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ABSTRACT

A method to identify hamster prion protein within mouse brain 

homogenate was developed by an immunoassay technique. The brains 

from several strains (C57BI/6, B6.I Prpb, Ablated, HaTg7) of mice 

were extracted and each was individually homogenized to rescue the 

protein component of the homogenate. The protein solutions were 

assayed with the Bio-Rad DC Protein Assay to determine protein 

concentration. The protein homogenates were electrophoresed in 

acrylamide gels and subsequently electro-blotted to a nitrocellulose 

membrane to ensure the presence of protein within the homogenate. 

Two distinct enzyme-linked immunoassays were performed on the 

protein homogenates to determine the optimum conditions for the 

identification of hamster prion protein. Ultimately, it was found 

that a dilution of 1:10® of primary antibody (13A5) would bind to 

the hamster prion protein in sufficient quantity to elicit a notable 

reaction in an enzyme-linked immunoassay.

i i i



USTOF FIGURES

Figure Page

1. Nitrocellulose membrane strips showing binding of
primary antibody dilutions to hamster PrP.........................................15

2. Nitrocellulose membrane showing binding of primary
antibody (1:106) to differing amounts of PrP.................................... 16

i v



LIST OF TABLES

Table Page

1. Protein concentrations within
brain homogenates............................................................................... 14

2. Analysis of absorbance values of different brain homogenates
reacted with dilutions of 13A5 antibody..............................................17

*

v



INTRODUCTION AND LITERATURE REVIEW

Prions are small proteinaceous infectious particles that resist 

inactivation by procedures which modify nucleic acids (1,2). A 

transmissible pathogen, prions cause numerous degenerative 

diseases of the central nervous system in both humans and animals. 

Kuru, Creutzfeldt-Jacob disease (CJD), and Gerstmann-Straussler 

Syndrome (GSS) arise in humans from prions' infectious, sporadic, 

and genetic nature, respectively (1,2). In animals, prions cause 

transmissible mink encephalopathy, bovine spongiform 

encephalopathy, chronic wasting disease of mule deer and elk, and 

scrapie of sheep and goats (1,2). Furthermore, researchers have 

concluded that all organisms with a nervous system, and possibly 

even lower eukaryotes, may have prion-related sequences in their 

genome (3). Despite the medley of prion diseases, researchers have 

studied scrapie most extensively because it was the first to be 

transmitted to laboratory rodents (1).

In 1982 the term "prion" arose to distinguish this novel class of 

pathogens from viruses (4). While many facets of scrapie infections 

resemble those infections caused by viruses, subtle, distinct 

differences separate the two (1,4). Viruses contain nucleic acid 

genomes that encode proteins necessary for producing infectious 

progeny viruses (1). Prions, on the other hand, contain little or no 

nucleic acid (1). Unlike viruses where the infecting genome 

produces the disease-causing agents, the host prion protein gene 

(Prn-p), not the infecting scrapie prion protein (PrpS°), produces 

disease-causing molecules that resemble the normal cellular
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component of the prion protein (PrPC) (1). Also, prions do not appear 

to evoke an immune response, while viruses usually do so (1). 

Despite the discrepencies between scrapie and a viral infection, 

some investigators hold that the causative agent of scrapie could be 

a conventional virus with a small genome (5).

Although the debate as to the nature of the infectious particle 

continues, researchers have characterized many aspects of the prion 

protein as it pertains to the scrapie infection. Prion protein (PrP) 

mRNA exists as the product of a cellular gene situated on 

chromosome 2 in mice and on chromosome 20 in humans (6), and is 

expressed to the same extent in scrapie-infected and uninfected 

animals (7). PrPC is a membrane protein that is thought to play a 

role in cell recognition (1) and is believed to modulate the initiation 

of scrapie infection (2,8). Within the brain, PrPC distribution is 

well-defined (9). PrPC accumulation is diffuse and homogeneous 

within the grey matter of the brain, low within the white matter, 

and appears confined to the neuropil, the region composed of the 

dendritic tree of neurons, axon terrminals, and synapses (9).

PrpSc mRNA results from the same gene that produces PrPC 

mRNA, but PrPSc has a set of characteristics that distinguish it 

from its normal cellular counterpart (1,2). For example, PrpSc, 

unlike its normal, cellular counterpart which is degraded by 

proteinase K, produces a fragment PrP27-30 (My = 27,000-30,000) 

that is inseparably linked to scrapie infectivity (10,11). Like PrPC, 
PrpSc is a membrane protein. It, however, remains largely within 

the cells it is infecting (1). In contrast to PrPC, PrpSc shows 

intense accumulation within the white matter of the brain during

2



scrapie infection(9). The differences between the two isoforms are 

thought to arise from eight post-translational modifications of PrP 

(1). Also, PrpSc may induce a species-specific interaction between

• itself and the normal host prion protein, causing PrPC to adopt an 

abnormal conformation, resulting in the growth of the infection (8).

Although the mechanism of infectivity remains a mystery, the 

time that elapses from inoculation of an animal to the animal's 

death can be directly observed(10). Studies using prototypic mouse 

strains for short incubation times (NZW) and for long incubation 

times (l/Ln) have demonstrated that close genetic linkage exists 

between the gene encoding PrP and a gene that influences the 

scrapie incubation period (Prn-i) (4). These two genes, Prn-p and 

Prn-i, define the prion gene complex (Pm) (4). Although it is known 

that Prn-i exists on the same chromosome as Prn-p, researchers are 

still trying to determine if they are separate or identical genes (10). 

Besides Prn-i, another gene, Pid1, also influences the time course of 

prion infections (10). Unlike Prn-i, Pid1 is located on chromosome 

17, away from Prn-p (10).

Comparisons of the PrP sequences of NZW (Prn-pa) and l/Ln (Prn- 

pb) mice show that distinct PrP's exist in scrapie-infected mice 

with short and long incubation times (4). The gross structure of the 

Prn gene is the same in Prn-pa and Prn-pb mice (4). However, the

• prion protein in l/Ln mice differs from that in NZW mice. Codon 108 

in l/Ln mice changes so that Leucine is converted to Phenylalanine 

and the highly conserved codon 189 changes so that threonine is 

converted to valine (10,4). Mice with short and intermediate length
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scrapie infections possess a leucine at residue 108 and a threonine 

at residue 189 (4, 12).

The genetic control of time from inoculation to death is a corner

stone in the study of scrapie (10). Manipulation of the host loci that 

control these incubation times could provide therapeutic 

possibilities; for example, if researchers could alter inoculation-to- 

death times they could cause the incubation time to exceed the 

normal life span of the organism (10). To further develop the 

understanding of the differences between the infections with long 

and short incubation times, I performed an assay that would 

determine the sensitivity of an Enzyme-Linked ImmunoSorbant 

Assay (ELISA) reaction. Researchers could use such an assay to 

produce monoclonal antibodies that recognize the subtle structural 

differences between the short and long incubation time proteins. 

Once antibodies to the different proteins arise, investigators can 

use the antibodies to localize the proteins in the brain and to 

understand the timing mechanism used in the onset of the disease.
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MATERIALS AND METHODS

Mice

The following mouse strains were used: ablated (contains no Prn 

allele), C57BL/6 (contains the Prn allele for short incubation times), 

B6.I Prpb (contains the Prn allele for long incubation times), and 

HaTg7 (a transgenic mouse that contains both the mouse Prn allele 

and a number of inserted copies of the hamster Prn allele in its 

genome). The mice were provided by the McLaughlin Research 

Institute.

Preparation of tissue homogenates

The brain was removed from each of three ablated mice, five 

HaTg7 mice, four B6.I Prpb mice, and four C57BL/6 mice, and they 

were subsequently washed in Phosphate-Buffered Saline (PBS). 

Separate brain homogenates (10% w/v) for each strain of mouse 

were prepared in 0.3 M sucrose by slowly grinding the brains in a 

Dounce homogenizer. Once the solution appeared homogeneous, it 

was centrifuged for 10 min at 1000 rpm. The supernatant was 

collected and aliquotted into cryovials. The samples were stored in 

the freezer at -70 C.

Protein quantification of brain homogenate

A standard curve was established with Bovine Serum Albumin (2 

mg/ml). A serial dilution of the albumin was prepared starting with 

50 pg of protein. Four double dilutions using 1xPBS were carried out 

until 3.125 pg of protein resulted. Then 125 pi of Bio-Rad Reagent
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A (alkaline copper tartarate solution) and 1 ml of Bio-Rad Reagent B 

(dilute Folin Reagent) were added to each dilution. After 15 min, the 

absorbances were read at 750 nm. Along with the albumin 

standards, the brain homogenates were analyzed with the 

spectrophotometer. An initial 1:10 dilution was prepared with 5 pi 

of brain homogenate and 45 pi of 1xPBS. From the 1:10 dilution, 

25 pi was removed and added to 25 pi of 1xPBS to create a 1:20 

dilution. The process of double diluting was performed until a 1:80 

dilution resulted. To each of the dilutions, 1:10, 1:20, 1:40, and1:80, 

125 pi of Bio-Rad Reagent A and 1 ml of Bio-Rad Reagent B were 

added. After 15 min, the absorbances were read at 750 nm.

Acrylamide gel preparation

SDS-polyacrylamide gels were prepared for use in a 

electrophoresis apparatus (Hoeffer). Two distinct layers composed 

the gel. The first layer was the separating gel (12% acrylamide). To 

construct the separating gel (1.5 mm or 0.75 mm), 15.0 ml of 30% 

acrylamide/0.8% bisacrylamide, 9.87 ml of 4xTris-CI/SDS (pH 8.8), 

and 12.12 ml of picopure water were mixed together in a beaker. To 

start polymerization, 0.125 ml of 10% ammonium persulfate and 

0.025 ml TEMED were added to the beaker. This mixture was poured 

into the gel mold, and it was topped with a 1% SDS (Sodium Dodecyl 

Sulfate) solution to ensure a level top interface. After 

polymerization the 1% SDS solution was poured off and the top of 

the gel was washed three times with 1% SDS to remove any 

unpolymerized acrylamide. Next, the second layer, the stacking gel 

(9% acrylamide), was made. In the same procedure as above, 5.2 ml
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of 30% acrylamide/0.8% bisacrylamide, 3.625 ml of 4xTris-CI/SDS 

(pH 6.8), 7.625 ml of picopure water, 0.0625 ml of 10% ammonium 

persulfate, and 0.0125 ml of TEMED were mixed together and poured 

on top of the separating gel. A comb was inserted into the 

unpolymerized stacking gel, and then the gel was left to polymerize.

Gel electrophoresis

For a qualitative determination of protein presence within the 

brain homogenate one 15 well, 1.5 mm SDS-polyacrylamide gel was 

run. Samples totalling 8 pi (4 pi of homogenate from HaTg7 mice 

and 4 pi of tracking dye) were aliquotted to nine wells within the 

gel, while five wells contained 8 pi of the dye and one well 

contained 8 pi of a prestained protein standard. Before the samples 

were loaded, each was heated to 100°C for 5 min to denature the 

protein. Electrophoresis was carried out with a current of 30 ma in 

1xSDS electrophoresis buffer until the blue tracking dye reached the 

bottom of the gel (about 4 h). The proteins were then fixed in the 

gel with a fixing solution (a methanol, acetic acid, water solution) 

for 1 h and stained overnight at room temperature with a Coomassie 

brilliant blue solution. The gel was diffusion-destained by repeated 

washing in 7% acetic acid. The gel was then stored in a Seal-A-Meal 

bag with 7% acetic acid.

Two further electrophoreses were carried out for electroblotting 

purposes. The first gel was run with ten lanes. Nine of the ten lanes 

contained brain homogenate samples, while the tenth lane contained 

the prestained protein standard. The samples, each of 40 pi, 

containing 25 pg of brain homogenate from HaTg7 mice (about 2 pi
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of the homogenate), 18 pi of 0.3 M sucrose/SDS, and 20 pi of protein 

dye were heat-treated at 100°C for 5 min and were electrophoresed 

through a 0.75 mm gel with a current of 35 ma for 3.5 h in 1xSDS 

electrophoresis buffer.

The second gel was run simultaneously with the first gel. Each 

of the second gels 15 wells contained 40 pi, but each had a different 

amount of protein. Two wells were allocated 10 pg, two wells 5 pg, 

two wells 2.5 pg, two wells 1.25 pg, two wells 0.625 pg, two wells 

0.3125 pg, and two wells 0.156 pg of protein. The fifteenth well 

contained the tracking dye. As before, all samples were heat treated 

at 100°C for 5 min. The same running conditions were used as with 

the first gel. After the gels were electroblotted (described below), 

they were fixed, stained, and stored as mentioned above.

Electroblotting

Following electrophoresis, the proteins within the gel were 

tranferred to a piece of strengthened nitrocellulose membrane 

(Immobilon transfer paper) by semi-dry electroblotting. Four pieces 

of paper and the nitrocellulose membrane were cut to the gel's 

dimensions. One piece of blotter paper, soaked in anode buffer 1 (0.3 

M Tris, pH 10.4), was added to an electroblotting apparatus 

(Millipore). The first piece of blotter paper was followed by a 

second wetted in anode buffer 2 (25 mM Tris, pH 10.4). The 

membrane, wetted with methanol and rinsed with water, was placed 

atop the two pieces of paper. Next, the gel was laid on the 

membrane. Finally, two pieces of blotter paper, each soaked in 

cathode buffer (25 mM Tris, 192 mM glycine, pH 9.5), were placed
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over the membrane. The proteins were electroblotted at a current of 

375 ma for 1 h. After 1 h, the membrane was removed from the 

apparatus, rinsed in TBST (Tris/SDS/Triton X-100), and was blocked 

with Blotto/Tween (5% milk protein, 0.1% Tween, 0.01% Sodium 

Azide in PBS) overnight.

Preparation of antibody solutions

Primary antibody dilutions were made from the mouse 13A5 

antibody, which binds to hamster prion protein, not mouse prion 

protein. Dilutions of 1:103, 1:5X103, 1:104, 1:5X104, 1:105, 

1:5X105, 1:106, and 1:5X106 were prepared using 13A5 in 0.5% milk 

protein in TBST..

A secondary antibody solution (1:5X103) was made from goat 

anti-mouse immunoglobulin G coupled to alkaline phosphatase 

(0.2 mg/1.0 ml) in 0.5% milk in TBST.

Detection of proteins on nitrocellulose

The membrane with the proteins from the 10-lane gel previously 

mentioned was cut into ten strips each corresponding to one lane of 

sample. Each strip received a different dilution of the primary 

antibody (13A5) already mentioned, while the strip containing the 

prestained protein standard received a 1:103 dilution. All the strips 

were rocked in their antibody solution overnight. The membrane 

created from the 15-lane gel previously mentioned was soaked in a 

1:106 dilution of 13A5 overnight with continuous rocking. All the 

membrane strips and the complete membrane were washed four 

consecutive times with TBST. Secondary antibody solution was
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added to all membranes for 2 h. After 2 h, the membranes were 

washed four times in TBST. The color development reaction was run 

by adding the membranes to AP buffer (Alkaline Phosphatase buffer)

* containing 660 jllI of Nitroblue tetrazolium (NBT) and 330 pi of 5-

Bromo-4-Chloro-3-lndolyl Phosphate (BCIP). Upon soaking for 17 

min, the strips were placed in 1xPBS to halt the reaction. The 

membranes were stored in Saran Wrap indefinitely.

Microplate analysis

Brain homogenate protein (5 pg in 50 pi amounts with 1xPBS) 

was bound to the wells of a 96 well microtitre plate (Immulon). 

Two lanes of wells were filled with ablated, C57BL/6, and HaTg7 

homogenates, while one lane was filled with 1xPBS and one lane 

with TBST. Nothing was added to four of the lanes. After allowing 

the protein to bind overnight at room temperature, the solutions 

were removed from the wells and 200 pi of Blotto/Tween blocking 

buffer was added to every well. The blocking buffer was 

subsequently removed after overnight incubation at 4°C. The eight 

primary antibody dilutions described previously were each added to 

the wells of one of the eight rows in 100 pi amounts and were 

incubated at 4°C overnight. The wells were washed four consecutive

times with 200 pi of TBST. After the final wash, 100 pi amounts of
A

secondary antibody were added to each well and were incubated at 

4°C overnight. After washing the wells four times with 200 pi of 

TBST, the wells were washed two times with 100 pi of 10 mM 

diethanolamine and 0.5 mM MgCl2 solution in water. To 20 mis of 

the diethanolamine/MgCl2 solution was added 20 pg of p-

10



nitrophenylphosphate (PNPP). This color development solution was 

aliquotted in 50 pi amounts to each well. After 30 min, 50 pi of 0.1 

M EDTA was added to the wells containing the color development 

solution to halt the color development. The absorbances of each 

well were then read automatically by a microplate reader (Bio-Tek).
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RESULTS

The results from the protein assay are indicated in Table 1. Each 

of the samples of homogenate contained protein at concentrations 

that ranged from 12.4 ^9/pl for the C57BI/6J mice and the B6.I Prpb 

mice to 16.2 H9/pl for the ablated mice. This concentration of 

protein within the homogenates was deemed sufficient to proceed 

with the experiment.

Analysis of the immunoblots showed a trend that increasing the 

amount of primary antibody available for the reaction with the brain 

homogenates increases the intensity of the reaction (Figure 1) when 

hamster prion protein is present. For example, a much higher 

intensity band exists on the strip reacted with an antibody dilution 

of 1:1 C>6 compared to the strip reacted with an antibody dilution of 

1:5X106, whose band is extremely faint. Another trend evident from 

my immunoblots came from varying the amount of PrP, while holding 

the concentration of antibody constant (Figure 2). As the amount of 

protein was increased, the intensity of the reaction was also 

increased. For instance, the band associated with 10pg of protein is 

considerably longer and darker than the band of 5pg.

The results of the microplate analyses (Table 2) conform to the 

first trend described above. As a higher concentration of antibody 

was used with the HaTg7 PrP, a higher absorbance resulted. At an 

antibody concentration of 103, the absorbance peaked at 0.111 and 

then gradually tapered off with decreasing concentrations of 

primary antibody till it resembled the absorbance of the ablated 

mice and the C57BI/6J mice. Because the ablated mice and the
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C57BI/6J mice contain no hamster PrP their absorbances were 

relatively consistent, ranging from 0.071 to 0.083. The absorbances 

of the non-protein containing wells, the wells with 1x PBS and those 

with TBST, also remained relatively constant, ranging from 0.056 to 

0.066.
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TABLE 1. Bio-Rad analysis of protein concentation of brain 
homogenates.

Type of 
homogenate

OD 750a M9/pla

C57BI/6J 0.452+0.077 1.24+0.21
B6.I Prpb 0.456±0.065 1.24+0.26
Ablated 0.545+0.162 1.62+0.15
HaTg7 0.459±0.085 1.28+0.16

a Each value gives the mean of four ten-fold dilutions + the 
standard deviation.
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Fig. 2. Nitrocellulose membrane showing binding of 
primary antibody (1:106) to differing amounts of protein. 
The amount of protein electrophoresed is indicated above 
the corresponding lane. The standard was a prestained 
protein marker containing no hamster PrP.
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DISCUSSION AND CONCLUSIONS

The results of my microplate assay show that an antibody titre 

of 1:10$ can bring about a notable difference in absorbance values 

between its antigenic homogenate (HaTg7 - hamster prion protein) 

and its non-antigenic homogenates (C57BL/6, B6.I Prpb, and ablated). 

The mouse 13A5 antibody recognizes a determinant on the hamster 

PrP, but not on mouse PrP. Therefore, the 13A5 antibody binds to 

the HaTg7 protein, while the antibodies get washed away in the 

presence of non-antigenic homogenates. Secondary antibodies (goat 

anti-mouse immunoglobulin G) then bind to any 13A5 they contact 

and a color change occurs as a substrate (p-nitrophenylphosphate) 

interects with the enzyme (alkaline phosphatase) that is conjugated 

to the secondary antibody. Ablated, C57BL/6, and B6.I Prpb were 

used as a basis for comparing absorbances. Little or no reaction 

should develop from these non-antigenic homogenates because no 

primary antibody should bind to their protein. The presence of the 

protein from the non-antigenic mice, however, will have an impact 

on the absorbances and must be taken into account when comparing 

absorbances of the different homogenates.

At a titre of 1:10^, a distinct and consistent difference exists 

between the absorbances of HaTg7 homogenate and the absorbances 

of the non-antigenic homogenates. The difference tapers off at 

1:5*105, but then manifests itself again at a titre of 1:10®. 

Although a discrepancy exists within the data, the microplate 

experiments cannot suggest which piece of data, 1:5X105 or 1:106,
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is in error. Based on the results of the immunoblots, however, which 

show considerable antibody binding at a titre of 1:106, it seems 

possible that some error occurred in the 1:5X105 wells of the

• microplate. Thus, the combined results of my immunoblots and

microplate assays are suggestive that a titre of 1:106 could be used 

as a point of reference for further research.

Once a reference point is established (from my work it is 1:10^), 

researchers can inject protein homogenates from either short or 

long incubation time mice along with an adjuvant into ablated mice 

in hopes that the injected mice will produce antibodies to the 

foreign proteins. Investigators can check for antibody production by 

bleeding the mice and subsequently analyzing the blood for any 

circulating antibodies that would bind to PrP. With the established 

reference point, researchers will be able to distinguish between 

blood that contains antibodies at a dilution of 1:106 to blood that 

contains antibodies at a higher dilution. If antibody production is 

notable, researchers can administer subsequent injections of the 

protein, called boosts, to try to elevate antibody production. They 

can then remove the spleens, the site of memory cells for antibody 

production, from the mice and produce a single-cell suspension from 

the organ. One of the splenic cells can then be induced to fuse with

a myeloma. These hybridomas will then theoretically produce
I

massive amounts of monoclonal antibodies specific for either the 

short or the long term incubation time protein.

If such a procedure is done with protein homogenates from short 

and long incubation time mice then antibodies that can distinguish 

between the two proteins may result. Once antibodies are produced
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that can distinguish between short and long term mice, researchers 

can localize each protein's area of infection within the brains of 

mice that exhibit both types of the protein. Further understanding of 

the incubation times could lead to therapeutic techniques for 

scrapie and possibly other neurodegenerative diseases. 

Investigators could lengthen the incubation time to such a point that 

the animal's life span is shorter than the incubation period.
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