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Abstract  

 The rate at which a disease causing prion protein (PrPSc) converts a normal prion 

protein (PrPC) to the infectious form may depend on the presence of terminal sugar 

moieties on the oligosaccharides of the infectious or normal protein.  The first goal of this 

project was to use two different insect cell lines in order to evaluate and compare the 

ability of these cells to produce PrPC.  The second goal was to evaluate the stability of 

prion protein from these cells one year after expression when stored at -20°C.  The next 

objective was to assess if the proteins are GPI anchored and exploit this feature to extract 

them from cell membranes.  The fourth goal was to use lectin affinity interactions to 

evaluate the differences in glycosylation status between the prion proteins produced from 

these two cell lines.  Ultimately, protein misfolding conversion assays (PMCA) will be 

used to evaluate any differences in conversion rates between the fully glycosylated and 

partially glycosylated prions.  The results of these experiments may provide insight into 

the mechanism for conversion of normal prions into disease causing ones by elucidating 

the role of oligosaccharides in the conversion process.   
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Introduction 

 Prions are infectious proteins responsible for transmissible spongiform 

encephalopathies (TSEs; Saborio et al. 2001).  These include the animal diseases bovine 

spongiform encephalopathy (BSE), chronic wasting disease (CWD), and scrapie as well 

as human diseases including kuru, Creutzfeldt-Jakob disease (CJD), and fatal familial 

insomnia (FFI).  All TSEs result from the misfolding of host-encoded prion protein 

(PrPC) into a disease causing isoform (PrPSc; Piro et al. 2009).  The infectious nature of 

PrPSc stems from its ability to induce a conversion of normal cellular PrPC into abnormal 

PrPSc through direct protein-protein contact (Saborio et al. 2001).  The normal cellular 

prion acts as a template to which the PrpSc can bind and elicit a refolding event, 

converting the PrPC into the abnormal isoform (Cobb and Surewicz 2009).   

 The mechanism of PrPC misfolding is not completely understood.  Any roles 

played by carbohydrate moieties of the protein are uncertain as well.  Prions have two N-

linked glycosylation sites that vary in their glycosylation status (Piro et al. 2009).  This 

allows the prion to exist as either a di-glycosylated, mono-glycosylated, or un-

glycosylated form (Piro et al. 2009).  This work concerns the effect of altered 

glycosylation length on the ability to misfold PrPC.  Piro et al (2009) studied the 

neuropathological effects of mice inoculated with glycosylated prions and mice 

inoculated with un-glycosylated prions and found no observable differences: both groups 

experienced in vivo prion shape conversion.  Interestingly, Taraboulos et al (1990) 

concluded that un-glycosylated PrPC converted more rapidly to PrPSc in vivo than 

glycosylated forms.  Research investigating glycosylation length alterations, instead of 

total removal, and its effect on the nature of misfolding is currently lacking.  Additionally, 
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no studies exist where altered glycosylation length has been specifically studied in CWD 

of cervids. 

 In previous studies, two insect cell lines, Mimic and High Five, were infected 

with baculoviruses encoding the mule deer prion protein.  It was demonstrated that these 

two cell lines produce similar amounts of the recombinant protein (Casebeer 2010).  

Furthermore, proteins produced demonstrated the heterogeneous glycosylation patterns 

seen in prions produced by deer (Casebeer 2010).  These multiple glycosylation forms, 

detected by immunoblotting, could be resolved into a single band by treatment with 

Peptide: N-Glycosidase F (Casebeer 2010).    

Mimic cells produce oligosaccharides with full glycosylation length while High 

Five cells lack terminal sugar moieties because of the absence of various 

glycosyltransferases needed to create full-length oligosaccharide chains (Hollister and 

Jarvis 2001, Appendix I).  In the present study, the prions generated from these two 

model cell lines were used to address several questions.  First, each line was evaluated in 

their ability to produce PrPC.  This was followed by evaluating the stability of these 

proteins one year after expression when stored at -20°C.  The third question was to assess 

if the proteins are GPI anchored and exploit this feature to extract them from cell 

membranes.  Finally, a combination of immunoblotting and lectin affinity 

chromatography was used to examine if glycosylation patterns coincide with what is 

predicted for prions produced by these cells.  Ultimately, the effect of altered 

glycosylation length on the prion conversion process can be investigated in the future 

using PMCA.  This assay exposes excess PrPC to a minute amount of PrPSc in the 

presence of sonification in order to analyze the rate of conversion (Saborio et al. 2001). 
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 I hypothesize that both cell lines will efficiently produce PrPC and that these 

proteins will remain stable one year after expression.  I also predict that the proteins are 

GPI anchored.  Furthermore, I hypothesize that the prions from the two cell lines will 

have differing glycosylation patterns and that this difference in length of the 

oligosaccharides will affect the conversion rate of PrPC into its disease causing isoform 

PrPSc.  This hypothesis stems from the idea that the oligosaccharide(s) may aid in the 

attachment of particular PrPSc proteins to the PrPC host (Nishina et al. 2006). 
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Materials and Methods 

Cell Lines 

The High Five (Trichoplusia ni) cell line consisted of cells that resemble wild 

type insect cells in their ability to glycosylate proteins.  Insect cells lack the ability to 

process N-linked oligosaccharides to complex forms containing terminal sugar moieties 

(Jarvis and Finn 1995).  In contrast, Mimic (Sf9) cell lines consisted of transformed cells 

with mammalian glycosyltransferases so that these cells can glycosylate proteins with 

full-length N-linked oligosaccharides (Hollister and Jarvis 2001, Appendix I).  The High 

Five cell lines were grown in Express 5 Invitrogen medium supplemented with glutamine, 

Penstrep, and Amphotericin B/fungizone.  The Mimic cell lines were grown in Invitrogen 

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

and Amphotericin B.  Both cell lines were monitored and passaged every four days. 

 

Virus Preparation 

 The virus Autographa californica multicapsid nucleopolyhedrovirus (AcMNPV) 

was used to infect both insect cell lines.  This virus was recombined with the genetic 

material encoding mule deer prion protein and stored at a concentration of 9.7x108  

plaque forming units/mL.  As a control, recombinant AcMNPV viruses encoding the 

enzyme chloramphenicol acyltransferase (CAT) instead of the prion protein were used.   

 

Viral Infection 

Twenty µL of virus per one mL respective medium was used for initial infection 

of confluent cells.  Confluency was defined as a monolayer of cells existing in a 25 cm2 



 

6 
 

area tissue culture flask.  Initially, the cells were incubated for one hour.  Following this 

time, two additional mLs of media were added and the cells were further incubated for 42 

hours at 27°C. 

 

Harvesting and Washing Infected Cells 

 Following the 42 hour incubation at 27°C, the cells were dislodged from the 

surface of the tissue culture flask by pipetting.  The cells were transferred to a 15 mL 

centrifuge tube and centrifuged at 4000 rpm in a Fischer Scientific accuSpin 400 for five 

minutes.  The supernatant was discarded and the cells were washed twice with 2 mLs of 

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

the supernatant.  The washed pellet was re-suspended in 2 mLs of PBS.  This suspension 

was aliquoted into 200 µL amounts into microcentrifuge tubes and stored at -20°C. 

 

Immunoblotting 

 The frozen samples from viral infection were combined with NuPage protein 

sample buffer and reducing agent and were boiled for 10 minutes and centrifuged at 

16000 g for five seconds.  An Invitrogen 12% Bis-Tris gel was then prepared and set up 

in a vertical gel box.  The upper chamber was filled with 200 mL of Invitrogen NuPage 

MOPS SDS Running Buffer plus 500 µL NuPage antioxidant.  Each well was washed out 

with 50 µL of this upper chamber buffer followed by sample loading.  The lower 

chamber containing 800 mL NuPage MOPS SDS Running Buffer was then filled.   The 

proteins were electrophoresed at 200 V for approximately one hour until the dye front 

reached the bottom of the gel.   
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 After electrophoresis, the proteins were transferred from the gel to a 

polyvinylidene fluoride (PVDF) membrane.  The membrane was prepared for transfer by 

soaking in methanol for 15 seconds, distilled water for two minutes, and, along with five 

sponge pads and two blotting papers, transfer buffer (25 mL 20x transfer buffer, 50 mL 

methanol, 425 mL distilled water).  An Invitrogen blotting apparatus was used and two 

sponges were placed at the bottom followed by one blotting paper, the gel, PVDF 

membrane, one blotting paper, and three sponges.  Bubbles were rolled out using a glass 

test tube wetted with transfer buffer.  The assembly was set up vertically in a gel box with 

the transfer buffer poured into the blotting apparatus and ice cold distilled water in the 

lower chamber.  The transfer was run at 30 V for approximately 90 minutes.   

 After the 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 one hour on a rocking platform.  The membrane was then 

washed with TBST briefly.  The membrane was sealed in a Seal-Pak pouch with 20 µL 

SAF-32 mouse anti-hamster prion primary antibody in four mL dilution buffer (1% w/v 

nonfat dry milk in TBST) and stored at 4°C overnight.  The SAF-32 antibody recognizes 

mule deer prion protein. 

 Following this incubation, the membrane was washed three times in 30 mL TBST 

for 10 minutes on a rocking platform.  Next, the membrane was incubated in secondary 

antibody solution (4 µL of Promega anti-mouse IgG secondary antibody in 30 mL of 

blocking buffer) for one hour.  The secondary antibody was then poured off and the 

membrane was washed three times in 30 mL TBST for 10 minutes on a rocking platform.  

The membrane was washed twice in 25 mL assay buffer (5 mL 10x CDP-Star Assay 
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Buffer in 45 mL DI) for two minutes on a rocking platform.  The membrane was then 

placed on a plastic sheet and the assay buffer was drained off using a Kimwipe.  Next, the 

membrane was incubated for five minutes in a thin layer of CDP-Star Substrate.  The 

excess substrate was removed using a Kimwipe and another plastic sheet was placed over 

the membrane.  Chemiluminescent imaging, using four 15-minute dark exposures, was 

used to determine if the prion protein was isolated and if it had three distinguishable 

glycoforms: di-, mono-, and un-glycosylated.  

 

Precondensation Triton X-114 

 The detergent Triton X-114 can be used to extract GPI-anchored proteins (such as 

the prion protein) from cell membranes.  This detergent often contains hydrophilic 

contaminants, which must be removed by several rounds of phase separation before use.  

In a 50 mL centrifuge tube, 1.5 grams of Triton X-114 was dissolved in 50 mL ice-cold 

TBS.  The tube was then placed on ice for five minutes, turning the initially cloudy 

mixture clear.  Next, the solution was warmed for five minutes in a 37°C water bath, 

turning the mixture turbid.  The sample was centrifuged for 10 minutes at 1000 g at 24°C.  

The upper phase containing the hydrophilic contaminants was discarded and the lower 

detergent-containing phase was redissolved in an equal volume of ice-cold TBS.  The 

steps involving the water bath, centrifugation, and phase removal were repeated twice.  

The precondensed detergent was stored at 4°C. 
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Partitioning of Isolated Prions 

 Frozen 200 µL aliquot suspensions of infected insect cells (High Five, Mimic, and 

CAT) were thawed and 50 µL of cells were isolated.  In a 1.5 mL centrifuge tube, each 

suspension was dissolved in 1 mL ice-cold TBS and 200 µL precondensed Triton X-114 

detergent.  The tubes were mixed by inversion and placed in a 37°C water bath for five 

minutes, turning the solutions cloudy.  The samples were then centrifuged at 15700 g for 

five minutes.  The lower detergent phase was isolated for analysis by electrophoresis and 

for use in lectin affinity chromatography.   

 

Lectin Affinity Chromatography 

 The lectin SNA-I (from Sambucus nigra) is capable of binding proteins that have 

terminal glycosylation moieties.  Fifty µL of the detergent phase (containing either High 

Five prions, Mimic prions, or Mimic CAT proteins) were added to a 1.5 mL centrifuge 

tube containing 500 µL PBS, 50 µL immobilized SNA-agarose beads, 50 µL 1 mM 

MgCl2, and 50 µL 1 mM CaCl2.  The solutions were incubated at room temperature using 

a rotator for one hour followed by centrifugation at 15700 g for five minutes.  The 

supernatant was removed leaving only the pellet, which was then washed in 100 µL PBS 

plus 100 mM lactose.  Lactose competes for SNA-I binding to its target glycoproteins 

and is used to release the proteins from the SNA-agarose beads.  This was followed by 

centrifugation at 15700 g for five minutes.  The recovered supernatant was then 

immediately analyzed by immunoblotting. 
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Results 

 In order to answer the questions posed in this research project, the levels of prion 

protein from the two cell lines needed to be evaluated.  Likewise, any affect of long-term 

storage of samples at -20°C also needed to be evaluated.  This allowed for proper 

amounts of prions to be used in immunoblotting and lectin affinity chromatography 

experiments.  The expression levels of each cell line were determined (Fig. 1-3).  Figure 

1 shows the expression levels of prions from High Five and Mimic cells across a range of 

four different dilutions one week after harvesting infected cells expressing prion proteins.  

Figure 2 shows the expression levels of the same cell solutions (different aliquots) one 

year after the cells had been harvested.  Figure 3 shows prion expression levels from both 

High Five and Mimic cells at one particular dilution.  Figures 1-3 show that the insect 

cells expressed the prion proteins.  The levels of expression were comparable, even after 

one year of storage.   

 One objective of this study was to use lectin affinity chromatography in order to 

examine if High Five and Mimic cells were glycosylating the prion proteins in the 

manner predicted: High Five cells fail to produce full-length oligosaccharides while 

Mimic cells are able to fully glycosylate the prions.  Precondensed Triton X-114 

detergent was used to isolate GPI-anchored proteins from the insect cellular membrane 

components.  These samples were then exposed to SNA-I lectin.  SNA recognizes 

terminal sialic acid sugar moieties and should only bind to the Mimic cell produced prion 

proteins (Fig. 4).  Immunoblotting was used to assess whether prion proteins from both 

High Five and Mimic cells were extracted by the Triton X-114 (Fig. 4).  The plot also 

indicated that only the Mimic prions were precipitated by the SNA-agarose beads (Fig. 4). 
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Figure 1: Comparison of expression levels among prion protein produced in High Five 

and Mimic cell lines (one week after viral infection).  The expression levels are 

comparable; however, the Mimic cell line appears to have produced a moderately higher 

concentration of prions, especially the unglycosylated glycoform. 

 

Lane 1-4: 5.0µL, 1.0µL, 0.2µL, and 0.1µL of High Five cells 

Lanes 5-8: 5.0µL, 1.0µL, 0.2µL, and 0.1µL of Mimic cells 
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Figure 2: Comparison of expression levels among prion protein produced in High Five 

and Mimic cell lines (one year after viral infection).  The prions are still detectable; 

however, Mimic cell prions are more apparent suggesting that a higher concentration 

exists.  

 

Lanes 1-4: 5.0µL, 1.0µL, 0.2µL, and 0.1µL of High Five cells 

Lanes 5-8: 5.0µL, 1.0µL, 0.2µL, and 0.1µL of Mimic cells 

	

	

				1													2																3														4													5														6																7																8	 

				|																				High	Five																										|																														Mimic																										| 



 

13 
 

	

	

Figure	3:	Comparison	of	expression	levels	among	prion	protein	produced	in	High	

Five	and	Mimic	cell	lines	(one	year	after	viral	infection)	at	a	5.0μL	dilution.		Mimic	

cells	have	clearly	produced	more	of	each	prion	glycoform	at	this	dilution.	

	

	

	

	

	

	

	

High	Five Mimic 
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Figure	4:	Immunoblot	following	lectin	affinity	chromatography	indicates	the	

presence	of	both	High	Five	and	Mimic	derived	prions	in	the	detergent	layer	but	the	

subsequent	absence	of	High	Five	prions	and	presence	of	Mimic	prions	in	the	

samples	exposed	to	the	immobilized	lectin.	

	

Lanes	1-3:	High	Five,	Mimic,	CAT	exposed	to	lectin	(20.0μL)	

Lanes	4-6:	High	Five,	Mimic,	CAT	in	detergent	phase	(8.0μL)	

	

	

	

	

							1																			2																					3																		4																			5																							6 

					|				Association	with	SNA	lectin						|						Association	with	Triton	X-114				| 
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Discussion	

	 Both	the	High	Five	and	Mimic	insect	cell	lines	expressed	the	prion	protein	at	

comparable	levels	(Fig.	1-3).		Mimic	prions	were	expressed	slightly	higher	than	the	

High	Five	prions	in	these	expression	experiments.		Furthermore,	the	prion	protein	

was	stable	and	detectable	after	one	year	of	storage	at	-20°C.		The	banding	patterns	

were	consistent	with	the	three	possible	prion	glycoforms	(Race	et	al.	2002).		These	

bands	correspond	to	the	di-,	mono-,	and	unglycosylated	proteins	(Race	et	al.	2002).		

The	presence	of	all	three	suggests	that	the	two	insect	cell	lines	are	capable	of	

glycosylating	the	prions	in	a	similar	manner	to	the	mule	deer	infected	with	chronic	

wasting	disease.		GPI-anchored	proteins	associated	with	Triton	X-114.		Figure	4	

suggests	that	this	was	successfully	exploited	as	a	way	to	extract	prion	protein	from	

the	cell	membrane.	

	 In	order	to	assess	if	prions	made	in	High	Five	and	Mimic	cells	had	been	

glycosylated	to	differing	extents,	lectin	affinity	chromatography	was	used.		

Sambucus nigra	(SNA-I)	lectin	covalently	attached	to	agarose	beads	was	used	

because	of	its	ability	to	noncovalently	bind	to	terminal	sialic	acid	sugar	moieties.		If	

the	predicted	N-linked	glycosylation	pathway	of	High	Five	and	Mimic	cells	holds	

true,	then	only	Mimic	cell	derived	prion	proteins	should	associate	with	the	SNA	

immobilized	agarose	beads.			This	was	evident	as	only	Mimic	derived	prions	were	

precipitated	from	the	samples	exposed	to	the	SNA-agarose	beads	(Fig.	4).		This	

indicates	that	both	cell	lines	express	the	prion	protein	and	that	both	glycosylate	it.		

It	also	indicates	that	the	prion	protein	is	GPI-anchored	and	that	only	Mimic	prions	

are	fully	glycosylated.	
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	 Future	studies	will	focus	on	using	PMCA	to	examine	any	differences	in	the	

rates	of	conversion	between	the	fully	glycosylated	and	partially	glycosylated	prions	

isolated	from	each	cell	line.		This	may	reveal	insight	into	the	role	played	by	

oligosaccharides	in	the	conversion	of	a	normal	cellular	prion	into	the	disease	

causing	isoform.	
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