to the glutamine amide transfer subunit (Sampei 1989').’ PurL and purQ are
homologous to the single subunit purL gene of humans and £ .coli. The specific function
of purY has not yet been solved and is not homologous to the purL gene found in
organisms with the type I enzyme. PurY is also more commonly recognized as “purorf”
or hypothstiéal 'prﬁféin;"" Earlier work in our lab has shown that purY mutants are deficient
in FGAR amidotransferase (Cook, Ferguson, Newman, unpublished data).

:I‘he major goal of our lab is to isolate all three subunits of the multi- subunit
enzyme that exists in the purine biosynthetic pathway of many pathogenic bacteria. Once
these genes are cloned, expressed, and the proteins purified, biochemical studies can be
performed to identify an inhibitor for possible antibiotic use. The antibiotic would target
the multi- subunit form of FGAR amidotransferase resulting in the inability of bacteria
with this multi- subunit enzyme to synthesize new genetic material. Staphylococcus
aureus DNA was chosen as a model organism because it is a pathogen known for
developing antibiotic resistance and contains the type II, multi subunit enzyme.

_ This project included the amplification and cloning of the Staphylococcus aureus
pur() gene. Once amplification, cloning, and expression of the gene have been

accomplished, purification of the protein coded for by the purQ gene can begin. A




supplementary in depth study, using bioinformatics has also been completed. Genomes
of various organisms, including eukaryotes, and many different prokaryotic families were
retrieved from databases and the FGAR amidotransferase genes were identified and
compared. The resulting phylogenetic tree has provided insight into the evolution of the
type I and type Il enzymes.

Methods and Materials
Bioinformatics.
Template. The Staphylococcus aureus genome has not yet been sequenced completely
so the genes had not yet been annotated. Entrez searches for FGAR amidotransferase
sequences of other sequenced organisms were run. BLAST searches of unfinished
genomes were theﬁ done using these sequences and the FGAR amidotransferase genes of
Staphylococcus aureus were found. These sequences were then taken to the EditSeq
componént of DNAstar’s Lasergene software and examined for an open reading frame
corresponding to the expected size of pur(). Using MapDraw, anotherlasergene
program, the purQ sequence was translated to its corresponding protein sequence. A map
was also created for the pTyb2 vector (New England BioLabs) showing the restriction
sites used in this study and the location of the purQ insert. A circular illustration was
made in MapDraw and an enzyme filter with Ndel, EcoRI, and EcoRV was created
(fig.6).
Gene annotation. Annotation of the FGAR amidotransferase genes was accomplished
with MapDraw. The complete sequence was opened in EditSeq and open reading frames
of greater than two hundred bases, the approximate size of the smallest subunit, pur?,

were found and a BLAST search was done to determine what protein each open reading




frame encoded. The complete sequence was then opened in MapDraw and features were
made corresponding to purY, purL, and pur(Q and then labeled (fig. 7).

Sequence comparision and Analysis. Protein sequences of organisms from various
families were retrieved through GeneQuest by doing an entrez search for purL and purQ.
Since the function of the purY gene has not yet been published, it is listed as “purorf” or
hypothetical protein. It was found by searching those sequences adjacent to the purQ
gene for a ORF of about eighty amino acids, which correspdﬁds to the size of PurY.
Other sequences, such as those for eukaryotes, were retrieved through genomic research
institutions by running a BLAST search using any purL sequence found in GeneQuest.
The sequences were then saved and Lasergene software was used for further analysis.
The nucleic acid séquences were first translated in Editseq; the protein sequences for
purL and pur( of the same organism was then pasted together to facilitate alignment with
the typel'PurL protein in Megalign. The purY sequences were aligned separately because
they do not have a purl homologue. The Megalign program also gives an alignment
report, which shades the residues matching or mismatching the consensus sequence.

Megalign also provided a phylogenetic tree based on the similarity of the sequences.

Amplification, Cloning, Expression, and Purification of purQ from Stapylococcus

aureus.
Oligonucleotides. Primers are short oligonucleotides with free 3> OH groups needed for
sequence extention. Primers with specific restriction enzyme sites were then designed
and ordered through Sigma Genosys. The restriction sites for Ndel or EcoRI and EcoRV
were added to the 5” end of the start and stop primer sequences respectively, and have
been underlined on the sequences below. Each primer contained at least twenty bases

complementary to the beginning and end of the purQ sequence.




5" GAGAGGCATATGAAGTTTGCGGTTCTTGTTTTTCCAGG 3’ was used as the
start primer with Ndel incorporated into the sequence. A second start primer was also
designed using the restriction site for EcoRI,

5" GAGAGGGAATTCATGAAGTTTGCGGTTCTTGTTTTTCCAGG 3°. Start primers
attach to the 5° end of the gene.

5" GCACGTGATATCGACATGTTGTTCCCTCCAAC 3’ is the stop primer with the
EcoRYV restriction site incorporated. Stop primers attach to the 3° end of the sequence.
Both primers contain minor alterations in their sequences to prevent them from forming
secondary structures, or folding up on themselves. Each alteration was made to conserve
the resulting amino acid sequence.

Polymerase Chain Reaction (PCR). The primers were then used in a polymerase chain
reaction (PCR). PCR amplifies the target sequence, identified by the primers, from
bacteriélk genomic DNA. There are five components used in this reaction. Taq buffer,
Taq polymerase enzyme, dNTPs, primers, and water to bring the volume up to fifty
microliters. The Taq enzyme reads the sequence being copied and facilitates the addition
of bases complementary to the template strand. One unit of Taq enzyme is added to the
PCR mixture. dNTPs are added for a final concentration of 0.25 mM. Primers are added
at a concentration of 0.75uM, and mineral oil is placed on top of the reaction mixture to
prevent evaporation of the solution while in the thermocycler. PCR uses numerous
cycles of different temperatures to denature the DNA, anneél the primers, and extend the
sequence out from the 3’ end using free nucleotides; a 60°C annealing temperature was
used because of the primers high melting temperature and their moderate tendency to

form secondary structures. A 1 % agarose gel was then run at one hundred twenty volts




to determine if product of the expected size is present; this is seen by examining the gel
under ultraviolet light. Bands appear on the gel according to size; these bands are
compared to markers, which are also run on the gel.

The PCR product was then purified using the Qiagen™ QIAquick system, which
utilizes membrane that binds DNA and allows unwanted material to pass through. After
washing, an elution buffer is used to release the DNA from the - membrane allowing 1t to
be collected in the filtrate. The pure PCR product is then cut with EcoRV and Ndel or
EcoRI restriction enzymes, depending on which primers were used in the PCR reaction.
The enzymes are added to 10 X H buffer and PCR product at 37°C for one hour. The
host plasmid, pTyb2 was cut using Ndel/ EcoRI and Sma I restriction enzymes in
combination with buffer # 4 at room temperature for one hour and then at 37°C for an

additional hour. The buffers were chosen by examining enzyme- buffer compatibility

tables.

The cut DNA fragments were then purified by phenol-chloroform or gel
purification methods and used in the ligation. Phenol-chloroform purification uses an
equal volume of phenol to chloroform to extract proteins. This is followed by a CHCl;
extraction to remove residual phenol. The DNA in the resulting aqueous phase was then
precipitated with 0.1 volume 3M Sodium acetate and 2.5 volumes 95% Ethanol. The
pellet is then rinsed with 70% Ethanol dried in a speed vacuum apparatus and
resuspended in water.

Gel purification of DNA is accomplished by running the sample on an agarose gel
and then excising and weighing the gel slice containing the band of interest. Three

volumes of purification kit binding buffer is then added. Once the gel slice has dissolved,




5ul Prep-A-Gene DNA binding resin (Bio-Rad) is added for each microgram of DNA.
The suspension is then centrifuged to produce a pellet. The pellet was rinsed in binding
buffer in the equivalent of 25 times the amount of matrix that was added. The pellet was
then washed in 25 times matrix volume with wash buffer and resuspended in 1 pellet
volume of elution buffer to elute the DNA from the membrane. The suspension is
centrifuged and the DNA- containing supernatant is transferred to a clean tube for further
use (Bio-Rad Instruction Manual).

The purified DNA, which has been cut with restriction enzymes, is then used in a
ligation reaction. These enzymes cut the DNA producing either blunt or "sticky” ends,
which are complementary to the cuts on the plasmid allowing insertion of the target
sequence into the plasmid, which contains an ampicillin resistance gene. This resistance
gene allows for selection of transformed bacteria, only colonies with the plasmid will
grow oﬁ\the AMP treated plates. The plasmid also contains an intein and chitin- binding
domain immediately downstream from the inserted target gene, such that expression will
produce a fusion protein used in purification. The fusion protein is downstream from a
T7 promoter, which is indirectly controlled by a lactose promoter. These components are
used in the expression and purification of the protein (fig. 4).

Cloning. In order for the ligated DNA fragments to be isolated, they are transformed
into competent cells of bacterial strain TB1. Competent cells have been prepared to be
capable of the uptake of foreign DNA. TBI1 cultures are- incubated and harvested while
still in the log phase of growth. These cells are centrifuged and resuspended in .1M
CaCl, and placed on ice. After a 30-minute incubation period on ice they are spun down

again and resuspended in 500ul CaCl,. These cells are then ready for transformation.
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They are mixed with the ligated plasmid and placed on ice for another incubation after
which they are heat shocked at 42°C for two minutes. LB broth is added and the cells are
incubated for 1- 2 hours, spread on LB+ AMP plates and incubated overnight. Each
colony that grew was "patched" on another LB+ AMP plate and analyzed to determine
whether the plasmid contained the desired insert.

Plasmid mini preparations of each colony were done using the CTAB protocol
(Del Sal et al 1989). 1.5ml of an overnight bacterial culture is centrifuged and
resuspended in 175l STET buffer. 12.5ul of a 10mg/ml lysozyme solution in TE buffer
was added to the resuspended pellet. Boiling for 1 minute was immediately followed by
a 10 minute centrifugation. Then 5pl RNase (10mg/ml) is added and heated at 68°C for
10 minutes. A 10% CTAB solution is then added. The mixture is centrifuged and the
pellet is resuspended in 10ul of 1.2M NaCl. 95% Ethanol is then added to precipitate the
DNA, t};is can be left overnight for better yield. The pelleted DNA is then rinsed in 70%
Ethanol and dried in a centrifugal evaporator. The DNA is then cut with Xbal and
HindIII restriction enzymes, which have sites in the host plasmid located on opposite
sides of the insert. Each sample was then loaded on an agarose gel for analysis.
Sequencing gels were also run to ensure the correct insert was present.
DNA Sequencing. Sequencing reactions require polymerase chain reactions to be run on
the sample. The product is purified and distributed into eight tubes, four for each primer.
The four tubes represent the four nucleotide bases, adenine, cytosine, guanine, and
thymine. Termination mix is added to the appropriate tube, these are mixes containing
ddNTPs. ddNTPs are nucleotides lacking the 3> OH group used in sequence extension.

Added to these mixtures are dNTPs, Taq enzyme, DNA, buffer, and the appropriate
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primer. Mineral oil is layered over the reaction mix before it is placed in a preheated
90°C thermocycler. An unwinding, annealing, extension cycle is then initiated, using 95°
C, 42°C, and 70°C temperatures. After fifty- five cycles are completed a stop solution is
added to the tubes.

The glass pla:ces have to be thoroughly washed and treated. The long glass plate is
treated with a mixture of bind silane, ethanol, and acetic acid. This is what causes the gel
to stick to this plate. The integral plate chamber is treated with Rain X™ to coat the plate
so the gel will not adhere to this side. Both plates are separated by 0.4mm spacers and
clamped together. The gel is 0.4mm thick and is composed of acrylamide, urea, and tris-
borate- EDTA (TBE) buffer. This solution was filtered; tetramethylenediamine (temed)
and 10% ammonium persulfate (APS) are added to catalyze polymerization of the
solution. The solution was quickly poured between two prepared glass plates. The gel is
preheat‘e\d to 55°C and the samples were warmed to 95°C and run on a sequencing gel.
The gel was run for 15 minutes after the leading dye runs off the bottom. The plates are
then separated and stained using Promega™ silver stain. After staining the gel is
photographed and the sequence is ready to be read.

Expression and purification. Once the ligation is transformed into TB1 and the
plasmids are isolated and characterized, desired clones are used in the transformation of
- ER2566 cells. ER2566 is a strain of E.coli used in the expression and purification of the
target gene. The plasmid must be in ER2566 because it éaﬁies the T7 RNA polymerase
gene, which is controlled by the lac promoter. Expression of the fusion protein is
induced with the addition of IPTG, which activates the lac promoter inducing expression

of T7 polymerase, which can then transcribe the fusion construct. Tubes of LB broth are
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inoculated with the ER2566 colonies. Fifty milliliter flasks of broth were then inoculated
with fresh culture until they reached an absorption at 600nm of 0.5 - 0.8. IPTG was then
added for a final concentration of 5SmM. Three flasks were set up and incubated at
different temperatures to determine optimal expression temperature. One flask was
incubated at 30°C for three hours, another at 20- 25°C for six hours, and the other at 12-
15°C for sixteen hours. The samples were centrifuged and resuspended in B-Per bacterial
protein extraction reagent from Pierce Incorporated. DNase was added at a concentration
of 10 mg/ml along with SmM MgCl, to breakdown DNA and reduce viscosity. Half of
the culture was saved as crude extract; and the other half was centrifuged again and the
supernatant saved as clarified extract. The crude extract contains the cell debris and is
used to check for insoluble proteins. The clarified extract has the cell debris removed; if
expression is found in the clarified extract the protein is in a soluble form.

gample preparation involved mixing two parts undiluted or 5- fold diluted extract
to one part SDS buffer and heated for five to ten minutes at 95°C, centrifuged, and loaded
on two 4- 20% SDS protein Ready gels from Bio- Rad. Two SDS gels were run in the
same manner and run at 150 volts for twenty minutes after the leading dye ran off the gel.
One of the gels was used for coomassie blue staining and the other was used for a
western blot. For the western blot, proteins were transferred to a PVDF membrane as
follows, the gel was sandwiched in a cassette between filter pads, filter paper, and a
PVDF membrane. The cassette is then placed in the chamber with a cooling unit and stir
bar and run overnight at 35 volts at 4°C. The membrane is then incubated with 0.1ml per
square centimeter of filter with a blocking solution of 5% nonfat dried milk in PBS

(phosphate buffered saline) to prevent non- specific binding of antibodies. A primary
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antibody (rabbit anti- chitin- binding domain) against the chitin-binding domain was then
added and incubated overnight. After the incubation period the filter was washed three
times with PBS. The filter was rinsed with a 150mM NaCl, 50mM Tris-HCL (pH 7.5)
solution for ten minutes. The filter is then placed in a seal-a-meal bag with 0.1ml per cm?
of phosphate free, azide free blocking solution composed of 5% nonfat dry milk in
150mM NaCl and 50mM Tris- HCL (pH 7.5). The secondary .antibody against the first
has a phosphate attached and was added for at a dilution of I:iOOO. After incubation the
filter is placed in a 150mM NaCl, 50mM Tris-HCL (pH 7.5) solution and washed three
times. For detection of antibodies the filter is placed in an alkaline phosphatase buffer of
100mM NaCl, 5SmM MgCl,, and 100mM Tris- HCL (pH 9.5) with 66ul NBT and 33pl
BCIP. The substrate NBT/BCIP is converted into a blue precipitate by immuno-
localized alkaline phosphatse. The filter is then placed in a stop solution of 200ul 0.5M
EDTA (pH 8.0) in 50ml PBS.
Results and Discussion

Bioinformatics.

The Staphylococcus aureus sequence was retrieved from The Institute for
Genomic Research (TIGR). The attached printout has the protein translation under the
sequence with the primer sites labeled and underlined. The purQ sequence is 672bp long.
The Ndel restriction site found to cut the insert in the middle is also labeled (fig.5). A
map of the pTYB2 vector showing restriction sites where the inéert was ligated (fig. 6).

The FGAR amidotransferase subunit genes are ordered with purY first then purQ
and purL. The genes appear to be arranged in an operon. Shine- Delgarmo sequences can

be found in front of each gene sequence. Shine- Delgamo sequences are ribosomal
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binding sites (labeled RBS in fig.5). PurY is 263 bases or 88 amino acids in length and
corresponds to bases 21- 284 of the complete sequence. PurQ is 671 bases or 224 amino
acids in length and corresponds to bases 286- 957. PurL is 2189 bases or 730 amino
acids in length and corresponds to bases 950- 3139. PurQ and purL overlap each other
by seven bases and are in separate reading frames. A printout of the annotation is
attached (fig.7).

Sequence comparison and analysis. Sequences for both prokaryotes and eukaryotes
were found. Single subunit and multi- subunit proteins were used in this analysis. The
alignment of purQ and purL is attached (fig.8a) and does show areas of moderate to
strong conservation in the protein coded for by purL. The resulting tree (fig. 8a) clearly
shows the divergence of the multi- subunit and the single subunit types. All organisms
on the branch with E. coli have the single subunit form. The organisms starting with
Therma??;ga martima have the multi- subunit form, including Staphylococcus aureus. A
split of the proteobacteria can also be observed. E. coli, Salmonella typhimurium,
Neisseria meningitidis, and Haemophilus influenzae belong to either the gamma or beta
proteobacteria families and are consistently single subunit types whereas the delta and
epsilon proteobacteria, such as Camplobacter jejuni have the multi- subunit type. The
alignment report for purY (fig. 8b) show areas of strong conservancy. Residues LDP
correspond to bases 17- 19 on the consensus sequence and are strongly conserved along
with K43 énd N71. The tree resulting (fig. 8b) from purY alignment predicts different
evolutionary patterns then the purl and purQ trees. Eukaryotes such as Drosophila
melangaster, and Saccharomyces cerevisiae and members of the gamma and beta

proteobacteria have the single subunit enzyme and therefore do not have genes for purQ
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and purY. All other families of bacteria do have the purY gene. This tells us that the

single subunit form of FGAR amidotransferase evolved in the proteobacteria.

Amplification, Cloning, Expression, and Purification of purQ from Staphylococcus

ailreus.,

Analysis of the PCR amplification of the Sapur() gene shows a strong band
slightly smaller than 700bp (fig. 9), which corresponds to the size of pur(Q. During this
first attempt at cloning one of the minipreps from patch number 53 was found to have the
correct insert with a band at about 1100 bp, corresponding to the size of the target
sequence when cut with Xbal and Hindlll. The gel picture for this prep was omitted
because the band Was too light and didn’t show up well when scanned. A sequencing
reaction was also run on PCR product derived from # 53 to ensure that the target gene
was present. The gel picture has been attached (fig. 10). The portion corresponding to
the puré insert was read AAACGTCTTCAGC and is bolded on the attached sequence.
Number 53 DNA was then isolated and used in a transformation into ER2566. Two
ER2566 colonies grew and cultures of both were started in preparation for gene
expression.

Expression and purification. The SDS gel did not show a band at 80KD, which would
have corresponded to the size of the purQ protein (25KD) combined with the intein and
chitin binding domain (55KD). Due to this result another miniprep of number 53 was
done, and the gels showed no band at 1100 bp. The insert was present which the gel
evidenced, however after multiple minipreps and different methods showing no bands

number 53 was abandoned.
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Cloning. More transformations were done and other miniprep methods were used in
hopes of obtaining bands of greater intensity. After analysis of one gel, it was discovered
that one of the enzymes was cutting the insert more then once (fig. 11). This was seen by
the appearance of two bands close in size on the gel. Another sequencing reaction was
done on the PCR of Sapur( to determine what enzyme was cutting and where (fig. 12).
It was determined the Ndel restriction enzyme cut the insert twice instead of once. This
was supported by analysis of the sequence retrieved from the data banks. MapDraw
showed that the Ndel enzyme being used cut the insert twice once at the restriction site
created by the primer and once close to the end of our target. This was the reason for
early cloning difficulties. A new primer using an EcoRI restriction site instead of Ndel
was then designed. This primer was used for subsequent PCR reactions and the EcoR1
enzyme was used in place of the Ndel enzyme. The first and second transformations did
not work; there was no growth on either plate. More ligations were set up using varying
amounts of PCR product in relation to the vector. Twenty- three colonies grew on plate
one and sixty plus grew on plate two. Uncut plasmid preparations from these colonies
were first run on gels; those that migrated slower were more likely to have the insert
present and these were then tested further by cutting them with Xbal and HindI1I.
Colonies 1, 21, 23, and 27 migrated slower then other preps and were cut after a phenol-
chloroform extraction, which showed no cutting probably due to the excess of RNA
present (fig. 13). The preps were treated with RNase and recut to clean the samples and
eliminate RNA contamination (fig. 14). The resulting gel shows two bands about 1100bp
apart in size. The top band is about 8100bp this corresponds to the size of an uncut

plasmid containing the insert. The bottom band is about 7000bp corresponding to the
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size of a cut, insert containing plasmid. The band for the insert should appear at 1100bp,
but is not visible this is because of its small size and therefore its low concentration.
Additionally PCR reactions were run on all four colonies with the intien reverse and
pTyb2, T7 primers, which correspond to vector sequences. Plasmids with no insert
produced bands with a size of 450bp; those with the insert produced bands at 1100bp,
both band sizes are present on the gel (fig. 15). Instead of using the CTAB miniprep
method the Wizard™ miniprep sytem was used because it waé féund to produce higher
concentrations of DNA. The samples were then cut and analyzed by gel electrophoresis
(fig. 16). The bands closer to the top of the gel represent the plasmid with the insert
removed. The lower, faster migrating bands represent the insert at about 1100bp. The gel
showed a band at 1100bp for each sample, however the colony 21 and 23 bands are very
light and difficult to see. Four transformations into ER2566 were set up using the
purified plasmids extracted from the TB1 cultures. Each plate grew numerous colonies,
which is indicative of a successful transformation of the plasmid.

Expression. Colony one was chosen for expression studies because it produced one of
the strongest bands at 1100bp. The coomassie blue stained gel showed bands throughout
the gel (fig. 17). Bovine serum albumin was run as a marker and has a band at 66kD.
The fusion protein which contains the purQ protein plus the intein and chitin- binding
domains is 80kD in size. Gel analysis shows expression of the protein at all three
temperatures. The western blot produced bands for the crude samples, but not the
clarified. This is indicative of non- soluble proteins, which are removed along with the
cell debris for the clarified extract. Also the greatest amount of expression occurred in

the 12- 15°C cultures.

18




Conclusion.

Amplification and cloning of the purQ insert into ER2566 has been accomplished.
Expression of the protein has been determined by the western blot. Solubilization of the
PurQ protein has to Be accomplished for a succesful purification and better yeild of PurQ.
The evolutionary analysis shows that the type 1 and type Il enzyme evolved with the
proteobacteria. The analysis shows a split placing the gamma and beta proteobacteria in
the type I family along with eukaryotes and the epsilon, alphé, and delta proteobacteria

with all other families of prokaryotes in the type II family.
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T he Purine Biosynthetic Pathway
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Figure 2. FGAR Amidotransferase catalyzed reaction. This figure shows the reaction catalyzed by
FGAR amidotransferase. In this reaction an amino group is transferred from glutamine to FGAR
roducing FGAM and glutamate.
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FGAR glutamine
enolization amide transfer

Type |

Single subunit

Typell

Mult‘i-s‘ubunit Purll - 227 aa

Figure 3. Gene types. Type I is the single subunit found in eukaryotes and some prokaryotes.
Type I is the muti subunit enzyme found in many pathogenic bacteria and is composed of purL,
purY, and purQ.
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Cloning &  § .
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Target Protein LML @ |

Inducible Cleavags
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Eluts

y

e s i s
Target Protoin §

Figure 4. IMPACT™ T7. This figure shows the fusion protein created with the addition of
the target insert.
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Figure 5. SapurQ sequence. The genes for purL, purQ, and purY are shown. The sequence
corresponding to purQ is underlined and labeled along with the primer sites and the bases
corresponding to those read off of gel figure 8. The Ndel cut site is also shown.
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otatecompleteseq.MPD (1> 3971) Site and Sequence

ymes : 7 of 502 enzymes (Filtered) )
lings : Circular, Certain Sites Only, Standard Genetic Code i

\ATTGGAGGATTTAAAATAATGAAAACAATTGAACTACATATCACATTACAACCACAAGTATTAGATACGCAAGGACAAACGCTTACTC

- 90
RBS M K T I E L H I TLOQPQVLDTO QOGS QTLT ,
' purY
GCTGTACATGACTTAGGTTATGCACAAGTGAATGATATTCGTGTAGGAAAAGTATTATATATGACAGTGGATGAGGTTAGTGATGAAA
L 1 . x [} X 1 1 1 1 1 ' E] 1 1 L 1 I 1 180
AoV H DL G Y A Q V ND 1 RV GG KV LY MTV D E V S D E
purY
GTACACAACATTATTACAACTCTAAGTGAAAAATTGTTTGCAAATACAGTGATTGAAGAATATAGCTATAAAGTGTTAGATGATGAAA f i
L N 1, I e 1 1 1 1 L 1 1 12 A 1 1 A '270 . 3
v H N I } T 7T L §$ E K L F A N T V [ E E Y S Y K V L D D E ?
purY o
RBS C
———
GAGAATGCATAAAATGAAATTTGCGGTTCTTGTTTTTCCAGGTTCGAATTGTGATAGAGACATGTTTAATGCTGCTATTAAAAGTGGT
I — i L 1 4 1 1 1 P ] 1 1 vl 1 1 1 1 |360
— purY ! start primer———J ‘
RBS! M K F AV L V F PGS NTUDRUDBDME EFRNAATILZK S GG ‘
I purQ ]
TGAAGCGGAATATGTAGATTATAGAGAAACATCACTAAGTGGATTTGATGGCGTACTTATTCCTGGTGGATTTTCATTCGGGGATTAL
A L 1 1 L 1. I L 1 1 1 1 3t A L 1 1 1450
' E A E Y V D Y R E T S L S GF DGV L I P GGF S F G D Y (
= purQ 2
AAGATCTGGGGCAATGGCTAGTGTAGCGCCGATTATTTCGGAAGTTAAACGTCTTGCAGCTGAAGGTAAGCCAGTATTAGGTGTTTGT "
—— ) i 2 1 . L. I L 1 1 2 I3 I 1 I 1 1 l540
N
sequenced ) :
7 o
{
R S G A M A S V A P 1 [ § E VvV K R L A A E G K P V L G V C !
purQ
|
\TGGGTTTCAAATTTTAACTGAAATAGGCTTATTACCTGGTGCATTATTGCATAACGATTCACATTTATTTATTAGTAGAAATGAAGAG
PP 1. L I . 1 s A 2 ( 1 1 1. ! i 1 . LGSO !‘
\ 6 F a ! L T E I 6 L L P G A L L HND S H UL F I 8 R N E E i
purQ
AGAAATAGTGAATAATCAAACGGCATTTACAAATCTTTATGAACAAGGTGAAAAAGTTATATATCCTGTAGCTCACGGTGAAGGTCAT
i 1 i k. Y 1 1 L 1 1 1 1 —_ L " S s 1. 720
E I ¥ N N Q T A F-T N L Y E Q@ G E K v I Y P V A H G E G H
purQ
©
o
z
A TTATTGTACTGATGAAATATATCAACAATTAAAAGCTAACAATCAAATTATTCTGAAATATGTGAATAATCCGAACGGTTCATATGAT §
i L 1 " L 1 1 " 1 - 1 L | n 1 x . . - |810

(Y C T D E I Y Q@ Q L K A NN QT I L K Y V N NUPNG S Y D
— purQ i
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notatecompleteseq.MPD (1 > 3971) Site and Sequence

GATATTGCAGGAATTGTTAACGAAAAAGGCAATGTATGTGGCATGATGCCACATCCTGAAAGAGCTTTAGAAACGTTGTTAGGTACTGAT

bl AG 1 V NE K GNV CGMMPHZPIEWRALETTULL G TD
purQ
AGTGGTGTGAAATTATTTGAAGCGATGGTAAAAAGTTGGAGGGAACAACATGTCTAAATTTATCGAACCAAGCGTTGAAGAAATTAAACT
L — stop primer——|
S 6V X L F E A MV K S W R E G H V )
purQ
RBS | m s Kk F 1 EP SV EE 1 K L
my purL
TGAAAAAGTATATCAAGATATGGGATTAAGTGATCAAGAATATGAAAAAGTTTGCGATATTTTAGGCAGACAACCTAACTTTACAGAAAC
L el —_ ] 1 - 1 S 2 1 1 I L L 1 1 1 1
E XK vy @€ DM GL S DQQEYEI KV CD1l L GRQPNIFTET
purlL

AGGTATCTTTTCTGTTATGTGGAGTGAACATTGCTCTTATAAACATTCTAAACCGTTTTTAAAGCAATTTCCTACGTCAGGTGACCATGT

. L

G I F S ¥ MW S EHCS Y K HS K P F L KaF P T S G D H YV

. purL
GCTTATGGG?CCTGGTGAA?GTGCAGGGGTAGTCGATAT?GGTGATAAT?AAGCCGTAGTATTTAAAGT%GAGTCTCAC%ATCATCCAT?
L M GP G E GAG V VDI GDNOGAV V F KV E S HNH P S
purl
AGCAATTGA@CCATA}CAAGGGGCTGCTA?AGGCGTTGGTGGAATCATT?GTGACATTGTCTCTATTGG?GCTAGACCT%TTAATTTGTT
ANl E P Y Q@ G A AT GV G G ! RD T V S 1T G A R P I N L L
purL
AAACAGTCTTAGATTTGGA?AATTAGATA%TAAACAAAA?CAAAGATTA?TTAAAGGTGTTGTAAAGGGIATCGGAGGIIATGGTAAEIE
NS L R F G E L D NIK QN QR LL L K GV V K G I 6 G Y G NC
pur

CATTGGTATTCCAACAACTGCTGGTGAAATCGAATTTGATGAACGTTATGATGGCAATCCACTTGTTAATGCAATGTGTGTTGGTGTTAT

—d —

1 ¢ 1 P T T A G E I EF DERY DGNUPLVNAMCV G VI
purl
CAATCACGACATGATTCAAAAAGGCACAGCAAAAGGTGTAGGTAATTCGGTCATTTATGTTGGTTTGAAAACTGGTCGAGATGGTATTCA
n 1 L I3 — 1 1 1 1 L - 1 I g I 1 1 1
NH DM I 0 K GT A K GVY GNS V I YV G6LKTGRDG I H
purl

TGGTGCTACTTTTGCATCTGAAGAATTGACGGAAGAAAGCGAAAGTAAACGACCTTCTGTACAAATCGGTGATCCATTTGTAGGTAAAAA

G AT F A S E E L T EZESESKRP SV Q1 66D P F V G K K

purlL

900

990

1080

1260

1350

1440

1620

1710
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\TTAATGGAAGCAACACTTGAAGCAATTACATTTGATGAATTAGTTGGTATTCAAGATATGGGTGCTGCTGGTTTAACATCTTCATCGTC

L M E A T L E AT T F DEWLV G J O DMGAAGL T S S S 8
purl
[GAAATGGCGGCAAAAGGTGGTAGTGGGTTACATTTGAGATTAGAACAAGTGCCAACACGTGAGCCAGGTATTTCTCCTTATGAAATGAT
EM A A K GG S G L HLRLEQUVY PTREWPGTITIT S P Y E MM
purL

GCTTTCAGAAACTCAAGAACGTATGTTACTAGTTGTTGAAAAAGGTACTGAACAAAAATTCTTAGATTTATTTGATAAGCACGAATTGGA

L § E T Q0ERMLLV V EKGTEOGGKFLDLFDKXHELD

purL

Nde |

[AGTGCTGTTATAGGTGAAGTTACAGATACAAATCGTTTTIGTTTTAACATATGATGACGAAGTTTATGCTGACATTCCAGTTGAACCACT

S AV | 6 E VYV T DTNWRTFV L T Y DD EV Y A DI PV E P L
purL
AGCTGATGAAGCACCTGTATATATTTTAGAAGGAGAAGAAAAAGATTATAATACTTCTAAAAATGATTATACACACATCGATGTTAAAGA
A°AD E A P VY I L E G EEKDY NTS K NDVY T H T DV K D
purl
TACTTTCTTTAAATTACTTAAGCATCCGACTATAGCATCTAAACACTATTTATATGATCAATACGACCAACAAGTTGGTGCCAATACGAT

2 i — i 1 1. (Y AL 3 1 1 1 i 1 1 1 2 AL
T F F K L L K H P T 1 A S K HY LY DOQYDaaaQQveANTI
purl
AATTAAGCCAGGACTTCAAGCATCGGTAGTACGTGTGGAAGGCACAAATAAGGCAATTGCTTCAACAATTGATGGTGAAGCGCGTTATGT
Il K P G L 0 A SV VY R Y EGTNIKA 1T A S T 1 D GE AR Y V
— purL
3 =
P T

ﬁTATAACAATCCATATGAAGGTGGAAAGATGGTAGTAGCTGAAGCTTATCGAAATTTAATTGCCGTGGGTGCAACACCATTAGCAATGAC

4
Y NN P Y E G G K M V V A E A Y R NL I AV GA T P L A MT
purl
RCATTGTTTAAATTATGGTTCTCCTGAAAAGAAAGAAATCTATCAACAGTTGATAGATTCAACGAAAGGTATGGCAGAAGCATGCGACAT
b C L N Y G S P E K K E I Y aQ LO L I DS T K G M A E A C DO I
purl

CTTAAGACACCAGTAGTTTCTGGTAATGTATCTTTATATAACGAAACGAAAGGTACTTCTATTTTCCCAACACCAGTTGTTGGAATGGT

~L

L K T PV VYV S NV S LY NZETZXGGT S I F P TPV V G MYV

purl

1800

1890

1980

2070

2160

2250

2340

2430

2520

2610

i

b\ e e e ey



rsday, April 27, 2000 11:33 PM Page 4
otatecompleteseq.MPD_(1 > 3971) Site and Sequence

GTTTGATTGAAAATGTAAATTATTTAAATGATTTTGAACCTCAAGTTGGAGATAAATTATATTTAATCGGTGATACTAAGGACGACTT

2700
G L I EN VYV NY L NDF EWPOQV GDIK LY L I 60T K DDF
purl

GTGGTAGTCAACTTGAAAAGTTAATTTATGGCAAAGTTAATCATGAATTTGAGTCATTAGATTTGAGTTCAGAAGT TGAAAAAGGTGA

2790

G G § 0L £E K L ! ¥ G K V NHEFESL DL S S E V E K G E
purL

CAATCAAGACCGCTATTCGTGAAGGACTATTATCACATGTTCAAACAGTTGGTAAAGGTGGCTTACTGATTACCTTAGCTAAACTAAG

2880

s I K T A I R E G L L S HV QT V 6K 6 GG L L 1T L A K L s
purk '

S CGCATTACGGTTTAGGATTAAAATCTTCAATAGATATAACAAATGCACAATTGTTTAGTGAGACGCAAGGCCGATATGTTGTTTCTGT

2970

AAH Y G L G L K S$ S 1 DI T NAOGQL F S ET Q0GR Y V V SV
purL

\AATCAGGTAAAACTTTAAATATTGATAATGCAATAGAAATTGGACTTTTAACAGATAGTGATAATTTCAAGGTAACAACACCATATAC

3060

K S 6 K T L N I-DNA T E | GLLTDSODNTFIKUVITTITPYT
purl

SAGATTAGTGAAAATGTTTCAGATATTAAACAAATATGGGAAGGGGCAATTGCTCAATGTTTAACTACTCAGGATTAAACGAAGAATGT
' A 1 3 1 2 1 e L L 1 1 1 A I . L L A 3150

EISENVSDIKOIWEGAIAOCLTTOD.J
= purl.

SCGTGTTTGGTATTTGGAATCATCCTGAAGCAGCGCAACTAACATATATGGGACTTCATAGTTTGCAACATCGTGGTCAAGAAGGTGCA

3240

sTATAGTTGTTTCTGATCAAAATGAATTAAAAGGCGAGCGAGGATTAGGCTTACTAACTGAAGCGATTAAAGATGATCAAATGGAACGA

3330

EcoRV

TAAAAGGATATCAACATGCAATTGGTCACGTCCGTTATGCTACTTCAGGTAATAAAGGTATTGAAAATATTCAACCGTTTCTGTATCAC

3420

TTTATGATATGAGTGTAGGTATTTGTCATAATGGTAACCTCATTAATGCTAAATCATTGCGTCAGAATTTAGAAAAACAAGGTGCTATC

3510

TCCATTCGTCTTCTGATACTGAAGTCATTATGCATTTGATACGTCGAAGTAAAGCTCCTACTTTTGAGGAAGCGTTGAAAGAAAGTTTG

3600

GAAAAGTTAAAGGCGGTTTTACATTTGCGATTTTAACTAAAGATGCGTTATATGGCGCAGTAGATCCAAATGCTATCAGACCACTTGTT

3690

TAGGTAAAATGAAAGATGGGACATACATCCTTGCAAGTGAAACATGTGCAATAGATGTGTTAGGTGCAGAATTTGTTCAAGATATTCAT

3780

LAGGTGAATATGTCGTGATTAACGATAAAGGTATTACAGTTAAATCTTATACACATCATACGACAACTGCAATTTCTGCGATGGAATAT

3870
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Hind Il

TTTATTTTGCTAGACCAGACTCAACAATAGCTGGTAAAAATGTCCATGCAGTACGTAAAGCTTCTGGTAAAAAATTAGCCCAAGAAAGC
" 1 — L —t 1 g 1 ' J 1 L " 1 1 - 1 3960

CTGTAAATGC
> 3971

ry



Figure 6. pTYB2 vector. The circular map of the pTYB2 vector shows the size of the vector
and also the restriction sites used in this experiment. The purQ insert is inserted between these
sites and the intein and chitin- binding domain are also shown.
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April 28, 2000 10:14 AM Page'-;
urQ Map.MPD (1 > 7898) Site and Sequence '
as : 6 of 502 enzymes (Filtered)

S ; Circular, Certain Sites Only, Standard Genetic Code
ACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCAT

L S 1

920

CAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTT

L. 1 L 3

180

SCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTA

el 1

270

GAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTCTCCAATGATGAGCACTTTTAAAGTTCTGCT

360 -

GGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTC

| SN 1 1

450

TCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAA

——

540 -

CTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGA

i 1

GAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGG

s - 720

CTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGLCGCTCGGCCCTTCC

A 1

GGCTGGTTTATTGGTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTC

900

ATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAA
n [l L 1 L i 2 [ A ) L ] i L L ] 1 1 990

TGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTACCCCGGTTGATAATCAGAAAAGCCCCAAAAACAGGAAG

| I

1080

TATAAGCAAATATTTAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAA

. L

1170

CCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGCCCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTA 0
L 1} L 1 s, [ 2 ) 2 1 N 1 ' 1 1 1 L —t 126

AGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCAAATCAAGTTTT 0
z 1 — ) — [ L 1 L L a X 2 A 2 1 2 4_13

GGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCG 0
4 1 1 L 1 L 1 1 1 1 s 1 1 1 At i ]L“—l

L. .

AGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGLCGEG 0
. ) . " i . 1 N 1 L 1 L 1 . 1 . 1 L —l. ]53

ATGCGCCGCTACAGGGCGCGTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTC 0
ol J— Y 1 —_ 1 _ 1 L 1 ‘. 1 ) 1L L 1 L 1 162

kACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAA
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purQ Map.MPD (1 > 7898) Site and Sequence f

CCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGAT
" 1 ' 1 1 I i L ' ] L L N 1 L 1 L 1 180C

AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCT
£ 1 " 1. P 1 o I s 1 L L ' L " 3 s 3 189C

CCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGG
o el 2 1 L 1 2 I L L 1 1 2 ) " 1 : s 1980

ACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGC

207C

CTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA :
L 3 1 1 Lo 1 i - 1 —1 Lt I L 1 1 I 1 1 216C

TGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATG

i 1 a1 I

225C

AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTC

234C

GATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGC

2430

GTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGC
A, 1 1 1 1 i i ] 1 d L. 1 —r 1 1 1 -t 1 2520

CGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCLGG
L 1 L ] L 1 1 A1 1 . A 1 L P . 2 ] S 1 2610‘

-

TGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGCGGTAAAGCTCATCAGCGTGGTCGTGCAGCGATTC

2700

ATGTCTGCCTGTTCATCCGCGTCCAGCTCGTTGAGTTTCTCCAGAAGCGTTAATGTCTGGCTTCTGATAAAGCGGGCCATGTTAAG
L 1 Fl 1 i 1 ' L 1. 1 1 1 I | — ad 1 1 2790

GTTTTTTCCTGTTTGGTCACTTGATGCCTCCGTGTAAGGGGGAATTTCTGTTCATGGGGGTAATGATACCGATGAAACGAGAGAGG
L I Y ] 3 b e 1 L 1 . - — I L 1 I L 2880

TCACGATACGGGTTACTGATGATGAACATGCCCGGTTACTGGAACGTTGTGAGGGTAAACAACTGGCGGTATGGATGCGGCGGGALT

s L

2970

GAAAAATCACTCAGGGTCAATGCCAGCCGAACGCCAGCAAGACGTAGCCCAGCGCGTCGGCCGCCATGCCGGCGATAATGGCCTGE
1. 1 1 1 2 I " [ . 2 1 L i L 1 n 1 " L 3060

CGCCGAAACGTTTGGTGGCGGGACCAGTGACGAAGGCTTGAGCGAGGGCGTGCAAGATTCCGAATACCGCAAGCGACAGGCCGATC !
L i L 2 N 1 . L L 1 . g " 1 : 1 ' L 3]50

TCGCGCTCCAGCGAAAGCGGTCCTCGCCGAAAATGACCCAGAGCGCTGCCGGCACCTGTCCTACGAGTTGCATGATAAAGAAGACA 4o
- 1 a— 1 L 1 N ] s L e 1 I L A 1 " l, 32

\TAAGTGCGGCGACGATAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGGTTGAAGGCTCTCAAGGGCATCGGTCGAGATCCC 0
ol 1 L 1 1 ] L L e 1 P L I - L L " _4_33

CCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAA 120
—t 1 N - L L L 1 2 L i 1 L L i : " e 3
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urQ Map.MPD (1 > 7898) Site and Sequence :

CGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATT

|
n
i

3510

TCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAA

3600

GGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCGGTAATGGC

3690

TTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAA

3780

,ACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAG

3870

,CCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGLGTACC

3960

CATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCAC

4050

\TGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGC

. 1 2

4140

\CGCCGCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGE

4230

‘GCAGGGCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAATGTAATT

L 1

4320

~

CCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGA

4410

CGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCAT

4500

GAAAGGTTTTGCGCCATTCGATGGTGTCCCGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTA

4590

AGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCCGCCCTTTCGTCTTCAAGAATTAATTCCCAATTCCAGGCATCAAAT

4680

GAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGGE

P 1

4770

SATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGAATTAATTCCAGGCATCAAA

e 1

4860

A\CGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGEG

' 1

4950

3GATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGAATTAATTCCAGGCATCAA

hesees L

5040

AMCGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCG

5130
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urQ Map.MPD (1 > 7898) Site and Sequence

“GGATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGAATTAATTCCAGGCATCA

AAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCC

- ]

3CGGATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGAATTGGGGATCGGAATT

U

_ Xbal

“CCGGTTTAAACCGGGGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAG

- A 1

AATTTTGTTTAACTTTAAGAAGGAGATATAATGAAATTTGCGGTTCTTGTTTTTCCAGGTTCGAATTGTGATAGAGACATGTTTAA

purQ

sCTATTAAAAGTGGTGTTGAAGCGGAATATGTAGATTATAGAGAAACATCACTAAGTGGATTTGATGGCGTACTTATTCCTGGTGEG

.

purQ

TICATTCGGGGATTACTTAAGATCTGGGGCAATGGCTAGTGTAGCGCCGATTATTTCGGAAGTTAAACGTCTTGCAGCTGAAGGTAA

—

~ purQ

GTATTAGGTGTTTGTAATGGGTTTCAAATTTTAACTGAAATAGGCTTATTACCTGGTGCATTATTGCATAACGATTCACATTTATT

purQ

AGTAGAAATGAAGAGTTAGAAATAGTGAATAATCAAACGGCATTTACAAATCTTTATGAACAAGGTGAAAAAGTTATATATCCTGT

-t - L. I N

purQ

CACGGTGAAGGTCATTATTATTGTACTGATGAAATATATCAACAATTAAAAGCTAACAATCAAATTATTCTGAAATATGTGAATAA

purQ

—

-

__Ndel

AACGGTTCATATGATGATATTGCAGGAATTGTTAACGAAAAAGGCAATGTATGTGGCATGATGCCACATCCTGAAAGAGCTTTAGA

purQ

5220

5310

5400

5490

5580

5670

5760

5850

5940

6030

6120
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TTGTTAGGTACTGATAGTGGTGTGAAATTATTTGAAGCGATGGTAAAAAGTTGGAGGGAACAACATGTCGGGTGCTTTGCCAAGGG

621C

purQ intein

AATGTTTTAATGGCGGATGGGTCTATTGAATGTATTGAAAACATTGAGGTTGGTAATAAGGTCATGGGTAAAGATGGCAGACCTCG

6300

intein

GTAATTAAATTGCCCAGAGGAAGAGAAACTATGTACAGCGTCGTGCAGAAAAGTCAGCACAGAGCCCACAAAAGTGACTCAAGTCG

6390

intein

GTGCCAGAATTACTCAAGTTTACGTGTAATGCGACCCATGAGTTGGTTGTTAGAACACCTCGTAGTGTCCGCCGTTTGTCTCGTAC

6480

intein

AAGGGTGTCGAATATTTTGAAGT TATTACTTTTGAGATGGGCCAAAAGAAAGCCCCCGACGGTAGAATTGTTGAGCTTGTCAAGGA
s I L 1 1 o 1 — 1 1 1 I H L L L A 1 L 6570

intein

Hind i

TCAAAGAGCTACCCAATATCTGAGGGGCCTGAGAGAGCCAACGAATTAGTAGAATCCTATAGAAAGGCTTCAAATAAAGCTTATTT

6660

intein

TGGACTATTGAGGCCAGAGATCTTTCTCTGTTGGGTTCCCATGTTCGTAAAGCTACCTACCAGACTTACGCTCCAATTCTTTATGA

- L L

6750

intein

GACCACTTTTTCGACTACATGCAAAAAAGTAAGTTTCATCTCACCATTGAAGGTCCAAAAGTACTTGCTTATTTACTTGGTTTATG
PN 1 ' ] a4 L : 1 . 1 1 ! L 1 . 1 5 aad 6840

intein

GGTGATGGATTGTCTGACAGGGCAACTTTTTCGGTTGATTCCAGAGATACTTCTTTGATGGAACGTGTTACTGAATATGCTGAAAA
bt 1 X ] 2 1 N 1 L 1 a 1 . [N " [ " —a b 6930

-

intein

AATTTGTGCGCCGAGTATAAGGACAGAAAAGAACCACAAGTTGCCAAAACTGTTAATTTGTACTCTAAAGTTGTCAGAGGTAATGG

7020

intein
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[CGCAATAATCTTAATACTGAGAATCCATTATGGGACGCTATTGTTGGCTTAGGATTCTTGAAGGACGGTGTCAAAAATATTCCTTC

711

intein

“TTGTCTACGGACAATATCGGTACTCGTGAAACATTTCTTGCTGGTCTAATTGATTCTGATGGCTATGTTACTGATGAGCATGGTAT

7201

intein

\GCAACAATAAAGACAATTCATACTTCTGTCAGAGATGGTTTGGTTTCCCTTGCTCGTTCTTTAGGCTTAGTAGTCTCGGTTAACGC

ol L s L 1

72

intein

ACCTGCTAAGGTTGACATGAATGTCACCAAACATAAAATTAGTTATGCTATTTATATGTCTGGTGGAGATGTTTTGCTTAACGTTCT

738(

intein

GAAGTGTGCCGGCTCTAAAAAATTCAGGCCTGCTCCCGCCGCTGCTTTTGCACGTGAGTGCCGCGGATTTTATTTCGAGTTACAAGA

747C

intein

GAAGGAAGACGATTATTATGGGATTACTTTATCTGATGATTCTGATCATCAGTTTTTGCTTGGATCCCAGGTTGTCGTCCATGCATG

756C

~ intein C

o]
[=2]

— A

[GGCCTGACCGGTCTGAACTCAGGCCTCACGACAAATCCTGGTGTATCCGCTTGGCAGGTCAACACAGCTTATACTGCGGGACAATT
N - 1 N L A 1 L ] N 1 L L N 1 X 1 1 1 7650

CBD

:ACATATAACGGCAAGACGTATAAATGTTTGCAGCCCCACACCTCCTTGGCAGGATGGGAACCATCCAACGTTCCTGCCTTGTGGCA

e L

7740

CBD
SE—

[CAATGACTGCAGGAAGGGGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGC
I L " 1 2 1 r 1 T (1 A 1 " ] 1 sl

ol L

7830

ACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGAT

—t !

7898



Figure 7. Gene Annotation. The following printout shows the annotation of the genes coding for
FGAR amidotransferase, using the linear minimap illustration.
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Figure 8a. Phylogenetic trees created in MegAlign. The phylogenetic tree for the proteins coded
for by purL and purQ genes are first, along with the alignment report.

Figure 8b. The next tree represents aligned protein sequences for the purY gene, along with the
alignment report.
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Phylogenetic tree of alignall.meg, using Clustal method with PAM250 residue weight table.
Friday, April 28, 2000 3:58 AM
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Figure 9. PCR gel. The lane on the left is a lambda BstEIl marker. The lane on the right shows the
size of the PCR product obtained with Staphylococcus aureus genomic DNA and the SapurQ start
Ndel and stop EcoRV primers.

Figure 10. Sequencing gel. A sequencing reaction was done on the plasmid preparation of colony
number 53. The sequence AAACGTCTTCAGC can be read this is identical to bases 213-227 of
the purQ gene
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Figure 11. Enzyme analysis on PCR. The first lane is PCR product of genomic S. aureus DNA.
It was cut with Ndel and EcoRV.

Figure 12. Sequencing gel. Sequencing reactions were run on PCR reactions to determine where the
Ndel site is in the purQ gene.
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Figure 13. Digest gel. Phenol- Chloroform purified plasmid preparations of colonies 1, 21, 23,
27 were digested with Xbal and HindIII. This gel shows no cutting, which was probably due to
the amount of RNA on the gel shown by the bright bands on the bottom.

Figure 14. Digest gel. The samples run on the previous gel were treated with RNase and recut.
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Figure 15. PCR gel. PCR reactions were run using the TYB2 and intien reverse primers of
plasmid preparations 1, 21, 23, and 27. Bands of 1100bp can be seen along with bands of about
450bp.

Figure 16. Wizard™ plasmid preperation. Plasmid preparations using the Wizard SV minipreps
system. Each prep was cut with Xbal and HindIII. The lane order from left to right is Lambda
marker then preps of colonies 1, 21, 23, and 27.
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Figure 17. SDS Page gel. Samples from each expression temperature were run. Lane order is:
Clarified 30 degrees 2:1, dilution, Clarified 25 degrees 2:1, dilution, Clarified 15 degrees 2:1,
dilution, BSA, RNase, crude 30 degrees 2:1, dilution, crude 25 degrees 2:1, dilution, crude 15
degrees 2:1, dilution, and a blank sample.

Figure 18. Western Blot. Lane order is the same as SDS page gel order. The arrow is pointing to
the band showing expression of the target protein.
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Abbreviations:

FGAR- 5’- phosphoribosyl N- formyglycinamide
FGAM- 5’- phosphoribosyl N- fonnyglycinamidine
BLAST- Basic local alignment search tool

PCR- polymerase chain reaction

dNTP/ ddNTP- deoxy and dideoxy nuleotides
CTAB- cetyltrimethylammonium bromide
IPTG- isopropyl- 1- thio- beta —D- galactoside
SDS- sodium dodecyl sulfate

PVDF- polyvinyl difluoride

PBS- phosphate buffered saline

NTB- nitro blue tetrazolium

BCIP- 5—>bromo—4-chloro-3 -indolyl phosphate
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