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ABSTRACT

Doppel gene (PRND) isaparal ogue of the mammalian prion gene (PRNP).
Asprion protein expression might aid cellular resistance to oxidative stress
by influencing the activity of superoxide dismutase (SOD), cellular changes
inthe human PRND-transfected HEK 293 cellswere also investigated. The
SOD activity of transfectants with doppel (Dpl) expression was signifi-
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cantly lower than that of parental cells at 48 h after transfection, while
prion protein expression increased cellular SOD activity. The SOD activ-
ity in amino-terminal truncation of Dpl transfectant was also decreased.
The glycosylphosphatidylinositol (GPI) anchor site at the carboxyl-termi-

nus of Dpl appeared to be essential for the repression.
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INTRODUCTION

Similarly totheprion protein, Dpl isthought asa
GPI anchored protein and is attached to the cell mem-
brane by the anchor. The GPI anchor signal iscom-
posed of astretch of hydrophobicamino acid residues
inthecarboxyl termina region of GPI anchored pro-
tein. Thenormal function of Dpl remainsto be estab-
lished, however, itslocaization onthecdl surfaceviaa
GPI anchor would be cons stent withrolesin cell adhe-
sion and recognition, ligand uptake, aswell astrans-
membranesignaling™®Z. It hasbeen reported that wild
type prion protein playsaneuroprotectiveroleagainst
apoptosisinduced by serum deprivation, and the oc-
tapeptide repeat region of prion protein playsan es-
sentia rolein regulating apoptosisthrough the activa
tion of SODB4, Although there have been several re-
portsregarding theassoci ation between prionand SOD,

it remainsunclear whether prion elicits SOD activity
itsdlf orindirectly by activating cellular SOD®. TheDpl
sharessgnificant biochemica and structura homol ogy
with thenormal prion protein, however, the Dpl can
induce Purkinjecell death by nongpoptotic mechanisms,
eveninthe absenceof proapoptic Bax protein®. Strik-
ingly, theneurotoxicity of Dpl iscounteracted and pre-
vented by thenormal prion protein. Antagonistic func-
tionsfor themwerethusindicated from geneticand bio-
chemica evidences.

Accordingly, weassumed that Dpl expresson might
disturb the SOD activity onthecdlls. Thishad prompted
ustoinvestigate whether the Dpl expression had the
inhibitory activity against SOD or not.

RESULTSAND DISCUSSION

In the present study, we developed amammalian
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expression systemfor atruncated form of human Dpl
protein with or without a GPI anchor sitedriven by
CMYV promoter intransiently transfected HEK 293
cellstoinvestigate the cellular changes of the SOD
activityl” (Figure 1). The SOD activity wasdetermined
by using the superoxide dismutase assay kit-WST
(Dojindo, Japan) according to the protocol of the
manufacturer, which utilizesatetrazolium salt (WST-
1) for the detection of superoxideradicals generated
by xanthine oxidase. Each transfected cellswerely-
sed and mixed with the radical detector, and the ca-
talysis of SOD wasthen initiated by the addition of
xanthine oxidase. The absorbanceswereread at 450
nm for WST-formazan, and SOD activities of the
sampleswere cal culated using aserialy-diluted SOD
standard reference curve. At least four individual ex-
perimentswere performed. AsshowninFigure 2, the
SOD activity wasincreased in the human prion ex-
pressing cells and decreased in the human Dpl ex-
pressing cellscompared to the parental HEK 293 cells.
On the other hand, no decreasein SOD activity was
observed inthe carboxyl truncated Dpl which had no
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Figurel: Schematicrepresentation of full length (FL) prion,
FL-Dpl and deletion mutant proteinsused in Figure2. The
corresponding PRND sequencetotheindicated portion of
Dpl proteins(DplA-GFPand DplB-GFP) or (DplC-GFP, DplD-
GFP, DplE-GFP, DplF-GFP, and DplG-GFP) wereinserted into
either pcDNA3.1CT-GFPor pcDNA3.INT-GFPplasmid, re-
pectively. Theseplasmidswereintroduced intoHEK 293 cdls
together with a constant amount of PSV-GAL, followed by
incubation for 48 hr. Theamount of GFP protein expression
wasthen measur ed by wester n blot and normalized asto ex-
presson of ERK 1 and beta-galactosidaseactivity asequal lev-
elsof protein loading (not shown).
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Figure2: Analysisof SOD activity in parental HEK 293 cells
and HEK 293 cellstransfected with varioustypesof FL -prion,
FL-Dpl, and Dpl mutant fused to GFP geneasshown in Figure
1: 1,HEK 293; 2, GFP; 3, FL-prion; 4, FL-Dpl; 5, DplA-GFP;
6, DplB-GFP; 7, DpIC-GFP; 8, DpID-GFP; 9, DplE-GFP; 10,
DplF-GFP; 11, DplG-GFP. A SOD assay kit-WST (Dojindo,
Japan) wasused for thequantification of SOD activity. Cell
lysateat 48 h after transfection in ice-cold RI PA buffer was
assayed and compar ed with 1 unit of bovineerythrocyte SOD
activity. The SOD activity was estimated using a standard
curve of SOD activity on absorbance at 450 nm. The SOD
activity wasexpr essed asunits/mg protein. Data areresults
from four independent experimentsand ar eexpr essed asmean
+SD. * P<0.01 compared with HEK 293 cells.

GPI anchor ste. Theviahility of transfectantsexpressng
exogenous human Dpl was not decreased whilethe
capacitiesfor cellular function against anti-SOD ac-
tivity (datanot shown).To summarizetheresults, both
GPI anchor siteand alphahelix domainswereimpor-
tant for the SOD inhibition.

Prion proteinisaslo a GPl anchored membrane
protein that is thought to play arolein protecting
against oxidative stress, and this protectionis medi-
ated by affecting SOD. Thishasbeenreportedinre-
combinant, mutant, and normal prion proteininvitro
andinvivo“8, It may be astress sensor that is sensi-
tiveto copper at octapeptiderepeats, and itisable
toinitiateasigna transduction processacting onthe
antioxidant systemd®. In addition, thelevel of theto-
tal SOD activity was correlated to thelevel of prion
protein expressed™?. These suggested that Dpl pro-
tein expression might a so regulate SOD activity be-
causeof itsstructural similarity to prion protein. How-
ever, the present study demonstrated that GPI an-
chored Dpl might downregulatecellular SOD activity
but GPI anchorless Dpl might not. Thesefindingssug-
gest that Dpl regulates cellular SOD activity viathe
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GPI anchorage. Our results agree with other reports
that the transfectant expressing both endo- and ex-
ogenous prion protein showed higher SOD activity
on cellg*, Thissuggests that the expression of the
prion aidsinthe cellular response of the donor cells
to oxidative stress.

It hasbeenreported that cellular functionof Dpl is
counteracted by the normal prion protein*?. To get
somecluesand eva uatehow Dpl expression couldlead
toaninhibition of SOD activity, weinvestigated the ef-
fectsof Dpl expression on signaling pathwaysknown
to beimportant for cell gpoptosis. Western blot analy-
sesfor phopho-p38, phospho-Bad, phosphs-AKT and
DFF45 wereperformedto investigatether proteinlev-
els. Whilethe GFP-tagged Dpl and prion wereclearly
expressed inthe HEK 293 cells, therewas almost no
changeintheleve of theexamined proteinsinvolvedin
the apoptosispathway (Figure 3). Neither FL-Dpl nor
severd truncated Dpl proteinsexpression dso resulted
inany changesin theexamined proteinlevel (datanot
shown). Thelack of changesintheproteinlevel was
surprising, however, theseresults suggested that Dpl
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Figure 3 : Intra-cellular changes of proteinsinvolved in
apoptosissignaling pathway by Dpl and prion protein expres-
son. Theindicated protein levelswer eexamined by western
blot. Transfected HEK 293 cellsexpressing GFP, prion, Dpl
fused to GFP wereharvested and analyzed in western blot
developed with indicated antibodies(BD Biosciences) includ-
ing anti-GFPantibody (SantaCruz). Wester n blot with anti-
Erklantibody wasalso checked asequal levelsof protein load-
ing (datanot shown).

expression by itself did not affect the intra-cellular
gpaptotic signaing pathway. Onepossiblereasonisthat
theDpl inhibit SOD onthe cell surface, hence superox-
idemight injury the cell expressing Dpl only when su-
peroxideisactualy produced outside of thecells.

Numerous studies have demonstrated that various
GPI anchor proteins, which are post-trandglationally
modified, can affect thelocalization of these proteinsin
the plasma membrane or the cell wall. The GPI an-
chored proteinsarestructuradly and functiondly diverse
and play vital rolesin numerousbiological processes,
however, thebiologica functionsof the GPI anchor have
not yet to be elucidated at molecular level™d. GPI an-
chored prionisimportant intheamplification and spread
of prioninfectivity from cell to cell*, because mem-
braneanchoringinduced refolding of theprion protein
tointermolecular beta-sheetd . Finally, it will be of
particular interest to explorewhether the Dpl sharefunc-
tiond aspectswith the SOD related moleculesand might
interact each other, asthe prion protein does.
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