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Abstract

Accumulations o f abnormal prion protein are thought to be the cause o f the 

transmissible spongiform encephalopathies, which are degenerative brain diseases. 

Throughout the disease process it is hypothesized that there is some sort of binding that 

occurs among the proteins. This research project involved the search for a strong, most 

likely covalent, linkage in a dimer of prion proteins. The focus was on the amino acid 

sequence o f the prion protein from 220 to 232. The lysine residue in this sequence was 

of particular concern due to its involvement in covalent linkages in other proteins (Priola 

et al., 1995; Reiser et al., 1992). The following amino acid deletions were made to 

determine if  their absence resulted in a loss of binding between the segments o f amino 

acids o f two proteins: Lys, Glu, Ser, Lys/Glu, and Glu/Ser at positions 220, 221, 222, 

220/222, and 221/222, respectively. It was hypothesized that the mutant with lysine 

deleted from its sequence would not be involved in dimer formation. However, an SDS- 

polyacrylamide gel electrophoresis of these mutant proteins indicated dark bands at 

approximately 60 kDa, the size o f two linked 30 kDa prion proteins, indicating that all 

the proteins were still able to dimerize. Therefore, the binding site o f two molecules of 

prion protein must involve other amino acids.
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Introduction

A dimer of prion protein may be useful in understanding the spread o f the 

transmissible spongiform encephalopathies (TSEs), which are infectious 

neurodegenerative diseases that invariably lead to death (Prusiner, 1995). TSEs occur in 

humans as kuru, Creutzfeldt-Jakob Disease (CJD), Gertstmann-Straussler-Scheinker 

syndrome, Fatal Familial Insomnia, and new-variant CJD. Cattle are afflicted with 

bovine spongiform encephalopathy, better known as mad cow disease. Felines and mink 

are also susceptible to the TSEs. Deer and elk can be infected with Chronic Wasting 

Disease, and goats and sheep contract the TSE known as scrapie (Pocchiari, 1994). Those 

afflicted with the disease show an accumulation o f abnormal prions in their central 

nervous systems, spleens, and lymph nodes (Caughey and Chesebro, 1997). These 

diseases almost always cause lesions in the brains of those afflicted. The brain becomes 

spongy, hence the name spongiform encephalopathy. Other signs o f the disease include 

trembling of the head, tremors of the whole body, shivering, lack of coordination, 

behavioral abnormalities, memory loss, confusion and dementia (Pocchiari, 1994). There 

is no cure, treatment, or vaccine against these diseases due to the lack of information 

regarding the precise nature o f the infectious agent and the mechanisms by which the 

agent enters the target cell or induction of neurodegeneration (Priola et al., 1999). Any 

insight into how these diseases occur, such as elucidation o f the bonding in the prion 

protein dimer, therefore, is o f great scientific value.

It is unclear how TSEs arise, but the disease process involves the conversion of a 

normal form of prion protein (known as PrP-sen because it is proteinase K sensitive) to 

an abnormal, disease-associated form, which is proteinase K resistant and referred to as



PrP-res (Caughey and Chesebro, 1997). Caughey and Raymond (1991) obtained results 

stating that PrP-res is made from a PrP-sen precursor in a post-translational event after 

the PrP-sen has reached the cell surface. During the conversion process, the normal prion 

protein, which is mainly alpha helix in secondary structure, undergoes a refolding at the 

N-terminus o f the protein to include more beta sheets. This process is depicted in Figure

1. It is also o f interest to note that PrP-sen and PrP-res both have the exact same amino 

acid sequence. Figure 2 shows the linear view of each o f the proteins.

Figure 1: Models of normal and abnormal prion protein. Notice that PrP-sen is 
mostly a-helix in its secondary structure while PrP-res contains more (3-sheets. See 
Figure 2 for a linear view of these two proteins.

PrP-sen PrP-res

*
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Figure 2: Structure of normal prion protein (top) and, after a conformational 
change, the disease-associated prion protein structure (bottom). The light boxes 
represent areas o f a-helix, while the dark boxes represent areas of (3-sheet. Notice that 
PrP-res consists o f many more (3-sheet structures and is a more compact molecule. The 
lollipop-shaped symbol at the end of the proteins represents the glycophosphatidyl 
inositol (GPI) molecule that anchors the protein to the cell surface.

- - - - - - - - - - - -  9 i e n  i . : : i  1 !

conformational change
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Two models attempt to explain the conversion of PrP-sen to PrP-res. The 

heterodimer model predicts that a molecule of PrP-res combines with a molecule o f PrP- 

sen to form a heterodimer (Caughey and Chesebro, 1997). Then somehow the PrP-sen 

undergoes a conformational change to PrP-res so that a homodimer o f PrP-res is formed. 

This homodimer then splits apart into two monomers of PrP-res that can then bind to and 

convert more molecules of PrP-sen to PrP-res. The other model is the seeded 

polymerization model. In this hypothesized conversion process, molecules o f PrP-res 

bind together to form a “seed” that can then bind many monomers, dimers, trimers, etc., 

of PrP-sen and convert them all to PrP-res at once (Jarrett and Lansbury, 1993). The 

formation of the seed is slow, but after it is made, monomers can be added quite rapidly. 

In support o f this seeded polymerization model, Caughey et al. (1995) showed that the
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conversion of PrP-sen to PrP-res often involves particles larger in size than monomers or 

dimers o f prion protein. Furthermore, Meyer et. al. (2000) observed the occurrence o f a 

monomer-dimer equilibrium among prion proteins.

Priola et al. (1995) found a dimer o f PrP-sen with properties o f both PrP-sen and 

PrP-res (Table 1). Since both of the models mentioned above involve dimers of PrP, it 

seems reasonable to investigate the dimer found by Priola et al. (1995). The dimer may 

be a helpful molecule in understanding the intermediate steps involved in conversion of 

the normal prion protein to the disease-associated form. The normal prion protein has a 

molecular weight of approximately 30 kDa. The dimer is approximately 60 kDa, the size 

of two linked prion proteins. This dimer did not dissociate under treatment with 

dithiothreitol (DTT), 8 M urea, 96% formic acid, or boiling 10% SDS-PAGE buffer, 

indicating that a strong, most likely covalent, bond held the two molecules together 

(Priola et al., 1995).

Table 1: Properties of the dimer as they relate to the properties of PrP-sen and 
PrP-res.

PrP-sen Dimer PrP-res

Proteinase K sensitive yes yes no

Forms large aggregates no yes yes

Cell surface expression yes no no

Metabolic half-life short short long

In scrapie-infected brain? yes yes yes

To understand how dimerization of prion protein could occur, the structure o f the 

hamster prion protein was studied. The hamster prion protein consists o f 255 amino
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acids, 232 o f which are present after translation (Pocchiari, 1994). A glycophosphatidyl 

inositol (GPI) molecule attached to amino acid 232 anchors the normal protein to the cell 

surface (seen in Figure 2). A deletion o f amino acids 34 to 94 at the N-terminal o f the 

protein produced protein that was still able to form a dimer; therefore, these amino acids 

were not involved in the covalent bond (Chesebro, unpublished data). However, a 

deletion o f amino acids 218 to 232 showed that prion protein dimers were no longer able 

to form (Priola, unpublished data). It was also found that removing the GPI anchor 

resulted in a loss o f dimer formation among the proteins (Priola, pers. comm.). However, 

Priola (pers. comm.) found that the GPI anchor was not required for dimerization to 

occur. Therefore, these existing data led to the hypothesis that the amino acid sequence 

from 218 to 232 is involved in the linkage of two prion proteins to form a dimer. It was 

found that dimerization did not occur in PrP made with C-terminal deletions o f amino 

acids 218 to 232 (Priola, pers. comm.). Upon observation o f this sequence of amino 

acids, attention was directed toward lysine at position 220 (Fig. 3). Lysine contains a 

positively charged amino group that was found to be involved in strong, covalent 

linkages in other proteins (Reiser et al., 1992). Therefore, I hypothesize that this lysine 

residue is somehow involved in the presumed covalent bond of the prion protein dimer.

Figure 3: The amino acid sequence of the prion protein thought to be involved in 
dimer formation. Numbers refer to amino acid residues.

218 219 220 221 222 223 224 225 226 227 228 229 230 231 232

T y r- Gin - Lys- Glu - S e r- Gin - Ala - T y r- T y r- Asp - G ly—A rg - A rg- Ser - Ser
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This project involved the deletion of a combination o f three amino acids in the 

sequence from 220 to 232, including the lysine residue, to determine if  the dimer could 

still form. A loss of dimer formation would be of great significance and possibly lead to 

a better understanding o f the conversion o f PrP-sen to PrP-res. Assuming no loss of 

dimerization capabilities in the mutant proteins, the conclusion could be drawn that the 

covalent bond occurs elsewhere in the protein sequence or that there is some other 

mechanism involved in the formation of prion protein dimers.

Methods

Cloning

Eight DNA mutants deleted for various amino acids o f hamster prion protein were 

prepared by Dr. Ina Vorberg o f RML. I then cloned the mutant DNA into the retroviral 

expression vector, pSFF. The pSFF and the mutant DNA were cut with the restriction 

enzyme Xhol. For this digest to occur 6.25 |iL o f pSFF and 26.3 |iL of mutant DNA 

were added to different tubes containing 2 |iL Xhol, 5 (iL restriction endonuclease buffer

2, and 5 ^L bovine serum albumin (BSA). Then 31.75 (iL of double-distilled water 

(ddHiO) were added to the pSFF and 11.7 (iL of ddFLO to the mutant DNA. These 

solutions were incubated for 3 hr in a 37°C water bath. In the meantime, an agarose gel, 

prepared with 1 g agarose and 100 mL of lOx TBE buffer, was made with a 50-jllL comb, 

allowed to dry for at least 30 min, and placed in the electrophoresis unit with lOx TBE 

buffer. After the 3-hr incubation of pSFF and mutant DNA, they were placed on ice for 

5-10 min. Two (iL from each tube were pipetted into two new tubes along with 2 (iL of 

DNA loading buffer and then centrifuged for 5-10 sec. The contents o f each o f these
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tubes were pipetted into the lanes of the agarose gel. Two |iL of uncut pSFF and mutant 

DNA were added to the separate lanes of the agarose gel and acted as controls. Two |0.L 

o f DNA ladder were added to the first lane, as in all subsequent gels. The gel was run for

2 hr and 15 min, then rinsed with ethidium bromide for 5 min, rinsed with water, and then 

photographed, as was the procedure for all subsequent gels. The Xhol-cut pSFF vector of 

-12  kb and mutant DNA insert o f ~1 kb were then cut out o f the gel with razorblades and 

placed in microcentrifuge tubes labeled appropriately. Then the QIAquick Gel Extraction 

Kit was used to extract and purify 30-50 JJ.L of the cut pSFF and the mutant DNA. Three 

and one half |uL samples o f each type of DNA were electrophoresed to make sure the 

extracted DNA had no contaminants.

Dephosphorylation and Ligation

Two jiL of shrimp alkaline phosphatase (SAP) and 3 |liL SAP buffer were added to

the Xhol-cut pSFF and the tube was centrifuged for 5-10 sec. The tube was placed in a

37°C water bath for 2 hr, on a 65°C heating block for 20 min and then in a -20°C freezer

overnight. The SAP-ed pSFF vector (~12 kb) was then ligated with the Xhol cut mutant

DNA (~1 kb) by adding the following to four different tubes:

1.) 3 |iL mDNA 2.) 5 |lL mDNA 3.) 1 |lL pSFF 4.) 1 |lL P4-6
1 JiL pSFF 1 [iL pSFF 1 jiL lOx Lb. 1 (iL lOx Lb.
1 |jL lOx Lb. 1 (J.L lOx Lb. 0.5 p.L T-4 ligase 0.5 (iL T-4 ligase
0.5 |J,L T-4 ligase 0.5 |lL T-4 ligase 7.5 (iL ddFLO 7.5 |j.L ddF^O
4.5 |iL ddH20 2.5 |nL ddH20

(l.b.= ligase buffer, mDNA=mutant DNA, P4-6=hamster DNA coding for prion protein)

Tubes 3 and 4 acted as negative and positive controls, respectively. All four tubes were

then centrifuged briefly and placed in a 12°C water bath overnight.
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Transformation of DNA into Bacteria 

The ligated DNA from the four tubes was transformed into bacteria by the 

following procedure. One hundred |iiL of competent bacteria cells were dispensed into 

four different microcentrifuge tubes labeled 1 through 4 for each of the ligations made 

above. Five |iL o f the DNA from the four tubes above with ligated DNA were dispensed 

into the tubes with the bacteria cells and placed on ice for 30 min. Next, the tubes were 

placed in a 42°C water bath for exactly 2 min and then on ice for 2 min. One mL of 

lysing buffer was added to each tube and the tubes were placed in a 37°C water bath for 1 

hr. Next, the four tubes were spun down for 1 min at 13,000 rpm and all but about 100 

|iiL o f the supernatant were discarded. These 100 |iL were then re-suspended and spread 

on Y-T agar (with carbenicillin) plates labeled 1 through 4. These inoculated plates were 

then placed in a warm room to promote the growth of the bacteria. The colonies on the 

plates were then counted and a mini-prep was made of the colonies that grew.

Mini-prep procedure 

One 16-mL glass tube for each growing colony was obtained. Two mL of lysing 

buffer-0.2% ampicillin (LB-amp) were pipetted into each glass tube. Then bacterial cells 

from a colony were added to a glass tube by touching the colony with a pipette tip and 

then injecting the tip into the tube. This procedure was done for every colony. All of 

these tubes were then placed in a warm shaker overnight for the bacteria to grow. The 

next day, the contents o f the glass tubes were poured into microcentrifuge tubes and 

centrifuged for 1 min at 13,000 rpm. After the supernatant of each tube was discarded, 

300 jllL of TENS were added and the tubes were vortexed for 4 sec. Then 150 |J,L of
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sodium acetate were added and the tubes were vortexed for 3 sec. After the addition of 

the sodium acetate, all tubes were centrifuged for 5 min at 13,000 rpm. The supernatant 

in the tubes was transferred to a new set o f tubes and centrifuged again at 13,000 rpm for 

5 min. This supernatant was transferred to a new set of tubes containing 750 (J.L o f 100% 

ethanol and, after inverting, placed on ice. Again, the tubes were centrifuged at 13,000 

rpm for 5 min and the supernatant was poured o ff Seven hundred fifty |iL of 70% 

ethanol were added to the pellet in all the tubes, which were then centrifuged as before. 

Next, the ethanol was aspirated with vacuum and the tubes were allowed to dry on a 

heating block at 50°C to 60°C. Once the tubes were dry, 30 |itL o f TE-RNAse were 

added to each and they were allowed to sit at room temperature for 1 -4 hr. Then 3 fiL of 

this mini-prep solution were loaded into an agarose gel to be run in the electrophoresis 

unit for about 2 hr to make sure the DNA was in the correct form.

Checking for Positive Clones 

Ligated samples o f DNA were then digested with Xhol to ensure they contained 

the mutant DNA insert. Five (J.L ligated DNA, 1 |iL Xhol, 1.5 |iL restriction 

endonuclease buffer 2, and 2.5 |J,L ddHbO were added to microcentrifuge tubes. The 

tubes were then placed in a 37°C water bath overnight. To check for the correct 

orientation o f the insert, the ligated DNA was cut with the restriction enzyme Nael with 

the following added to 5 j iL of the DNA: 1 |a.L Nael, 1.5 (J.L restriction endonuclease 

buffer 1, 1.5 jliL BSA, and 1 |iL ddF^O. This digest was also placed at 37°C, but only for 

4-5 hr. The pSFF was the positive control for both of these enzyme digests. The next 

day, both of these enzyme digests were separated by electrophoresis for 1 -2 hr.



Maxi-Prep Procedure 

A maxi-prep was made of the ligated DNA with the correct insert in the right 

orientation by the following procedure. One hundred mL of LB-amp were added to a 

2000-mL flask. Then, the LB-amp was inoculated by injecting into the flask a pipette tip 

with bacterial cells from a colony containing the ligated DNA. This flask was then 

placed in a warm shaker overnight. The next day, the contents of the flask were poured 

into a 500-mL centrifuge tube. This tube was then centrifuged for 10 min at 5,000 rpm 

and the supernatant was discarded. The DNA was isolated via the Qiagen maxi-prep kit 

protocol. Then 1 |iL o f the isolated DNA was combined with 99 (J.L ddt^O and placed in 

the spectrophotometer to determine the concentration of DNA in the sample. The rest of 

the maxi-prep DNA was stored in the freezer.

Transfection

The cloned DNA (from the maxi-prep) was transfected into retroviral packaging cells, 

V|/2 and PA317. The \j/2 and PA317 cells were grown to confluency in RPMI-10% FBS 

medium and counted with a hemocytometer using 10 |J.L from each cell line. Once the 

average count was obtained, it was multiplied by 104 to get the number of cells/mL.

Since it was desired to have 1.2xl05 cells for the transfection, this number was divided by 

the cells/mL to get the number o f milliliters o f \|/2 and PA317 to add to a 6-well plate. 

Two mL of RPM 1-10% FBS were added to the wells of a 6-well plate. Then the 

appropriate amounts o f both \j/2 and PA317 were added to the wells, and, as negative 

controls, they were each added alone to separate wells. The cells were then incubated 

overnight at 37°C. The media were aspirated off the cells and 2 mL of Dulbecco’s
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minimal essential media-10% FBS were added to the cells. Also on the next day, the 

“transfection cocktail” was made. DNA was added to microcentrifiige tubes in 5 |Hg, 10 

|4g, and 15 fig concentrations and calculations were done to determine the number of 

microliters o f DNA that were needed for these concentrations. To the tubes containing 

the different amounts of DNA, 10 (iL of CaCl2 were added, plus enough ddH20 to bring 

the total volume to 100 juL. Then 100 (J.L of 2x HBS were added drop-wise to each tube 

and mixed thoroughly. The tubes sat at room temperature for 20 min and then these 

“cocktails” were added gently to the appropriate wells containing \j/2 and PA317 cells in 

the 6-well plate. The plate was incubated overnight again. Then the cells were 

transferred to a 6-well plate with RPMI-10% FBS medium. Cells were also added to a 

24-well plate with RPMI-10% FBS to be grown for 2 days and used for 

immunofluorescence.

Immunofluorescence 

All o f the medium was removed from the cells in the 24-well plate by aspiration. 

Then the cells were rinsed twice with 1 mL of PBBS. Five hundred (J.L o f 3F4 tissue 

culture supernatant were added to the cells and allowed to sit for 30 min at room 

temperature. Then the cells were rinsed twice with 1 mL of PBBS again. Five hundred 

fiL of 95% ethanol were added to the cells for 1-2 min, followed by two rinses with 1 mL 

of PBBS. Next, 200 |J,L of secondary goat anti-mouse FITC conjugated antibody were 

added to the cells, which were then set at room temperature for 30 min. Again, the cells 

were rinsed twice with 1 mL of PBBS and examined with a fluorescence microscope. 

Once 80% to 100% of the cells displayed a bright green color under the fluorescent light
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(Fig. 4), they were transferred to 25-cm2 flasks with RPMI-10% FBS and grown to 

confluency.

Figure 4: Retroviral cells (\|/2 and PA317) transfected with mutant DNA and treated 
with the immunofluorescence method. In this method, the cells are first tagged with 
3F4 antibody tissue culture supernatant. Then, goat anti-mouse FITC conjugated 
antibody is applied to the cells, which binds to the primary antibody. This secondary 
antibody produces a bright green color under the fluorescent light. The bright green cells 
appear white in this black and white photo on the left. These cells have taken up the 
mutant DNA and express prion protein on their surface. The picture on the right shows 
those cells that have not taken up the DNA and, thus, do not contain prion protein.

Cells expressing PrP Cells not expressing PrP

Cells stained with anti-PrP monoclonal antibody + fluorescein-anti-mouse IgG

Cell Lysis

Cells expressing mutant DNA were lysed in order to isolate the protein. First, all 

the RPMI-10% FBS medium was poured out o f the flasks and the excess was vacuumed 

out. Next, 3 mL of PBBS were added to each flask, and each was rocked back and forth
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to rinse the cells. All of the PBBS was aspirated out and 1 mL of PLB was added to each 

flask to lyse the cells. The flasks were rocked back and forth a few times to allow the 

PLB to cover all the cells and then left stationery for 30 sec to 1 min. Next, the liquid in 

the flasks was poured into microcentrifuge tubes. These tubes were centrifuged for 5 min 

at 13,000 rpm. The supernatant from the tubes was poured into centrifuge tubes and 

placed on ice. Then, 100 (iL from the each tube were removed and placed in new tubes 

with 100 |iL of 2x SABU. These new tubes were boiled for 5 min., centrifuged for a few 

sec and then placed in a -20°C freezer. Four mL of cold methanol were added to the 

original tubes. These tubes were also placed in the freezer.

Protein Gel and Western Blot 

The protein-2x SABU mixtures in the centrifuge tubes'were removed from the 

freezer and boiled for 3 min. Meanwhile, two polyacrylamide pre-cast Novex gels, each 

with 15 lanes, were obtained and placed in the electrophoresis unit which was filled with 

lOx PAGE buffer. After boiling the contents of the tubes, 10 |J.L of each sample were 

added to a well in each gel. Twelve |iL of molecular weight marker were added to the 

last lane on both gels. Normal hamster prion protein was used as the positive control and 

proteins from V|/2 and PA317 cells were used as negative controls. The electrophoresis 

unit was then run at 150 V for 1-2 hr. To blot the gels onto the membranes, a sponge, 

filter paper, the protein gel, a membrane soaked with methanol, filter paper, and another 

sponge, in this order, were all placed in the blotting cases contained in transfer buffer. 

Precaution was taken to avoid trapping air bubbles in any o f the layers and to completely 

soak the blotting cases in transfer buffer. Then the cases were closed and placed in the
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western blot apparatus. The blotting apparatus was filled with transfer buffer and its tray 

was filled with ice. Also, a magnetic spin bar was placed at the bottom of the blot 

apparatus. The apparatus was brought into a cold room, placed on a magnetic stirring 

plate, and run at 40 V overnight. The next day, the membranes were removed with 

tweezers from their cases and placed in a container o f 2.5 g of milk powder dissolved in 

50 mL of TBST. This container was placed on a shaker for about 1 hr. Meanwhile, a 1:5 

mixture o f 3F4 and peptide 106-126 was prepared in a microcentrifuge tube and 

incubated in a 37 °C water bath. After 1 hr, the milk-TBST solution was poured out and 

the membranes were placed in two different containers. A solution o f 50 mL of TBST 

and 5 |llL 3F4 antibody was poured into one container. To the other container, a solution 

of 50 mL TBST and 5 |iL of the 3F4-peptide mixture was added (for the peptide 

competition method). Both containers were placed on the shaker for 2-3 hr. Next, both 

membranes were washed 4-5 times with TBST over a 30-min time span with shaking 

between washes. Then a solution of 50 mL TBST and 16.6 (iL anti-mouse 

immunoglobin horseradish peroxidase was added to each membrane and the containers 

were placed on the shaker for 1-2 hr. The membranes were then washed with TBST as 

before. Each membrane was then soaked in a 3-mL mixture of the two types of enhanced 

chemiluninescence (ECL) reagents for exactly 2 min. Next, each membrane was placed 

in a plastic cover, brought to the photo lab, exposed to film, and developed. The film was 

then labeled with the molecular weights, antibody, and the length of exposure to film. 

Finally, the picture was analyzed to see if the 60 kDa dimer band was present in any of 

the lanes containing the mutant proteins.
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Results

The western blot shown in Figure 5 was analyzed to determine whether lysine or 

other amino acids in the 220-232 sequence of the prion protein were involved in the 

formation of a 60 kDa dimer. The lysine and other amino acid mutants clearly expressed 

the typical bands o f the prion protein along with the dimer band at 60 kDa. The mutants 

were compared to a positive control and two negative controls that each gave their 

expected results.

*
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Figure 5: Results of western blot of protein gel of proteins containing mutant DNA.
The specific deletions in the amino acid sequence o f each protein are shown at the top of 
each lane. The molecular weight in kilodaltons is displayed on the left o f the figure. The 
positive control is in the far right lane with the negative controls in the two lanes to the 
left o f it. All the mutants were able to form the dimer as seen by the presence of a band 
at 60 kDa.___________________________________________________________

Deletion Lys/Glu Lys Lys Ser Glu Ser Glu/Ser Glu/Ser Neg. Controls Pos. Control

The photograph o f the membrane in Figure 6 was analyzed to confirm the results 

observed in Figure 5. This picture shows the membrane developed with the peptide 

competition method, which allowed only those protein bands uncharacteristic of the prion 

protein to be seen. If a 60 kDa band were present on this membrane it would indicate 

that the protein band seen at this molecular weight in Figure 5 was not prion protein, and 

therefore, not the dimer. However, Figure 6 shows that the dimer bands in the positive



control and the mutant proteins are not present. Therefore, the bands seen at 60 kDa in 

Figure 5 are, indeed, prion protein.

Figure 6: Results of western blot of protein gel of proteins containing mutant DNA 
developed by the peptide competition method. The specific deletions in the amino 
acid sequence of each protein are shown at the top of each lane. The molecular weight in 
kilodaltons is displayed on the left of the figure. The positive control is in the far right 
lane with the negative controls in the two lanes to the left o f it. Notice that there is no 
dimer band present at 60 kDa, indicating that the band seen in Figure 5 is definitely prion

Discussion/Conclusion

According to my hypothesis, deletion of the lysine residue at position 220 in the 

prion protein sequence should have rendered the proteins unable to dimerize. It was 

expected that, without lysine and its positively charged amino group, a covalent bond
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would not be able to form to hold two prion proteins together. Since the molecular 

weight o f the prion protein dimer is approximately 60 kDa, the presence o f bands at this 

molecular weight on a protein gel indicates the occurrence of dimerization among the 

proteins. Therefore, given the presence of 60 kDa bands produced by the mutant prion 

proteins, my hypothesis can be rejected. Rejection o f the hypothesis means that deleting 

the lysine residue at position 220 in the prion protein sequence does not prevent proteins 

from forming the 60 kDa dimer. Deletions of glutamate at position 221 and serine at 222 

also do not affect the ability o f the prion protein to dimerize. Although previous research 

has shown that the prion protein sequence 218-232 is involved in dimer formation 

(Priola, pers. comm.), this experiment demonstrates that the presumed covalent bond 

holding two monomers o f prion protein together does not solely involve amino acids 220- 

222.
Several points should be made regarding these results. It may be possible that 

lysine, glutamate and/or serine are only partially involved in the covalent bond and other 

amino acids that were not deleted in this study were still able to form a bond. It is also 

possible that the lysine, glutamate, and serine deleted here are in no way involved in the 

covalent bond o f the prion protein dimer. There may be other amino acids in the 

sequence 218-232 o f the protein that are responsible for the dimerization. For example, 

there are two arginine residues at positions 229 and 230 that have a positively charged 

amino group (like lysine) that may be involved in the covalent bond. Also, there are two 

serines located at positions 231 and 232 that have a negatively charged hydroxyl group 

that may somehow be involved in the dimer bond.
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It may also be possible that the prion protein is not really cleaved at amino acid 

232 after translation. Therefore, perhaps it is an amino acid (or acids) past 232 that is 

involved in the covalent bond o f the dimer. As stated earlier, the GPI anchor is not 

required for dimers to form. Therefore, this anchor may indicate something to us about 

dimer formation. The GPI anchor must be added to the end of the translated protein after 

amino acids 233-255 are cleaved. But if  these amino acids were not cleaved, there would 

be no place for the GPI anchor to attach to the protein. Therefore, since the dimer does 

not require the GPI molecule, the dimer may possibly be formed when prion proteins are 

incorrectly translated. There is some evidence that a region of the untranslated segment of 

the protein may have some effect on the ability o f prion proteins to form dimers (Priola, 

pers. comm.). The dimerization properties of untranslated prion protein and proteins 

containing a few of the normally cleaved amino acids (such as PrP with amino acids 235- 

255 deleted) should be observed to determine the validity of this possibility. Also, an 

antibody made specific to the amino acids cleaved during translation could be applied to 

proteins shown to form dimers. Antibodies binding to the dimers would prove that the 

proteins contained that sequence of amino acids.

The data supporting the region from 218-232 in the prion protein sequence as the 

site o f the covalent bond come from a previous study by Priola (pers. comm.) in which it 

was discovered that prion proteins with these fifteen amino acids deleted were not able to 

form the dimer. This result refutes an earlier prediction that one o f the three lysine 

residues in the first 67 amino acids at the N-terminus may be involved in the covalent 

linkage (Priola et al., 1995). This prediction was also proven incorrect by Chesebro’s 

unpublished data that mutant proteins with amino acids 34-94 deleted at the N-terminus



can still dimerize. Therefore, it seems unnecessary to delete other regions o f the 

translated prion protein in attempts to see if the proteins can still form the dimer.

While a few scientists have touched on the idea o f a prion protein dimer, so far, 

even fewer have looked into the nature and location of the bond in the dimer. Plus, some 

scientists have speculated that the bond in Priola’s dimer was enzymatically induced by 

the tissue culture cells used in her experiment (Meyer et. al., 2000). Therefore, not much 

data exist with which to compare my results. Perhaps the next step, rather than continue 

the time-consuming deletion of amino acids in the 218-232 sequence, should be to use 

mass spectroscopy to reveal the site o f the covalent bond in the dimer, whether it is in the 

translated or untranslated portion of the protein.

If the prion protein dimer were indeed linked to the conversion of PrP-sen to PrP- 

res in the TSE diseases, elucidation of the site o f the covalent bond would be o f great 

benefit to the research being conducted in this area. Knowing the location o f the dimer 

binding site in the prion protein may allow scientists to find a manner in which to block 

the site in order to slow or completely stop the disease process. However, the dimer is 

still a questionable molecule to many prion protein researchers and further studies will 

have to be performed to uncover the true significance of the dimer in prion diseases.
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