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Abstract

Cerebral formation of the pathological isoform of the prion protein (PrP) is a crucial molecular event in prion diseases. The bank vole
(Clethrionomys glareolyss a rodent species highly susceptible to natural scrapie. The PrP gene of bank vole is polymorphic (Met/lle) at
codon 109. Here we show that homozygousM#%¢t voles have incubation times shorter than heterozygoué®{{59/oles after experimental
challenge with three different scrapie isolates. An HPLC-MS/MS method was optimized and applied to investigate whether in heterozygous
animals both PrP allotypes are able to undergo pathological conversion. The results demonstrate that both allotypes of the prion protei
participate to pathological deposition.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Mass spectrometry; Prion protein; Reporter peptides; Transmissible spongiform encephalopathies

1. Introduction protein consists of 253 amino acid residues, with 8, 9
amino acids long tandem repeats at the amino-terminus, two
Transmissible spongiform encephalopathy (TSE) diseasesN-glycosylation sites (residues 181 and 197), one disulfide
or prion diseases are a group of fatal neurodegenerative disorbond (Cys179-Cys214) and a glycosylphosphatidylinositol
ders affecting animals, e.g. bovine spongiform encephalopa-(GPI) membrane anchor at the carboxy-terminal resjdlie
thy (BSE) and scrapie in sheep, and humans, e.g. Creutzfeldt-The amino acid sequences of the cellular and pathological
Jakob disease (CJD). Human TSE diseases can occur either grotein isoforms are identic@d] and they differ by confor-
sporadic or genetic forms, the latter being always associatedmational properties. Pf¥¥is characterized by a highsheet
with mutations of the PrP gene. Acquired forms have been content, insolubility in detergents, and a partial resistance
reported as deriving from accidental iatrogenic transmission to proteolytic treatment that trim the N-terminal end of the
or from ingestion of BSE contaminated fofid. protein yielding a protease resistant core, called PrP27-30;
TSE diseases are usually characterized by the formationconversely, PrP is a soluble protein with a high content
and accumulation in the brain of a partially protease of a-helices and high susceptibility to proteolytic digestion
resistant protein (Pf®) [2,3], which derives from an [2,5-7]
host-encoded soluble protein (B)PIn humans, the prion The mechanism of the pathological conversion of the prion
protein is unknown, but the primary structure of the protein
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the Met/Val polymorphism at codon 129 is critical for the sus- which was characterized by pronounced ataxia, kyphosis and
ceptibility and for the clinico-pathological phenotype of the severe hypo-activity and -reactivity. At this stage the animals
diseasg8—10]. In sheep, polymorphisms at codons 136, 154 were sacrificed with carbon dioxide. Survival time was calcu-
and 171 of the PrP gene codons are known to affect the susdated asthe interval between inoculation and terminal disease.
ceptibility to natural scrapie and to experimentally transmit- Brains were collected and immediately frozen. To obtain
ted scrapie and BSH1,12] In experimentally infected mice  suitable amount of tissue for optimizing the HPLC-MS/MS
as well, the incubation time of the disease depends on the PrAnethod, brains from heterozygous voles were pooled.
gene, which can be either 168 and 183" (prnp allele a) PrP27-30 was extracted from diseased brains and pu-
or 108"¢and 18%@ (prnpalleleb) [13]. Heterozygous mice  rified according to a published protoc§l8], compris-
(prnp?®) injected with some mouse-adapted scrapie strainsing sequential ultracentrifugation steps in detergents and
show an incubation time thatis longer thapmp? andprnp? a proteinase K treatment. Briefly, the brains were ho-
homozygous subjecf&4]. A similar phenomenon, described mogenised in 9 volumes of a 10% solution of sarcosyl
as “overdominance of heterozygotes”, may occur in sporadic (N-lauroylsarcosine sodium salt) pH 7.4. The homogenates
CJD, where heterozygous 1%V individuals show longer  were clarified in a Beckman rotor 100.3 at 16,00 for
survival timeq15]. 15min. Supernatants were treated with 0.1M EDTA pH
The bank vole Clethrionomys glareolyds a wild rodent 7.6 and centrifuged at 145,080g for 90 min. The pel-

highly susceptible to natural scrapie whose PrP gene is poly-lets were resuspended in 0.02M Tris—HCI, pH 8.5, 0.1%
morphic at codon 109, coding either for isoleucine or methio- Zwittergent 3,14 -tetradecyIN,N-dimethyl-3-ammonio-1-
nine (unpublished data). Here we show that scrapie infectedpropanesulphonate). The samples were then centrifuged at
heterozygous 10%""e animals have longer survival times  145,000x g (58,000 rpm) for 60 min on a cushion of 20%
than homozygous 10%YMet yoles injected with the same  sucrose. The pellets were resuspended and centrifuged as
material. It is possible that 189 PrP allotype does not par-  above. The resulting pellets were stirred overnight at room
ticipate to the pathological conversion of PrP and, as a conse-temperature in a solution of 0.2 M Tris—HCI pH 8.5, supple-
quence, delays the progression of the disease. To test this hymented with 1 M CaGland 0.2wg/ml micrococcal nuclease.
pothesis we used a previously developed HPLC-MS/MS pro- Subsequently, the samples were incubated withug/il
tocol[16,17]which was here optimized to selectively moni- proteinase K for 30 min at 37TC. After the addition of 0.1M
tor reporter peptides of Pf# allotypes 10t and 104€ in EDTA pH 7.6, the mixture was centrifuged at 200,000
heterozygous bank voles. for 2 h through a cushion of 20% sucrose. Purified PrP27-30

samples were inactivated with 80% formic acid for 3 hat4

and centrifuged at 14,0009 for 30 min at 4 C. The super-

2. Experimental natant was neutralized with 0.5M ammonium bicarbonate
(pH 7.8). PrP27-30 suspension was desiccated in speed vac-
2.1. Chemicals uum (Speed Vac Sc 110; Savant), resuspended ol 56f

digestion buffer (1 mM EDTA, 25 mM Tris—HCI pH 8.25 and
Trifluoroacetic acid and acetonitrile were purchased from 1% octyl-beta-glucopyranoside) and incubated withdyof
Fluka (St. Louis, MO, USA) and were chromatography grade. bovine trypsin (Roche, Basel, Switzerland) at&/for 24 h.
All other reagents were of analytical-grade available from Enzymatic digestion was stopped by diluting with 80 of
Sigma—Aldrich (St. Louis, MO, USA). 20% trifluoroacetic acid.
Water was either purified in the laboratory using a Milli-
pore Milli-Q water purification system (Volketswil, Switzer-  2.3. PrP®S allotypes profiling by LC-MS
land) or was HPLC grade (Fluka).
Allotype profiling was carried out by the reporter peptide
2.2. Sample preparation approach described in Schiairet al.[17]. Tryptic peptides
were fractionated by HPLC, on a LabService Analytica ap-
Homozygous 108€UMet (n=14) and heterozygous paratus (model LabFlow 4000, Bologna, ltaly), which was
109Vetle (n = 9) bank voles were inoculated with two natural  connected to an ion trap mass spectrometer equipped with an
sheep (SS3 and SS5) and one natural goat (SG1) scrapie iscelectrospray ion source (ES-IT, mod. LCQ, ThermoElectron,
lates. Beginning one month after inoculation, the voles were San Jose, CA, USA). The peptide mixture was injected onto
examined for neurological symptoms, and once the first clin- a reverse phase;gmass spec column (220 mr2.1 i.d.,
ical signs of disease were detected, the voles were examined um particle size, 306 pore size, Vydac, Hesperia, CA,
daily. The first signs consisted of hyperactivity/excitability USA) and elution was performed at a flow rate of 12840min
along with the absence of the typical hiding behavior un- with a linear gradient from 1 to 60% acetonitrile containing
der the sawdust’s cage; neurological symptoms were repre-0.05% trifluoroacetic acid in 60 min. The elution of the ham-
sented by upwards movements of the head (headbobbing)ster peptide 107TNMK110n§/z of 493.2) was preliminary
disturbed balance and impaired motor coordination. The an-followed by isolation and fragmentation of the parent ions
imals were kept alive until the terminal stage of the disease, at m/z 493.2, according to Schirinet al.[17]. Moreover
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ion current monitoring of the selected daughter ions (SRM 400

mode) aim/z216.1 (i ion) and 260.4 (yion) was achieved. 7

In heterozygous bank vole profiling, detection of the reporter 8 300+

peptides 107TNMK110 and 107TNIK110 was achieved on- g

line after isolation and fragmentation of the parent ionw/at = 200 s
493.2 and 475.0, respectively, and simultaneously monitor- £ il
ing ion currents of selected daughter ions (SRM mode) in the % 1004

m/z range of 216.3 3.0, 278.1 3.0 and 260.4: 3.0. The

spectrometer was operated under the following conditions: 0 . ,

electrospray voltage 5.15KkV; heating capillary temperature, SG1 Sss ss3
260°C. SIM and SRM chromatographic traces were auto-

mated by the Xcalibur software provided with the instrument. 7'9: 1. Survival times in heterozygous 109Metlle and homozygous

109Met/Met bank voles after inoculation with two natural sheep (SS3and
SS5) and one natural goat (SG1) scrapie isolates.

3. Results and discussion containing highly purified PrP27-30, we recently proposed
a LC-MS/MS analysis of the PrP27-30 reporter peptides
Homozygous 109e"Methank voles displayed similar sur-  [17]. This approach has been successfully applied to the
vival times with the three different scrapie isolates and in analysis of amyloidogenesis in experimentally infected PrP-
all three experimental challenges heterozygousMe#its heterozygous mouse straifi$] and in human TSEH9].
voles showed longer survival times than homozygous voles  To optimise the mass spectrometric analysis to profiling
(Fig. 1). Unpaired t test between the grouped 'f&/d/et of 1091elle yples, we performed a preliminary experiment
and 10%%ee ypoles showed highly significant difference  with PrP27-30 extracted from brains of golden syrian ham-
(P<0.0001,t=5.76, d.f.=21), with mean survival times ster infected with 263K scrapie strain. No allelic variants
(+standard deviation) of 202 28 days for homozygous and are present in hamster PrP. Residues in the 107-110 region
298+ 51 days for heterozygous voles. These results suggestof hamster prion protein are identical to those of voles with
that the PrP gene polymorphism influences the incubation 109V€t (Fig. 2). After digestion of hamster PrP27-30 with

period of disease in voles, similarly to what occurs in mice
[14].

The increased survival time observed in Y¥89'¢ voles
could be due to the inability of the PrP allotype carrying lle
at residue 109 to convert into the pathological isoform. In
order to evaluate this hypothesis we identified which"®rP

trypsin, the elution of 107TNMK110 peptide carrying the

109V€t residue, was selectively monitored following the ion

current of its parent ion. As already reported in Schingt

al. [17], the presence of PrP27-30 in the purified fraction
obtained from hamster brains infected with the 263 K strain
could be inferred by detection of a chromatographic peak

allotypes accumulate in the diseased brains of heterozygouswith a high signal to noise ratio. Moreover on-line collec-

voles. To reliably map PrP peptides in digested fractions

tion of the MS/MS spectrum on this peptide ion showed a

----- -+ -t Fom e ————————————
Bank vole MANLSYWLLAFFVTTWTDVGLCKEKRPEREPGGWNTGGSRYPG
Syrian Hamster MANLSYWLLALFVAMWTDVGLCKEKRPRPGGWNTGGSRYPG
50 60 70 80
77777 + f— L — +=
Bank vole 0OGSPGGNRYPPQOGGGTWGOQPHEHGGGWGQPHGGGWGOPHGGG
Syrian Hamster QGSPCGGNRYPPQGGGTHEQPHGGGWGEQPHGGGWGEGQPHGGG
90 100 110 120
----- + ——t + +=
Bank vole WGOQPHGGGWGOGGG THNOQWNERPSKPETNMKHEVAGAAAAGA
Syrian Hamster WGQPHGGGWGQGGGTHNQWNRKPSKPKTNMKHMAGAARARARAGA
130 140 150 160
----- + -———t + -
Bank vole VVGGLGGYMLGSAMSRPMIHFGNDWEDRYYRENMNRYPNDOQ
Syrian Hamster VVGGLGGYMLGSAMSRPMMEFGNDWEDRYYRENMNRYPNDQ Q
170 180 190 200
------------------ £ ——— -———t T S — .
Bank vole VYYREVDQYNNQNNFVHDCVNITIKQHTVTTTTKGENPFTE
.Syl‘ian.ﬁ'dmster VYYRPVDOYNNONNFVHDCVNITIKQHTVTTTTERKGENTFTE
210 220 230 240
------------------ RS S S S S S S R - ——
Bank vole TDVEKEMMERVVEQMCVTQYQKESQAYYEGRSSRAVLLFSSP
Syrian Hamster TDIKIMERVVEQMCTTQYQKESQAYYDGRRSSAVLFSS=-P
250
__________________ s s
Bank vole PYVILLISF
Syrian Hamster PVILLISFLIFLMVG

Fig. 2. Alignment of Syrian hamsteMgsocricetus auratysand bank vole Clethrionomys glareolysPrP amino acid sequences. Tryptic peptides used as
reporter ions are bolded. Insertion in the sequendég(introduced to maximise homology. The bank vole polymorphic residué'¢t69109') is underlined.
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278.1 type Fig. 4), demonstrating that they can both undergo to

Y pathological conversion.
Thr ~{ Aﬂ@:ys

b,
216.1

[

g 4. Conclusions

%100‘ 216.0

[= 100

E 107 NMK, 45— byand y, fragment ions 50 278.1 . . . ) i
250 z=495 - iz 216 0and2781 271 pemd The described HPLC-MS/MS method is able to identify
< =43 e the two allotypes of PrESfrom heterozygous scrapie affected
g 9 24 B 8 10 12 14 16 18 20 22 24 9§ 28 30 32 34 voles. This proves that the long incubation times observed in
« Time (min) 109Vetlle \ples is not imputable to the complete inability

_ _ ' of 109'¢ to convert in its pathological isoform. Additional
Fig. 3. Mass spectrometric detection of the hamster PrP27-30. In the up- studies are underway to improve quantification of the two al-

per part of the figure is reported the site of hyper fragmentation of the . . . . . .
hamster PrP reporter peptide 107—110 resultingzimahd ¥ ions. In the !otypes. Thls will allow to investigate if there are dlﬁere_nce.S
lower part of the figure is reported the MS/MS spectra of the reporter pep- IN the relative amounts of the two allotypes accumulating in

tide (107TNMK110); simultaneously monitoring of ion currents of selected the brain of scrapie infected voles and if the long incubation

daughter bions (/2216.1) and y ions (1/z278.1) were sequentially col-  times observed in 10&!"® is explained by a lower propen-

lected on-line after selective isolation and fragmentation of the parent ion sity ofthe 104 aIIotype to undergo pathological conversion.
493.2) (SRM . . o

(M2493.2) (SRM mode) Since the role of codon 109 on the susceptibility of heterozy-

high fragmentation yield at the level of the peptide bound gous vo!e; could also be influenced by the strain of TSE
between residues 108'-109"€t [17]. On the basis of this agent, S|m|larly to the mouse ”.‘Odi‘”]’ fgrther trgnsmls-.
fragmentation pattern, a more accurate analysis has been a sion studies on voles are ongoing involving the inoculation

proached and successfully achieved héig.(3), selectively of different T.SE strains. The HPLC-MS/MS anglynca_l ap-
monitoring the transition of the parent ion to thednd s proach described here can be a valuable tool for investigating

fragments the molecular basis of amyloidogenesis in TSEs and to gain
g ' : . insight in the phenomenon of the different susceptibility to
The same HPLC-MS/MS method was used in puri-

fied fractions of PrP27-30 extracted from heterozygous TSE diseases of heterozygous animals.
bank voles. We have simultaneously monitored two differ-

ent transitions of the reporter peptides 107TNMK110 and

107TNIK110: the b fragments, that are identical in both Acknowledgements
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