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ABSTRACT
Bacterial geneticists that wish to create mutations in specific genes currently use a

suicide vector pSUP202, developed by Simon, Priefer, and Puhler in 1983 (3), as a carri-

er molecule. This vector is difficult to use because it has cloning sites scattered through-

out the vector. In addition, this vector lacks color screening capabilities, which makes

identification of cells containing cloned genes difficult and time-consuming. The purpose

of this project is to construct a suicide vector based on the plasmid pSUP202. This new

plasmid will allow use of a wider variety of restriction enzymes in future cloning strate-

gies (5). This plasmid will also be engineered to contain the lacZ' gene which encodes

the (c-peptide of P-galactosidase. This feature will allow direct blue/white screening of

recombinant clones by inactivation of c-complementation. In addition, the new vector

will confer multiple antibiotic resistance to host bacteria. Towards these goals, a detailed

cloning strategy has been developed using computer data base sequence manipulations

and the Genetics Computer Group Sequence Analysis Software Package. A DNA frag-

ment, derived from the plasmid pUC19 cut with Hae II, was separated by agarose gel

electrophoresis. This DNA fragment, containing a multiple cloning site (MCS) and the

lacZ' gene, was purified from the gel matrix using Gene-CleanT™ and blunted with the

enzyme T4 DNA polymerase. In separate experiments, vector DNA (pSUP202) was

digested with the restriction endonuclease EcoR I and the resulting ends were also con-

verted to blunt ends with T4 DNA polymerase. The vector and insert DNA were ligated

with T4 DNA ligase and ligation products were transformed into E. coli DH5oa. Once

identified by histochemical screening, the recombinant plasmid will be purified and fur-

ther tested.

INTRODUCTION
Genetics describes the heredity and variation of living organisms and the mecha-

nisms by which this variation is brought about. The function of genes can be addressed

in two ways: Traditional genetics examines methods by which mutation occurs random-

ly. Rare mutants that cannot carry out a particular metabolic function, i.e., cells that have

the desired genotype, are recognized. The mutated genes are subsequently identified and

characterized. Using inverse genetics, the specific gene of interest is first cloned, and a

defined mutation is created in that gene. The changes in the cells' metabolic functions

caused by the defined mutation are then investigated. This approach relies on recombi-

nant DNA technology, genetic engineering, or gene cloning.

One way to generate defined mutations in specific genes is by marker exchange (4).
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The following steps are usually used (see Figure 2).

Step 1. DNA from an organism of interest (for example Rhodobacter sphaeroides)
is digested with a restriction endonuclease.

Step 2. A specific gene(s) is/are cloned into a plasmid vector (carrier).
Step 3. A selectable marker, for example antibiotic resistance, is inserted into the

gene.
Step 4. The plasmid is transformed into competent cells (typically E. coli).
Step 5. The plasmid is then moved from the organism used to do the cloning, (E.

coli cells), into a wild-type cell from which the specific gene was cloned
(Rhodobacter sphaeroides). Note that the plasmid must fail to replicate
in this host (a suicide vector).

Step 6. Inside the recipient cells, gene exchange occurs between the good copy
and the copy of the same gene which contains the antibiotic resistance
gene.

Step 7. The host cells are then grown in the presence of the antibiotic encoded by
the modified gene.

The clones that have had the disrupted version of the gene (marker) exchanged for
the normal copy in the chromosome are identified by resistance to the antibiotic. The
effects of the mutation on the metabolism of the cell are then ascertained.

MATERIALS AND METHODS
Phase I. Preparation of a cloning strategy to build a better suicide vector.

The complete DNA sequence of pUC19 vector containing a MCS and the lacZa gene
was obtained. This sequence was downloaded from a database using the World Wide
Web. A restriction endonuclease (Hae II) that has cleavage sites that will cut out the
MCS and lacZa gene as one fragment was identified. These sites were located using
Genetics Computer Group Sequence Analysis Software Package (formerly available at
UW-L). A map of the existing suicide vector, pSUP202, was obtained (4) and the avail-
ability of sites to insert the MCS and lacZa were determined. A strategy to insert MCS
and lacZa gene into the existing suicide vector pSUP202 was designed based on enzyme
compatibility.

Phase II. Vector construction, (see Figure 3).
Table 1 below shows the summary of the restriction digestion of pUC19 and pSUP202.

Table 1. Summary of restriction digestion of pUC19 and pSUP202. Incubation was done

in a 37°C water bath for 30 minutes.

Experiment # pUC19 pSUP202 10X buffer H20 100X BSA Hae II EcoR I

1 471 - 10 l 41.5 ll 1 il 0.5 --

(7 ig)

Negative control 1 l1 2 p1 17--

2 2 ll 2 11 14 11 2 11

Negative control - 1 l 2 11 17 ll
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The plasmid pUC19 was cut with Hae II to generate a fragment containing the MCS

and lacZa gene. The desired fragment was separated using a 1.2% agarose gel elec-
trophoresed overnight at 50V. A large 12" x 10" electrophoresis chamber was used to
more effectively separate the two smaller fragments (Figure 3.A). The desired fragment
(-445 bp) was purified from the agarose using Gene-CleanTM. The suicide vector

pSUP202 was digested with the restriction endonuclease EcoR I. The digested pSUP202
was visualized in an 0.8% agarose gel electrophoresed at 100V for approximately 1 hour
(Figure 3.B). A standard size electrophoresis chamber was used for this purpose. Based

on kinetic analysis of ligation reactions, a ratio of 5 nM insert for 7.5 kb vector is recom-
mended. Following this protocol, the digested DNA fragments were converted to com-

patible blunt ends using 1 1g of T4 DNA polymerase, 0.33 mM solution of all four

dNTPs, 0.5 pl 10X T4 DNA polymerase buffer and 3.5 p1 DI water. Incubation was done

at room temperature for 3 min. (2). After incubation, the enzyme was heat inactivated at

750C for 10 min. The sample was then alcohol precipitated, resuspended in 1X ligase

buffer and spiked with 1 l1 T4 DNA ligase (1). Incubation was done at 16°C for 16

hours. The ligation mixture was transformed into competent E. coli DH5ct cells (6).
Plasmid pGEM was transformed into E. coli DH5ca as positive control and cells without
a plasmid were used as negative control. The transformation mixes were plated onto LB
agarose plates containing X-gal (40fg/ml) and 50 gg/ml of ampicillin. All plates were

incubated for 20 hours at 37°C. Identification of the transformants containing the new
plasmid was done by histochemical screening.

RESULTS
According to the Genetics Computer Group Sequence Analysis Software Package,

the plasmid pUC19 can be cut with Hae II to generate three fragments of three sizes,

1871 bp, 445 bp, and 370 bp. The 445 bp fragment contains the MCS and lacZa gene is

shown in highlight.

1. Complete genetic sequence of pUC19 was obtianed (Figure 1).

2. A crude map of pSUP202 was obtained (Figure 3). There is no available sequence for

pSUP202. There are five enzymes known to cut pSUP202: EcoR I, Pst I, Hind III,

BamH I, and Sal I.

3. Digestion of pUC19 and pSUP202. Restriction digestion of pUC19 with Hae II result-
ed in 3' overhang while digestion of pSUP202 with EcoR I resulted in 5' overhang.
T4 DNA polymerase was used to blunt both the insert and vector DNA fragments cre-

ating compatible ends for ligation. "This enzyme is derived from the E. coli bacterio-

phage T4. It is a DNA-dependent DNA polymerase that has 5' -> 3' polymerase
activity and a 3' -> 5' exonuclease activity (6).

4. Transformation (see Table 2).
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Table 2. Summary of transformation results.

Volume plated(il) # of blue colonies # of white colonies

Positive control 50 972 0
200 Too many to count 0

Negative control 200 0 0

Transformants from 50 0 10
ligation mixture 100 0 31

200 0 76

There were two types of white colonies, large and small. Both types of colonies
showed morphological instability. After re-streaking a sample from a large colony, small
colonies appeared with the large ones. The same results were observed when a sample
was re-streaked from a small colony.

DISCUSSION
There are several possible reasons why no blue colonies were obtained:
1. Due to the unavailability of the complete sequence of pSUP202, the ideal site for

inserting the MCS and lacZa gene was difficult to determine. The EcoR I site chosen
based on the crude map of pSUP202 might have resulted in the loss of B-galactosi-
dase's native configuration. Therefore, it's function may have also been lost.

2. Blunting and ligation of the fragments failed. If the enzyme T4 DNA polymerase
failed to blunt either one or both of the fragments, ligation would have been impossi-
ble. The vector would have simply re-ligated on itself without the MCS and lacZa
gene. This would lead to white transformants.

3. The competent cells were simply not competent enough. The possibility of acquiring a
recombinant plasmid is rare. If the competency of the cells used (E. coli DHSot) was
low, the likelihood that a recombinant plasmid would have been successfully trans-
formed would have been lowered.

TROUBLE-SHOOTING STRATEGY
It is unlikely that the complete DNA sequence of pSUP202 will become available.

Therefore, trouble-shooting must be focused on the blunting and ligation of both insert
and vector fragments. First, more insert and vector must be purified in large quantities.
Second, each fragment must be blunted using the same procedures as before. In addition,
each fragment must also be blunted separately and test whether blunting was successful.
This can be done by re-ligating each blunted fragment with a known blunted fragment
and then screen for transformants containing the recombinant plasmid. Note that good
competent cells must be used to transform all recombinant plasmids. After ligation, the
recombinant plasmid must be tested to determine whether it actually contains the desired
insert. This can be done by digesting the recombinant plasmid with any of the restriction
enzymes known to cut in the MCS of the insert (see Figure 3).
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LOCUS
DEFINITION
ACCESSION
NID
SOURCE
BASE COUNT

tcgcgcgttt
cagcttgtct
ttggcgggtg
accatatgcg
attcgccatt
tacgccagct
tttcccagtc
cctctagagt
gtgtgaaatt
aaagcctggg
gctttccagt
agaggcggtt
gtcgttcggc
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttccccctg
ctgtccgcct
ctcagttcgg
cccgaccgct
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcagct
aaagcggtta
tcactcatgg
ttttctgtga
agttgctctt
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt
ggggttccgc
atgacattaa

ARPUC19 2686 BP
Cloning vector pUC19 (high copy number plasmid)
X02514
g58136
Cloning vector pUC19
666 a 675 c 686 g 659 t

cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca
gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg
tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc
gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgcc
caggctgcgc aactgttggg aagggcgatc ggtgcgggcc tcttcgctat
ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt
acgacgttgt aaaacgacgg ccagtgaatt cgagctcggt acccggggat
cgacctgcag gcatgcaagc ttggcgtaat catggtcata gctgtttcct
gttatccgct cacaattcca cacaacatac gagccggaag cataaagtgt
gtgcctaatg agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc
cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg
tgcgtattgg gcgctcttcc gcttcctcgc tcactgactc gctgcgctcg
tgcggcgagc ggtatcagct cactcaaagg cggtaatacg gttatccaca
ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac
ccgcgttgct ggcgtttttc cataggctcc gcccccctga cgagcatcac
gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg
gaagctccct cgtgcgctct cctgttccga ccctgccgct taccggatac
ttctcccttc gggaagcgtg gcgctttctc aatgctcacg ctgtaggtat
tgtaggtcgt tcgctccaag ctgggctgtg tgcacgaacc ccccgttcag
gcgccttatc cggtaactat cgtcttgagt ccaacccggt aagacacgac
tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt
tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt
tgctgaagcc agttaccttc ggaaaaagag ttggtagctc ttgatccggc
ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga
ctcaagaaga tcctttgatc ttttctacgg ggtctgacgc tcagtggaac
gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc
aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct
aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca
cctgactccc cgtcgtgtag ataactacga tacgggaggg cttaccatct
ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca
cagccggaag ggvvgagcgc agaagtggtc ctgcaacttt atccgcctcc
ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg
ttgccattgc tacaggcatc gtggtgtcac gctcgtcgtt tggtatggct
ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa
gctccttcgg tcctccgatc gttgtcagaa gtaagttggc cgcagtgtta
ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgc
ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg
gcccggcgtc aatacgggat aataccgcgc cacatagcag aactttaaaa
ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgctgttg
cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc
ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg
aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat
gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata
gcacatttcc ccgaaaagtg ccacctgacg tctaagaaac cattattatc
cctataaaaa taggcgtatc acgaggccct ttcgt

Figure 1. Complete genetic sequence of pUC19 (Bold indicates the Hae II enzyme cuts

fragment purified in this experiment.)
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Step 1
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Figure 2. creating defined mutations in specific genes.
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Figure 4. Agarose gel electtophoresis pattern showing the fragments produced by digest-
ing A) pUC19 with Hae II, B) pSUP202 with EcoRI.
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