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Abstract

The prion protein is thought to be the causative agent for Chronic Wasting

Disease in mule deer (Odocoileus hemionus). Prion protein polymorphisms at amino acid 

225 cause three different allele product combinations: homozygous 225 serine/serine,

heterozygous 225 serine/phenylalanine, and homozygous 225

phenylalanine/phenylalanine. The most common combination of allele products in

clinically progressed CWD in O. hemionus is serine/serine at 225. The phenylalanine 

substitution is underrepresented in diseased animals. The goal of this project was to clone 

the very rare phenylalanine encoding prion allele for future study. The polymerase chain 

reaction (PCR) was used to amplify the prion protein structural gene but not the 

pseudogene that is present in deer. Positional cloning was used to insert this amplified 

product into a DNA vector. Successful cloning of the phenylalanine allele was confirmed 

by restriction enzyme analysis and DNA sequencing. In the future, the cloned gene can 

be used to generate a recombinant virus that will be used to express this rare protein for 

in vitro study.
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Introduction

Chronic Wasting Disease, CWD, is a transmissible spongiform encephalopathy 

(TSE) disease of cervid species in North America (Williams & Young 1980, 1982, 1992). 

CWD is also known as a prion disease due to misfolded isoforms of the prion protein 

which are thought to be infectious and spread the disease (Williams & Young 1980,

1982, 1992). Chronic Wasting Disease is characterized by symptoms such as loss of 

muscle, grinding of teeth, drooping of head, terminal anorexia, as well as behavioral 

changes that include lack of awareness (Williams & Young 1980, 1982, 1992). CWD is 

similar to Scrapie in sheep, Mad Cow disease in cows, and Cureutzfeldt-Jakob disease in 

humans which also occur due to misfolding of prion proteins (Guiroy et al., 1991). 

Therefore, further investigation of CWD could help solve mysteries of other prion

diseases.

The misfolded prion for Chronic Wasting Disease in mule deer {Odocoileus 

hemionus) is referred to as PrPcwd (Williams & Young 1980, 1982, 1992). Three O. 

hemionus prion alleles exist which encode proteins that can vary at amino acids 20 and 

225. Polymorphisms at amino acid 225 cause three different allele product combinations: 

homozygous 225 serine/serine, heterozygous 225 serine/phenylalanine, and homozygous 

225 phenylalanine/phenylalanine. The most common combination of allele products in 

clinically progressed CWD O. hemionus has been found to be serine/serine at 225 (Jewell 

et al., 2005). 225 serine/phenylalanine occur to a lesser extent in a clinically diseased 

animal, and 225 phenylalanine/phenylalanine is the most rare

1



(Jewell et al., 2005). The presence of phenylalanine at amino acid 225 delays clinical 

onset in diseased O. hemionus (Jewell et al., 2005). The reasoning for this will hopefully 

be understood through more research that could possibly unlock the secrets of this

disease.

My project focused on the 225 phenylalanine allele product. By studying this 

allele product, CWD may be better understood. I tested the hypothesis that 225 

phenylalanine allele can be amplified using the polymerase chain reaction, and that this

amplified product can be cloned. Secondly, I tested whether the cloned product could be 

confirmed by restriction enzyme analysis and gene sequencing. Successful completion of 

this project may yield a cloned gene that may be used for future protein production and 

analysis.
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Materials and Methods

Genomic DNA

Genomic DNA from O. hemionus heterozygous for polymorphisms at amino acid 

225 (serine/phenylalanine) was provided by Jean Jewell at the University of Wyoming. 

With that genomic DNA, polymerase chain reaction (PCR) amplification was preformed 

to amplify the prion protein functional gene.

Polymerase Chain Reaction

The polymerase chain reaction was used to amplify the prion gene from genomic 

DNA. The PCR reaction contained: one microliter of five picamolar forward primer 

MDF-1 of sequence 5’ - CAC CAC ACC CTC TTT ATT TTG CAG - 3’ and one 

microliter of five picomolar reverse primer MDR-1 of sequence 5’ - AGA AGA TAA 

TGA AAA CAG GAA -3’, and twenty-two and five-tenths microliters of the Pfr Super 

Mix (Invitrogen). These primers were selected to amplify the prion structural gene and 

not the pseudogene. The PCR reaction was performed with the following amounts of 

genomic DNA: 1 microliter, 3 microliters, 3 microliters diluted to a 1:10 dilution, and 1 

microliter diluted to a 1:10 dilution. The PCR thermocycler was set at the following 

specifications: beginning phase of 95° C for 5 minutes, and thirty rounds of 95° C for 30 

seconds, 54° C for 30 seconds, 72 °C for 59 seconds, and an ending phase of 72° C for 7 

minutes. Five microliters of each PCR product was added to dye and electrophoresed on 

a 1% agrose gel in order to check that the correct PCR products were attained. The 

correct PCR product can be cloned into the pENTR vector through use of the Topo
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cloning reaction.

Cloning of the Prion Gene

The Topo cloning reaction included: 10 microliters of PCR product, 1 microliter 

of salt solution (provided with the Topo cloning kit), and 1 microliter of the pENTR Topo 

vector (Invitrogen). The reaction was mixed gently and incubated at room temperature 

for five minutes. Five microliters of the cloning reaction product were added to E. coli 

cells and incubated at room temperature for 5 minutes. The reaction was then chilled on 

ice for 30 minutes, heat shocked for 30 seconds at 42° C, and then put back onto ice. Two 

hundred fifty microliters of S.O.C medium were added. The reaction was then allowed to

incubate while rolling in a rack for an hour at 37° C. Lastly, the transformed cells were 

put onto LB agar-Kanamycin plates. Since the pENTR vector encodes Kanamycin 

resistance, this was a positive selection for the transformation. The cells were grown and 

colonies were then transferred to liquid medium. This allowed the pENTR vectors to be 

isolated from the cells. Isolation of prion-pENTR recombinant plasmid was performed 

using a plasmid DNA preparation kit from Qaigen. The isolated plasmids were 

electrophoresed on 1 % agrose gels.

Analysis by Restriction Digests and Gene Sequencing

Restriction digest analysis was performed because the genomic DNA used was 

from a heterozygous animal. Digestion with Bam HI linearizes any clones that have a
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single copy of the prion gene. This enzyme cuts within the prion gene sequence, but not 

within the pENTR plasmid. An Eco RI site is created by the phenylalanine 

polymorphism. Therefore, Bam HI and Eco RI double digests should yield a 500 base 

pair fragment from these desired clones but not from the serine allele. A clone that had a 

positive restriction digest was sent to Bionexus Corporation for sequencing. The gene 

was sequenced two times in both directions. The EXPASY web site was used to translate 

the sequence. The BLAST program was then used to align and compare the cloned

sequence with the most common prion gene product.
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Results

No detectable PCR product was observed when one microliter was diluted 1:10 or 

three microliters was diluted 1:10. However, the PCR reaction amplified correctly when 

the varied genomic DNA amounts were one and three microliters (Fig. 1).

The PCR product was successfully cloned into the pENTR vector through use of a 

Topo cloning reaction. The transformed E. coli cells were grown on plates; then further 

grown in liquid culture. The plasmids were isolated, and then run on 1 % agarose gels in 

order to determine whether the E. coli had accepted the vectors. Of the six isolated 

plasmids, four migrated on agrose gels in a manner consistent with them containing 

cloned inserts (Fig. 2).

In order to assess whether a single copy of the prion gene had been cloned into the 

pENTR vector, a Bam HI restriction digest was performed. Restriction digest with Bam

HI gave linear products indicating that only one copy of the prion gene was inserted into

each vector (Fig. 3).

In order to test whether the pENTR vectors had accepted the serine or

phenylalanine alleles restriction digests were performed with Bam HI and Eco RI. Those 

containing the phenylalanine allele should be cut once by each enzyme yielding a 500 

base pair fragment. Restriction digest with Bam HI and Eco RI released a 500 base pair

fragment from three of the four clones (Figs. 4 and 5).

To definitively determine that the phenylalanine allele had been cloned, and
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ensure that no unintended mutations had occurred during the cloning process, clone 

number 6 was sequenced. (Fig. 6). The translated sequence was compared to the more 

common serine allele showing that the cloned product differed only at amino acid 225
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Figure 1: Agrose gel for PCR product.
Lane 1: PCR product from the 1 micrliter of genomic DNA diluted 1:10.
Lane 2: PCR product from the undiluted 1 microliter genomic DNA reaction.
Lane 3: PCR product from the 3 microliters of genomic DNA diluted 1:10 reaction. 
Lane 4: PCR product from the undiluted 3 microliters genomic DNA reaction.
Lane 5: Molecular weight marker (Z-Hind III).
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1 2 3 4 5 6

Figure 2: Plasmids isolated following cloning of the prion gene into the pENTR vector. 
The four higher molecular weight bands represent pENTR plasmids that successfully 
incorporated prion genes while the two lower bands are pENTR plasmids that did not 
incorporate prion genes.
Lane Number Clone Number
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12 3 4

Figure 3: Digestion with Bam HI gave linear products. This shows that the pENTR 
vectors chosen had one single prion gene inserted per vector.
Lane Number Clone Number
1
2
3
4

1
3
5
6
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12 3 4

Figure 4: Digestion with Bam HI and Eco RI to give a 500 bp segment in three of the 
clones (arrow). These isolated clones contain the phenylalanine allele.
Lane Number Clone Number
1
2
3
4

1
3
5
6
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1 2 3

Figure 5: Repeated restriction digest with Bam HI and Eco RI to confirm results; the 500 
fragment in lane 2 was observed again (arrow), indicating that the phenylalanine allele 
was present.
Lane Number Clone Number
1 5
2 6
3 MW Marker
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Clone: 1 MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGW 60

Prion: 1
MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGW
MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGW 60

Clone: 61 GQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAA
GQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAA

120

Prion: 61 GQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAA 120

Clone: 121 AGAWGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQYNNQNTFVH
AGAWGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQYNNQNTFVH

180

Prion: 121 AGAWGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVYYRPVDQYNNQNTFVH 180

Clone: 181 DCVNITVKQHTVTTTTKGENFTETDIKMMERWEQMCITQYQREFQAYYQRGASVILFS S 
DCVNITVKQHTVTTTTKGENFTETDIKMMERWEQMCITQYQRE QAYYQRGASVILFSS

240

Prion: 181 DCVNITVKQHTVTTTTKGENFTETDIKMMERWEQMCITQYQRESQAYYQRGASVILFSS 240

Clone: 241 PPVILLISFLIFLIVG 256
PPVILLISFLIFLIVG

Prion: 241 PPVILLISFLIFLIVG 256

Figure 6: Amino acid sequence of the cloned gene that differs from the most common 
allele product only at amino acid 225. The upper sequence is the cloned sequence, the 
bottom sequence is the serine allele, and the middle sequence indicates positions where 
the upper and bottom sequence match.
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Discussion

I successfully tested my original hypotheses. The 225 phenylalanine allele of O. 

hemionus was amplified using the polymerase chain reaction and the amplified product 

was cloned. The cloned product was confirmed by restriction digest and gene sequencing.

The cloned phenylalanine allele can be used in many applications. The cloned 

allele could be used to generate a recombinant virus producing the phenylalanine protein. 

This virus could be used to probe the mechanism by which this allele provides disease 

resistance. One hypothesis is that the phenylalanine protein is produced at lower levels 

than other allele products. To test this hypothesis, insect cells could be infected with 

viruses encoding either the serine allele or phenylalanine allele. If less production of the 

phenylalanine protein is observed, then disease resistance may be related to a decreased 

amount (and in turn availability) of these prions in the digest host.

An alternative hypothesis is that the phenylalanine protein is resistant to 

misfolding. The ability of the phenylalanine protein to convert to the CWD form in vitro 

can be compared to other alleles’ ability to misfold in presence of CWD. If the 

phenylalanine allele shows less efficient misfolding compared to other alleles that would 

provide insight into its disease resistance properties. The phenylalanine allele has been 

shown in other studies not to be commonly associated with the disease (Jewell et al., 

2005); it provides longer incubation time to progress to the clinically diagnosed disease

(Fox et al., 2006).
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Similar resistance of misfolding due to a certain allele polymorphism has been 

seen in Creutzfeldt-Jakob disease (Tahiri-Alaoui et al., 2004). Individuals are more likely

to contract Creutzfeldt-Jakob disease when the methionine 129 prion allele is present.

The product of the methionine 129 prion allele oligomerizes intothe disease causing form

more rapidly than the valine 129 form (Tahiri-Alaoui et al., 2004).

An amino acid polymorphism that influences disease susceptibility is also in elk 

(O’Rourke et al., 1999). Elk, homozygous for methionine at amino acid 132 are much 

more likely to contract CWD (O’Rourke et al., 1999). A polymorphism that causes 

leucine at amino acid 132 is under represented in the diseased elk population (O’Rourke 

et al., 1999). To test this finding, transgenic mice were examined that produce elk prions 

that vary at amino acid 132 (Green et al., 2008). This study suggests that the leucine 

polymorphism at 132 results in a less efficient conversion to CWD prions (Green et al.,

2008).

These findings are very closely associated with what was has been found for the 

phenylalanine allele at 225 in CWD of O. heminous (Jewell et al., 2005). Further research 

into the misfolding resistance of the phenylalanine allele could prove to be a very helpful 

insight into human diseases. Further studies with the protein product of this newly cloned

allele will be valuable in these efforts.

Chronic Wasting Disease is becoming more prevalent in the United States as well

as Canada (Sigurdson and Aguzzi, 2006). It is unknown if the disease is transmissible
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across species from elk or deer to humans. Further study of CWD and of the prion protein 

polymorphism’s at amino acid 225 is very important in order to stop the spread of the 

disease and to create more insights into other prion related diseases such as Scrapie and 

Mad Cow Disease as well as prevent other species from acquiring the disease.
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