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Abstract

Glycosylation of the prion protein may be experimentally altered through 

expression in different insect cell lines. The presence or absence of several terminal 

sugars may or may not have an effect on the conversion efficiency of the prion protein 

into its infectious form. The main focus of this research was to characterize the prion 

protein as it is produced in two varying insect cell lines that are able to glycosylate 

proteins to different extents. Glycosidase treatment demonstrated that the expressed prion 

protein was glycosylated. Lectin blotting was used to assess the presence or absence of 

terminal sugar moieties existing on the prion protein. The differentially glycosylated 

prion proteins produced will allow insight into the effect of terminal glycosylation on 

prion protein conversion. This research may provide valuable insight into the still 

unknown prion interconversion process and disease transmission dynamics, and may 

have implications for human based prion disease.



Introduction

Prions are infectious proteins that cause transmissible spongiform 

encephalopathies (TSEs) such as scrapie in sheep, bovine spongiform encephalopathy 

(BSE) in cattle, and chronic wasting disease in deer and elk, as well as five characterized 

diseases in humans (Yam, 2003). The main component to all prion related diseases is the 

post-translational conversion of cellular protease sensitive prion protein (PrP ) into the 

protease resistant, disease causing form PrPsc (Bolton et al. 1982). All invariably fatal 

transmissible spongiform encephalopathies including chronic wasting disease are 

facilitated by PrPsc (Manson et al. 1994).

This paper’s research deals with the length of N-linked glycosylation of the prion 

protein. The prion protein in all forms contains two sites for N-linked glycosylation, 

leading to di, mono, or non-glycosylated forms (Stimson et al. 1999). Tuzi et al (2008) 

studied the effect of deleting one or both glycosylation sites on in vivo TSE conversion 

using scrapie and BSE-derived strains and concluded that the altered strains of scrapie 

and BSE had varied requirements of host PrP glycoforms to complete successful 

conversion. Neuendorf et al (2004) also studied the in vivo and in vitro effects of BSE 

and scrapie derived strains of PrPsc on PrPc with completely removed sugars and 

observed that specific mutated glycoforms of the prion protein underwent inefficient 

conversion to the protease resistant form. A lack of knowledge exists on whether or not 

altered N-glycosylation length as opposed to deletion has an effect on prion conversion. 

There is also a need for information about any effects glycosylation changes have on the 

interconversion of the chronic wasting disease prion.
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The objective of this research is to use virally infected insect cells to produce 

mule deer prion proteins that are fully glycosylated or only partially glycosylated. Such 

proteins can be used in in vitro conversion assays to better understand the effect of 

glycosylation length on prion interconversion. In an attempt to do this, four scientific 

objectives were addressed. Prion proteins were produced in High Five cells which fail to 

perform full terminal glycosylation on attached oligosaccharides. Mimic cells were used 

to produce prions with oligosaccharides glycosylated to the full extent. The question of 

whether comparable expression of the prion protein occurs in the two different insect cell 

lines was the first objective. This objective also tested the ability of these unique cell 

lines to successfully express the prion protein. A second objective was to test the 

production of glycoforms similar to wild type prion forms existing in mule deer. This 

objective was realized through PNGase F digestion of the prion protein. A third objective 

was to test whether the cell lines responsible for glycosylating the proteins are, in 

actuality, glycosylating as predicted. This objective will be satisfied through 

immunoprecipitation of the prion protein followed by lectin blot analysis of the prion 

glycoprotein. The fourth objective is to ultimately examine the effects of glycosylation 

length on interconversion of PrPc to PrPst as examined through PMCA conversion

assays.
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Materials and Methods

Cell Lines

Invitrogen High Five and Mimic insect cell lines were maintained and passaged 

every four days. Mimic cells provided by Invitrogen were used to produce prions with 

glycosylation similar to that found in mammals. Specifically Mimic cells are 

transgenically modified to stably express a subset of mammalian glycosyltransferases. 

This enables the Mimic cells to produce proteins with terminally sialylated N-glycans 

like those found in mammals. The Invitrogen Mimic Cells are identical to those 

developed by Donald L. Jarvis (Jarvis et al 1998). High Five cells fail to fully glycosylate 

proteins to the extent of Mimic cells. A diagram of the differences in glycosylation extent

is included as Appendix I.

The High Five lines were grown in Express 5 Invitrogen medium supplemented 

with glutamine, penstrep, and amphotericin B /fungizone. The Mimic cells were kept in 

Invitrogen Graces Insect Medium supplemented with heat inactivated fetal bovine serum, 

penstrep, and amphotericin B. Cell lines were monitored and passed as necessary to keep 

cell conditions optimal. This routinely meant sterile cell passage every four days. Cell 

lines were kept for the entirety of the project.

Viral Infection

Recombinant baculovirus encoding the mule deer prion protein at a concentration 

of 9.7 * 108 plaque forming units per mL was used for infection of both Mimic and High 

Five cell lines. Twenty pL virus per 1 .OmL respective medium was used for initial 

infection onto confluent cells. Confluency was defined as a monolayer of cells existing in
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a 25cm2 area tissue culture flask. The cells were initially incubated for one hour. After 

adding 2.0mL additional medium, the cells were incubated for 42 hours at 27°C.

Harvesting and Washing Cells

After 42 hours of incubation with virus at 27°C, the cells were dislodged via 

pipetting. This dislodged cell volume was centrifuged in a 15mL centrifuge tube at 2590 

g for 5 minutes. The supernatant was discarded and the cells were washed twice with 

2.0mL of phosphate buffered saline (PBS) followed by centrifugation and discarding of 

the supernatant. Finally the washed pellet was resuspended in 2mL PBS. The cell 

suspension in PBS was stored in 200 pL aliquots at -20°C until needed.

Immunoblotting Method

Preparation of proteins for analysis included addition of Invitrogen sample 

reducing agent and sample buffer to the frozen cell aliquots and boiling for 10 minutes. 

The samples containing reduced prion protein were loaded on Invitrogen NuPage 12% 

Bis-Tris gels. The samples loaded contained both Invitrogen sample reducing agent and 

sample buffer. Proteins were electrophoresed at 200V for 1 hour. The buffer for 

electrophoresis was Invitrogen NuPage MOPS SDS Running Buffer. NuPage antioxidant 

was added to the upper buffer chamber as suggested by the manufacturer. Post 

electrophoresis, the proteins were transferred to PVDF membrane. The transfer utilized 

Invitrogen NuPage transfer buffer and an Invitrogen blotting apparatus. Transfer of the 

proteins from the gel to the membrane was done at 30V for 1 hour. After transfer, non

specific binding of the primary antibody was prevented by incubating the membranes in 

blocking buffer, 5% w/v nonfat dry milk in Tris-buffered saline Tween-20 (TBST), for
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one hour. Twenty pL anti-prion monoclonal antibody SAF-32 (Caymen Chemical) in 

4mL dilution buffer (1% w/v nonfat dry milk in TBST) was used per membrane. The 

SAF-32 used contained 200pg IgG with 200pg BSA, which was diluted completely into 

ImL deionized water (DI). Incubation of the anti-prion SAF-32 antibody on the 

membranes occurred overnight (16 hours at 4°C). Before addition of the secondary 

antibody, the membranes were washed three times for ten minutes each with TBST.

Promega anti-mouse IgG antibody conjugated to alkaline phosphatase was used as the 

secondary antibody. The membranes were incubated at room temperature for one hour in

2pL secondary antibody per membrane in 15mL blocking buffer. Washing three times for

ten minutes each in TBST and two times for two minutes in 25mL Tropix CDP-Star 

Assay buffer readied the membranes for Tropix CDP-Star chemiluminescent substrate.

Chemiluminescent imaging using 4, 15 minute dark exposures, was used to show prion

protein in its three glycoforms.

Peptide N-Glycosidase F (PNGase F) Treatment

To examine if the prion proteins were indeed glycosylated, samples were digested 

with PNGase F. PNGase F cuts N-linked glycoproteins between the innermost N-

Acetylglucosamine of the oligosaccharide and the asparagine residue of the protein

(Maley et al. 1989). Confluent cell lines were infected with prion expressing virus as 

described above. Mimic and High Five cells 42 hours post infection were washed in PBS

and suspended in 15mL PESB solution (20mM potassium phosphate buffer solution 

(lOmM K2HPO4 /10mM KH2PO4 pH 7.6), 50mM EDTA, 5% (w/v) SDS, 5% (v/v)

BME). Three hundred pL of each parallel solution was boiled and 10 pL of those cell

solutions were aliquoted for PNGase F assay. Forty pL of 1.25% Triton X-100 was
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added to each tube. One pL of PNGase was added to each experimental tube. Control 

tubes received 1 pL water in place of enzyme. All tubes were incubated at 37°C 

overnight. Invitrogen sample reducing agent and sample buffer were added to all tubes 

and the tubes were boiled for 10 minutes. Samples were touch spun briefly and then 

analyzed through immunoblotting. This procedure was adapted from work done by 

Walmsley et al (2003).

Immunoprecipitation, Immunoblotting, and Lectin Blotting

Mimic and High Five cells were infected with either the prion encoding virus or 

non-prion producing CAT virus. These cells were harvested as described above and 

stored in 200 pL aliquots in 1.5mL micro centrifuge tubes at -20°C. Cells were thawed 

and centrifuged at 587 g for five minutes. The supernatant was discarded and 0.5 mL 

non-denaturing lysis buffer (1.0%w/v Triton X-100, 50mM Tris-Cl, 300mM NaCl, 

5.0mM EDTA, 0.02% w/v sodium azide, lOmM iodoacetamide, l.OmM PMSF, 2.0 

pg/mL benzamidine,pH 7.4 ) was added. The base lysis solution was made beforehand 

and stored at 4°C, but the iodoacetamide, PMSF, and benzamidine were added 

immediately before use. Cells were resuspended via gentle pipetting. The cells were 

incubated on ice for 30 minutes. Cell debris was pelleted by centrifugation for 15 

minutes at 16,000g at 4°C.

Next the antibody bound beads were prepared. Until the antibody bound beads 

were ready, the lysate and pellet of the initial cell preparation described previously were 

kept on ice. To prepare the antibody bound beads, five pL anti-prion monoclonal 

antibody SAF-32, 30 pL 50% Protein A sepharose slurry' in PBS containing 0.1% bovine
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serum albumin and 0.5mL ice-cold PBS were combined in a microcentrifuge tube. The

attachment of antibody to sepharose is facilitated through Protein A’s recognition of the

constant region of IgG existing in SAF-32 (Lindmark et al. 1983).

To prepare the Sepharose A slurry, approximately 0.025 g sepharose A beads 

were initially expanded using lOOpL PBS containing 0.1% w/v BSA. The bead volume

was allowed to settle and the total volume was brought to twice the bead volume using 

the PBS containing BSA solution. Before addition of 30pL of the bead slurry to the

antibody, it was agitated to resuspend the beads. The total preparation of beads, 

antibody, and PBS was tumble incubated at 4°C for 1 hour. Next the preparation was 

centrifuged at 16,000g at 4°C for two seconds. Supernatant was discarded and 0.5mL of 

non-denaturing lysis buffer was used to resuspend and wash the beads. The beads were

washed twice more.

To begin immunoprecipitation, the entire supernatant from the cell lysate 

procedure was added to the entire prepared antibody bound bead pellet. Thus, cell lysate 

was added to antibody bound beads. In addition, 10 pL of 10% BSA was added to the 

beads and lysate mixture. The mixture was tumble incubated at 4°C for 1 hour. The 

mixture was centrifuged at 16,000g for 5 seconds to pellet the beads now affixed to the 

prion protein. Supernatant was removed and saved for analysis as it contained any prion

not bound to the beads. The beads were washed with 0.5mL of ice cold wash buffer

(0.1% w/v Triton X-100, 50mM Tris-Cl, 300mM NaCl, 0.02% w/v sodium azide, pH 7.4) 

and the beads were resuspended via pipetting. The mixture was centrifuged again at 

16,000 g at 4°C and the supernatant was discarded. This washing process was repeated 

twice more. A final wash using 0.5mL ice cold PBS was done with centrifugation at
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16,000 g and 4°C and the supernatant was discarded. To dislodge the prion protein from 

the beads for characterization via immuno and lectin blotting, the prion bound beads were 

added to 100 pL of sample buffer (lOx Invitrogen reducing agent, 4x Invitrogen sample 

buffer, and DI) and boiled for ten minutes. The resulting mixture was centrifuged at 

16,000g before using the supernatant for lectin and immunoblot analysis.
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Results

The first objective was to establish comparable expression of prion proteins from 

the two cell lines. This would allow further experiments to be comparative between 

Mimic and High Five expressed prion. Expression levels of prion coming from the two 

cell lines were determined (Fig. 1 and 2). Figure 1 shows the level of expression across 

four different dilutions coming from High Five and Mimic cells. Figure 2 shows relative 

prion levels from both Mimic and High Five cells at one single concentration.

To confirm that the prion protein produced has the same number of glycoforms as 

seen in mule deer, PNGase F digestion of prion protein was used to satisfy the second 

objective. In order to examine whether higher molecular weight forms of the prion 

protein were due to glycosylation, samples were digested with PNGase F. PNGase F 

cleaves the glycosidic linkage and should resolve multiple bands into one single 

unglycosylated form. Resolution of glycosylated prion glycoforms into unglycosylated 

forms through treatment with PNGase F was demonstrated (Figs. 3, 4, and 5). Figures 4 

and 5 show verification of successful digestion (Fig. 3) through use of newly purchased

PNGase F.

The third objective was to characterize the prion protein through lectin blotting to 

assure that the Mimic cells were actually glycosylating the prion to a further extent than 

the High Five cells. To lectin blot, the prion must be isolated from the cell membrane 

components through immunoprecipitation (Fig. 6). This allows isolation of the prion 

protein from other cell membrane glycoproteins which could bind to lectin. Following 

immunoprecipitation, blots were probed with anti-prion antibody to confirm successful 

immunoprecipitation, or were incubated with lectin from Sambucus nigra (SNA) which
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recognizes terminal sialic acid residues which should only be present in Mimic cell 

produced prion protein. Optimizati on of lectin binding to the sialic acid existing on 

Mimic expressed prion is still being examined (Fig. 7).
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Figure 1. Comparison of expression levels of prion protein in High Five and Mimic cell 
lines.

Lane 1 5pL molecular weight marker
Lane 2-5 1, 0.5, 0.1, 0.05 relative concentration High Five cells
Lane 6-9 1, 0.5, 0.1, 0.05 relative concentration Mimic cells
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High 5 Cells Mimic Cells

Figure 2. A direct comparison of High 5 to Mimic expression levels from lanes loaded 
with same prion protein amount.
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Di-6lycosylated
Mono-Glycosylated
UnGlycosylated

PNGase F

Figure 3. Confirmation of di-glycosylated prion protein expressed in both Mimic and 
High 5 cells resolved into unglycosylated forms through treatment with PNGase F.

Lanes 1 and 2 Mimic produce prion
Lanes 3 and 4 High Five produced prion
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PNGase F

High Five Cells

Figure 4. Dilution analysis of di-glycosylated prion protein expressed in both Mimic and 
High 5 cells being resolved into unglycosylated forms through treatment with PNGase F

Lanes 1 and 3 10 pL cells 
Lanes 2 and 4 5 pL cells

15



High 5 Cells Mimic Cells

(-) (+)

Figure 5. Same dilution comparison figure showing the marked resolution of di and mono 
glycosylated forms of the prion protein into one unglycosylated band.
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Precipitates

a)

Supernatants

1 2 3 4 5 6 7

■

Figure 6. Immunoblot analysis of the prion and CAT negative control proteins from 
Mimic and High Five cell lines with and without SAF-32 prion binding antibody.

Panel a)
Lane 1 5pL molecular weight marker
Lane 2-4 20 pL CAT, Mimic, High Five Immunoprecipitate without SAF-32
Lane 5-7 20 pL CAT, Mimic, High Five Immunoprecipitate with SAF-32
Panel b)
Lane 1 5pL molecular weight marker
Lane 2-4 20 pL CAT,Mimic,High Five Immunopreciptation supernatant without SAF-32 
Lane 5-7 20 pL CAT,Mimic,High Five Immunopreciptation supernatant with SAF-32

17



Immunoblot Lectin

Figure 7. Current result of developing lectin blotting protocols. 

Immunoblot
Lanes 1-3 CAT, Mimic, High Five with 20,20,22.5 pL 
Lectin blot
Lanes 1-3 CAT, Mimic, High Five with 40,40,45.5 pL

18



Discussion

Prior to these experiments, expression levels of prion protein from these parallel 

cell lines was unknown and needed to be determined. As the chronic wasting prion 

isoform has previously not been expressed through the insect cell lines of interest, 

confirmation of expression was first determined and the first objective was realized. In 

addition to expression confirmation, relative capability to express the prion protein was 

shown between the High Five and Mimic cell lines (Fig. 1 and 2). Knowing the cell lines 

make comparable amounts of prion protein allows later experiments to legitimately 

assess differences in the prion proteins made in these two different cells lines. This 

comparison ensured that further experiments could be done in parallel and accurate 

comparisons could be made between prion produced from the High Five and Mimic cell 

lines. Initial results showed that expression levels of prions made in Mimic and High Five 

cells were comparable (Fig. 1 and 2).

Glycoform patterns exhibited in wild mule deer have been studied (Race et al. 

2002). The pattern of three configurations of glycoform prion has been established 

corresponding to di, mono, and unglycosylated proteins (Race et al. 2002). The insect 

cell-derived prion proteins also show three distinct immuno-reactive products suggesting 

glycosylation similar to that in deer.

Demonstration of the presence of oligosaccharides on the prion protein was 

needed to provide a foundation for further research. Confirmation of these glycoforms is 

essential prior to completion of objectives three and four. PNGase F has been developed 

as the most effective way of removing all N-linked oligosaccharides from a glycoprotein, 

such as the prion protein (Tarentino and Plummer 1994). PNGase F treatment of Mimic
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and High Five expressed prion resolved three total bands into one unglycosylated band 

(Figs. 3, 4, and 5). The resolution of the di-glycosylated forms seem more complete in 

these figures, most likely due to the fact that di-glycosylated forms become mono- 

glycosylates when cut once. Therefore, any residual mono-glycosylated forms may be 

due to incomplete digestion of di-glycosylated forms. While the presence of N-linked 

sugars on prions made by mice has been characterized previously by Stimson et al 

(1999), confirmation of their presence in insect cell-derived prions provides a basis for 

using this system for experiments in prion conversion. These data suggest that the two 

insect cell types examined here have the ability to express prion in a similar fashion to 

how they are expressed normally in mule deer.

To assess the presence of terminal sugar moieties existing on the prion forms 

produced from Mimic cells and not High Five cells, lectin blotting procedures were used. 

This would realize objective three of this research. Lectin from Sambucus nigra (SNA) 

was chosen due to its ability to selectively bind terminal sialic acid residues. If Mimic 

cells perform terminal glycosylation but High Five cells do not, the lectin should only 

react with Mimic expressed prion.

However, lectins will bind to many glycoproteins existing in the cell membrane of 

these insect cells. Thus, isolation of the prion protein from the cell membrane was 

needed. An immunoprecipitation was done to isolate the prion from the rest of the cell 

contents which would interfere with lectin binding (Fig. 6). With the use of SAF-32 

prion specific antibody bound to Protein A sepharose beads, the prion was precipitated 

and separated from the rest of the cell contents. C AT virus infected High Five cells 

served as a negative control. When SAF-32 was included in the immunoprecipitation,
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immunoblot analysis showed prion present in the precipitate of Mimic and High Five 

immunoprecipitations (Fig. 6 Panel a. Lanes 6-7). SAF-32 absence from the 

immunoprecipitation resulted in an expected immunoblot which did not detect prion in 

the immunoprecipitate, except for lane 3 which suggests that small amounts of prion may 

have precipitated in the absence of SAF-32 (Fig. 6 Panel a. Lanes 3 and 4).

The immunoprecipitation supernatants showed much more unbound prion in the 

absence of SAF-32 (Fig. 6 Panel b. Lanes 3 and 4). Lanes 6 and 7 of panel b show that 

not all of the prion was precipitated by the antibody. Other bands are present in Figure 6 

as well. Heavy chain and light chain of SAF-32 can be seen in the immunoblot of the 

precipitates and their positions are annotated on Figure 6. These are recognized by the 

anti-mouse IgG secondary antibody in the immunoblot. Also of note are lower molecular 

weight bands which are likely degraded prion protein, which occur despite having 

protease inhibitors included in the cell lysis (Lane 6.) Nonspecific antibody binding to 

the excess supernatant BSA used in the immunoprecipitation can be seen well above the 

prion glycoforms in panel b. Nonetheless, this approach should allow analysis of 

selective lectin blotting to the prions made in Mimic cells.

Following immunoprecipitation, immunoblot and lectin blot analysis were 

performed on the isolated prion protein. Fig. 7 clearly demonstrates immunoprecipitated 

prion protein via immunoblotting. The lectin SNA reacts with the heavy chain of SAF- 

32, but little binding is seen to terminal sugars on Mimic expressed prion protein at this 

point (Fig. 7). Continued adjustment of lectin blot parameters and immunoprecipitation 

conditions is needed to complete the lectin blot and satisfy objective three. Variables such 

as incubation temperature and amount of lectin used have been examined in accordance
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with Donald Jarvis’s research (Jarvis et al 1995). The next lectin blot will utilize more 

complete immunoprecipitation done with additional SAF-32 antibody. Completion of 

this third objective will allow objective four to be pursued in the future.
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Appendix I
From: Invitrogen Instruction Manual Growth and Maintenance of 
Mimic Insect Cells. Catalog no. 12552-014

Overview of Mimic™ Insect Cells, continued

N-Glycosylation
Pathway

Mimic1* cells are not compatible with Invitrogen's Bac-N-Blue” Baculovirus 
Expression System. Bac-N-Blue™ viruses constitutively express active 
fbgalactostdase, which will remove galactose from the N-glycan side chains of 
recombinant proteins expressed by Mimic” cells.

The figure below' provides a model of insect cell and Mimic” cell
N-glycosylation pathways. Mimic” cells have been modified to greatly enhance 
the production of complex, sialylated N linked glycans, as shown in the lower 
right branch of the pathway.
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