Recently, we reported the generatlon of -infectioys pnons
in vitro by amplrﬁcatten of PrP3¢ misfolding in the test tubé (Cas-
tifla et al., 2005). For these experiments, we used a techno\egy
termed PMCA (protein misfolding cyclic amplification) fhat
mirmnics in vitro some of the fundamental steps involved in prpSe
replication in vivo at an accelerated rate (Sabqr;o ot al., 2001)

During PMCA, small quantities of PrPS° are mixed with-exdéass -

of PrP%, and through a cyclical process lnvolvmg incubation
and sonication, prion propagahon occurs in an dutocatalytic
way, With this procedure, prions can replicate indefinitely in
the test tube and, after successive rounds of dilutions: followed
by PMCA amplification, PrP®® used to begin the reaction can-
be eliminated, and only in vitro-generated misfalded protein
remains in the sample (Castilla et al., 2005}). [noculation of
PMCA-generated prions into wild-type animals resulted in a dis-
ease with the sarme clinical, neuropathological, and biochemical
features as the disease produced by brain-derived infectious
. material (Castilla et al., 2005). The conclusion.drawn from these
findings Is that ali of the Information required to propagate the
infectious properties is enclphered in the structure of Prpse,

. 'ﬂ'us is. further supported by recént studies from Supattapone-_
. and- - coworkers i, .which Infectious prions.” were-.generated- .
- invitro by PMCA wrth purified Pre® and PrP3e with the sole ad-".

dition of symhehc poiyamens (Deleau[t etal., 2007)

Jhe goal ‘of this. study was to attempt crossmg the spec:esf )

E bamer in.vitro to generate uniqué infectious. prions in a cell--‘-
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free, system For these studies, we used mice and. hamsters, s "

Ltwo experlmentai rodent systems widely employed in TSE stud=’

N , les-and forwhlch severa! prion strains are avallable {Bruca, 20035
. *Kimberlin and Waiker, 1988). The PrP sequence shows nine dif<*

. ferendes: between these two animal species (Figure 1A). Infectiv- -

“‘mission betwesnthese species (Kimberlin'et al’; 1989‘}‘{imberiin
. and Walker, 1988; Race et al., 2002). Qur findings show thatin-
~ cubation of PrP® from one of the species with PrES? from the

other resulted in new PrPS° that was infectioys-to wild-type ani-
_,mals. Interestingly, a detailed examination of the infectious, neu:
g ropathologlcal and biochemlcal features of the disgase that wasf_
produgced revealed characteristics that were dlfferent from other:

ated in vitro by crossing of the mouse—hamster barrier feprésent -/
new strains. Strikingly, studies ofthe infectious charactéristics of: -

.these-newly generated prions after. dlfferent rounds: of PMCA

" - 'showed that the procedure notonly enabled crossing of the Spe-

: cies barrier but aiso resulted in stablhzatjon of the new strain
in vitro by. success:ve rounds of : ampllﬁcatlon Qur- findings

".. show that prions can be propagated in vitro across the spec:les

. barier; leading to the generatlon and adaptatlon of umque prion.
stralns .

5 .RﬁédLTs e

' Crossmg the Mouse-l-lamster Specles Bamer
to Generate New Hamster Prions

specnes barrier, we used hamsters and mice, two widely studxed_'-

- -rodent experimental models of TSEs (Bruce, 2003; Kimberlin and .-
Walker, 1988; Morales et al., 2007). A PMCA experiment done .
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L lty studies have shown that thereisalarge bamer for prion transs . .;Fgure 1. sIn V'rtro Corwers:on of Hamster Pret lnduced by.Mouse
' RMLPPS® . .
W RML bram homogenate was diluted 1000-ford into erlher mouse orharnsier
2 formal brain homogenate and subjected to 96 PMCA cyctes The biot shows
. the results with and without PMCA in eabh species. At the right side, we show

. a scheme of PrP mdscatmg the pos:tion in which there are ammo amd differ-

ences between mice and hamsters, -
(E!) To attempt forcing conversion, we incubated larger, quantrﬁes {dilutions

- 1:50 through 1:800) 6t RML PriP®® with mouse [céntral panel) or hanistér {right
. panel) PrPC, All samples (oxcept for the control samples in the left panel la-* -
known prion strams. These résults indicate that the prions gener- . beled “nonamplified”) were subjcted to 86 PMCA cycles, and Prpse signal .
‘was detected after PK digestion by weetem Blot with the 6H4 anh'body

“(C)yThe samo samples as trmse |n1henght panel of (B) were d’e‘ve!oped ‘with the

3F4-antibody. .

(D) The newly generated AML-Ha PrPS® was senally passed i hamster brain
homogenate by a series of 1:10 dilution followed by 48 PMCA cycles. “R" in-
dicates the number.of rounds of PMCA, ie., Fl5 repr&eent the samples after .
five serial rounds of PMCA.

(3] For the assessment of spontaneous generation of PrP®e by PMCA, sampleﬁ
from brain of ten different hamsters were subjected to the same process of se-

RN rial PMCA as in-(D).. PrPS¢ fommation was analyzed by western blot after PK
. u'eatnent in eagh PMCA round. The figure shows the results obtained after

20 reunds of PMCA. In the expeﬂmen's shown m thus figure, all’ samples

o wefa treated wmth P, except when indicated. .

- : wﬂh _eur_ standafd_- coridftio_ns fqr-arribliﬁcetion of mouse AML
. To assess whether prions can be generated in vﬁro across the :

prions-showed no detectable formation of PrP5° when hamster -
"PrR® was used as a substrate (Figure 1A). Conversely, arobust . -
PIP®¢ generation was.observed with mouse PrP® substrate.

_ For this experiment, wa mixed a 1000-féld dilution of RML PrP®°



into 10% brain homogenates of healthy hamsters and mice, re-
spectively. We reasoned that if in vivo ittakes longerfor prions to
replicate across species barmiers, then in 'PMCA we should also
encounter mofe difficulties to convert PrP® when using PrPSe
from a different species. To attempt forcing the in vitro conver-
sion, we added a higher propertion of PrP®*-containing mouse
brain homogenate into the hamster substrate. A range of dilu~
tions from 50- to BOD-fold were tested, but the problem with
these experiments is that the large concentration of RML PP
used as inoculum makes it difficult to estimate convincingly
whether new PrPS¢ generation was obtained {Figure 1B}, Fortu-
nately, the 3F4 monoclonal antibody ¢an recognize hamster but
not mouse PrP (Lund et al., 2007). Using this antibody for west-
em blot, we could clearly obsatve that protease-resistant ham-
ster PrP®¢ was being produced when the reaction was done
with low dilutions (from 1:50 to 1:200) of mouse RML prpse
{Figure . 1C). When the amplification was attempted with 800-
fold diuted PrPSc-contalning mouse brain homogenate, only
avery faint sighal was observed, confirming the results obtained
in Figure 1A and the idea that the combination of PrP® and PrPSe
from different species impairs PMCA efficiency.

Newly generated hamster PrP®® starting from RML prions was
propagated many times In vitra by serial PMCA in order to re-
maove by dilution the initial amount of mouse scrapie brain mate-
rial added to begin prion replication (F' igure 1D). As described

hefore, using this procedure, we can completely remove all mol-

ecules of brain-derived Pr‘Ps" from the sample (Castilla et al.,.
o2005) JHamster..Pri%% of. RML. origin . efficiently propagates
< Finvitro: at the‘expense of hamster PrF’c Interestingly, in the first -

=‘PMCA rouﬁcfs th:s pattem changed to become undlstmguushﬁ

able fromp F_’les“ a_ss_qciated to the typical hamster strains, such
as 263K (Figure 1D)-or Hyper {HY), in which.the diglycosylated
band is highly predominant. This result suggests that the charac-
_teristics of the newly generated PrPSC are heing adapted to the
new specles dunng successwe PMCA cycling, reminiscent of
the adaptatlon process occurring in vivo upon serial passage
of the mfect:ous material. After 20 serial rounds of PMCA. repre-
.sentmg 4 dilution equwalent to 10722 with respect to'the _brain

“(since thé first round contains a T00-fold dilution of the matenal) -

‘our estlmation is that no mélecules of mouse brain Pre® should
be present in the sample. This in vitro-generated material was

termed RML-Ha PrP%® to emphasize tha RML origin of this -
riei hamster mlsfotded prion protein. To make sure that newly -

" formed PrP% was indead: coming from ‘conversiori of hamster

" PP induced by mouse PrPS® dnd fot just spontaneous “de”

" niovo™ formation of PrPS%in hamsters {Deleauit et al., 2007}, we
dld alarge expenment to analyze in detall the possibility of spon-

tangéous’ generatlon of PrPS“' and infectivity urider our expérimen- - )
- tal conditions. Samples of healthy brai humogenate from ten
" different hamstérs vére subjected to serial rounds of PMCA am-

_ _"pllﬁcation in the absence of PP seed. After up' to 20 setfa]
L rounds of PMCA, we did not observe denovo formatlon of PrP%
" inany of the samples {F’gure 1B -

Inocutation of wild-type hamisters iwith RML—Ha PP (pro-

duced after a 10~22 dilution of RML scrapie brair. homogenate)

263

produced disease in 100% of the animals by both intracerabral
{i.c.) and intraperitoneal (..p.) routes (Figure 2). The disease ex-
hibits the clinical characteristics typical of hamster scrapie, in-
¢luding hyperactivity, motor impairment, bead wobbling, muscie
weakness, and weight loss. The incubation time in the first pas-
sage was.165 + 6 days by i/c. inoculation (Figures 2A and 2C).
This is fonger than the incubation time obtained with hamstér
scrapie strains, such as 263K and HY, in which a similar quantity
of PrP* produces disease at around 100 days by this route (Fig-
ures 2A and 2C). However, in agresment with our previously re-

ported data (Castilla et al., 2005), when hamster 263K prions

were replicated invitro by PMCA, the newly generated PrP% pro-
duced disease with a delay similar to that observed with the RML-
Ha material (Figures 2A and 2C). The delay in our previous study
was eliminated upon a second passage in vivo, in which the
new infectious material was stabilized to acquire properties un-
distinguishable from In vivo-derived 263K (Figures 2B and 2C).
Interestingly, in the HY hamster prion-strain, PMCA-generated
material did not show any statistically significant difference
compared to in vivo-praduced prions (Figures 2A and 2C). These
resuits suggest that in vitro replication of prions by PMCA main-
tains the strain characteristics, atleastinrespect to the incubation

Cell

periods. To assess the stability of RML-Ha and estimate the sta- .

bilized incubation’ period, we-perfonned a second-passage. As
shown in Figure 2B, theincubatjon time of RML-Ha prioriswasde-
creased to around 90 days, which is very similar to that obtained

with 263K and HY but differentfrom the Drowsy {BY) strain. These r

results suggest that RML-Ha, prions, behav: Simiilarty to the 263K
strain; bothin vihn-generated pnons show a delay in the first pas-

sagethatgetls corrected upGa second ir vivopassdge: This fea--
‘tureisnst dlsplayed byotherhamster prion stﬁams.

SUGh3 as HY,or

gther species of pncns (see below forthe resuits g
PMCA—generated prions exhublted the same mcubatlon penod in

. the first passage as in vwo—produced infectious matenal As ex~

pected, hamsters inoculated with RML prions did notdevelopdis-
- ease during the time of the experlment (>400 days). Animalsinos- .
" udated with hameter brain hotmogenate subjected to 20 rounds of

PMCA in the absence of Prpse {control for the de novo generation
of PrPsc) did not develop disease more than 400 days after inoc-
uiation (Figures 2A.and 2C). lntrapentoneal inoculations of the in-

fectious material showed a clear difference between ‘the three .

pr:cn stramsnsed as reference; with 263K being the fastest and

DY not producmg disedse by this route (Figure '20). The incuba--. .

tiori period produced by i |.p. inocufation of RME-Ha pnons was

longer than that of the 263K and HY strains; with an ‘avérage of .
254 days inthé first passage. This is also !onger than 263K prions

amplified in vitro by PMCA, which produced disease after 199

days postlnoculatlon in the first passaga (Flgures 2D and 2F). A
second in'vivo passage agaln stabilized PMCA-generated 263K .

prions to prcduce dnsease at a.time md:stlngu:shable frorn that

of braln-derived. 263K infectious material. The segond passage
_of RMU-Ha' prions showed that the stahilized mcuba{\en period

icantly highér than 263K or 263K-PMGA material but shorterthan
HY prions (Figures 2Eand 2F). The differences remained stablein

‘for the i.p. route was on average around 140 days, whichis signif-

a th:rd passage (data.not shown) These restlts indicate that i -

some’ aspects, RML-Ha prions are similar to the agent in the,
283K strain but it other features are intermediate between 263K

Cell 134, 757-768, September 5,2008 ©2008 Elsevier Inc: 759
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Figure 2. lnfectwrty of Newly Generated RML-Ha PrPS" after Crossing the Spec:es Barner S ’ :

- RML:Ha Rrpse samples amplified by 20 serial PMCA rounds were ingculated L. or L. into six wa!d-type hamsters: For Séintrols, wi moculated similar quantltlee
-of PrPS‘from RML orthree distinct hamster strains (263K, Hyper, and Drowsy). We also show the ditacbtained bymoculaf:len ofin vitro-generated priang u-a-ough
-20 sena!,rounds of PMGA by- incubaﬁon of 263K (263K-PMCA) or Hyper (HY-PMCA). PrF'sc with healthy hamster brain homogenate and BML replicated at ex-
n_'lDuse Ll (RML-PMCGA). The figure alé0 show the results obtained by lnocula‘hon of the material produced after 20 rounds of PMCA with unseeded

'normal hamster brain homogenate (PMCA-NO PrP's"J A); and (D} shéw the survival curves obtamed after i ic. andi, p, inoculation, r&spechvely. ofthe inviro-gen-’

“erated RML-Ha after 20 Founds GFPMCA. (8) and (B) shaw thie survwa! curves of the second passage[’ ., amma!s wersinoculated with material obtmned from the
' brdid ‘of £lck animials in the ‘experiments depicted i {A] arid (O] atter i.c and i, inoculation, respectwely. (C) ‘and (F} shaw the average incubation periads of the
expenmenis done byi.c. and i.p. inoculation of various- -samiples, Thevalues correspond to the average + standard emror. The data was analyzed byANOVA and

the Dinnett mumple comparison post-test. Each set of data was compared to the results obtained wn‘.h the RML-Ha strainfand sugniﬁeant differences are h:gh-
Iightedwama.steﬂsks(' p<005"-p<001 and"‘.-p<0001) ND, not done. ) .

' and HY pnons, prowdlng a f rst indication that the- matenal ob-

talned by crosslng of the mouse—hamster spemes barrier repre-."
" sents a unique hamster -prion strain. . .
To furthef assess the charactenstlcs of the dlsease produced'
by in vrtre—generated RML-Ha pnons. we_studied in defait the
neuropathologtca! and bioghémical featires of the, braln dame

. age. Hlstopathologlcal studies showed that anlma[s tnoculated
© with RML-Ha prions exhibit the typlcal braln IeSIons of scrapie,
: lncluding sponglform degeneratlon. astroglyosns and l»"’rPSc de-

posmon (F‘gures SA-SC) Quanhtatwe studies of the vacuolatlcm
proﬁ!e in, drﬁerent brain areas showed that RML—Ha-mfected
hamsters showed the largest extent. of spong:osw. in’ medulla

and cerebellum and Iess damage in hlppocampus cortex. and_
..hlghly resmtant [ large PK concentratlons The rnisfolded pro-
© tein assoc:ated tothe new!y generated straln was more resistant

colhculum {F‘gure 30) This pattern of brain damage was similar .

dlfferent frorn that obtamed in hamsters :nlected w:th 'HY and

- DY (Fgura SD} Howaver the extent of both astroglyos;s‘,:‘
(Flgure SB) and PrPs° accumulation {Figure 30) |n thie medulla

of FlML-Ha-mfected animals was lower than ﬂ1at in 263K-sick’
amma!s and smllar to that observed in HY-anjected hamsters
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'PrF's“ obtamed from the, brain of sick animals after ini

{F‘gures 38 and 3C) ‘These data suggest agaln that the RML-

AHa prions are a unique straif with  properties mtennediate be-
" tween the previously known 263K and HY-hamster stra

Comparatwe studses of the, blochemical characte stics of

withy, RML Ha. 263K, HY, and DY weta dane by ana[yms of the

‘ elech'ophoreﬁcal pattern of the. protem ‘its suscephbll'rty {o pro-
. teolytic degradation, and: its resistance’ to denaturation. For
. companson of the protease resustance proﬁle, S|m||ar quantlhes

of PrPS" rom the new RM L-Ha prions and PrP®® obtalned from

the brain of sick hamsters :noculated wuth the prion straing
263K. HY and DY wera treated for 60 min with vanous concen-

than HY or DY and simitarty, {but still svgmﬁcantly more) suscep--
tible to PK dtgestlon than 263K Prpse (Figure 4A). The PK con-
certtration in which 50% of the prote:n was degraded (PKS0}
was highest.for PrPS® associated 'to RML-Ha, followed by
263K, HY, DY, and AML (T able S1 availablé onlme)
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Figure 3, Histepathological Features of the
Disease Induced by Inoculation of Hamsters
with PMCA-Generated RML-Ha PrpS®
Brain from sick animals in which disease was pro-
duced by inoculation with the in vitro-generated
AML-Ha PrP®® (first passage) or the known ham-
er siraing 263K, Hyper, and Erowsy were apa-
lyzed by histelogical studies. As a control, we
used the brain of a hamster thaculated with PRS
and sacrificed without disease at 350 days aflerin-
oculation.
{A) Spongiform degeneration was evaluated after
hematoxilin-eosin staining of medulla and occipi-
tal cortex sections and visualized by microscopy
at a 40 magnification.
{B) Reactive astroglydsls was evaluated by hista-
" logical staining with glial fibrittary acidic proteinan-
tibedy. .
{C) PrP accumilation in these ahimals was evalu-
ated by staining of the tissua with the 3F4 anti-
PrP menoclonal antibody.
(D) The vacuolation profile in each brain area was
estimated with a semiquantitative scale, as de-
scribed in the Experimental Procedures. The brain
areas used were the following: occipital cortex,
cerebellum (mostly white matter), meduila’ (spinal
S nucleus, mterpolar part), inferior-colliculum, and

RML-Ha

" Corsbelium hlppqca.mpus (CM and GA2 regigns), We alsain-
B Mot cluded n the analys:s brain secti frbm animals
[ Hippoeampin " inocutdted with the other- harhdter” pnon “strains.

.. R contex - The values repr&sentthe average’d standard emor

.+ - of the extent of vacuokation from tha-five. animals
- anaiyzed- inzeach -set. Statistical g\analysis by
. -two-way ANDVA with brain.regions and prion ori-

. ':gm as the vanabieﬂ lnd‘ cated that d‘rfference.s were h:ghly ﬂgmﬁcant (p < 0.001). To assess the sugmﬁcanoe of the differem_*:w between each knawn prien strain
' and RMt—Ha we used the Dunnett muﬁlple companson post-tmt. and lhe p values for each combination are shown ]

v
e, Lt ~ .

Another charactenstic we studied was the electrophoretic mo-
bility and glycosylation pattern of PrPS° associated 1o’ distinct
strains. The predommant glycoform for the hamster strains (in--
cluding the newly gendrated: RML-Ha) is the. digiycosylated
band, whereas moiise RML PrP®° shows a more even distribution’
ofthe thieé bands with the main one being the monoglycosylated

‘form. To assess the size of the protein after PK cleavage, we per-

formed endogtycosidase treatingdit to remove the glycosylated:

chaing (Figure 4B), Whereas PrPS® associated to the DY-strain .
" has a highet eléctrophoretical mabllity, no signfficant differences
.were observed among ‘the other protems Ancther biochemical
property of misfolded PrP often used ta differéntiate prioh strains’
is it resistance to chemical ‘denaturation (Safar et al; 1998).
Clear differénces'were observed inthe guanidine concentrations -
réquired to 'denature - F¥PS® associdted to different. strains:
"-(Figure 4CY). The concentration of the chaotropcc age.nt needed

different from the1.69, 1 .56, and 1.72'M required for the proteins

o 'assoclated for HY DY and HML. respectwery (T able S‘l)

' CPOSSIng the Hamster-Mouse Species Bamer
to Génerate and Stahdlze New Mouse Prions’
‘To study the barrierbetween these rodent speciesinthe opposife-

~  direction, we ‘mixed 263K hamster pnons with mouse hea!thy ’

‘brain homogenate. A§ before; when ‘a standard PMCA assay

' _ 265

‘Was done by d|lut10n of 263K brain homogenate 100d-f2ld into

mouse healthy brain material, we-did not see detectable genera-
tion of mouse PiPS® (data not shown), However, whén'a higher

quiantity of hamster PrPS® was added, we were able to generate
“néw mouse PrP®° (térmed 263K-Mo) that could ba propagated by

senal Tounds of PMCA to'reach a dilution of the hamister brain ho-
mogenate’ equivalent to 10~ (F gure 5A) Since there are not

_available antibodies capab?e of recogmzmg mouse PeP. but not
‘hamster PrP, we could not compare the electrophoretlca! pattemn

- of PrP®° generated in the first rounds 6F PMCA with the  profile of
- PepSe typically observed inmouséand hamster strains. However,

the western bliot pattern of 263K-Mo aftér 15 rotifids ‘of PMCA

* (when Tio more mbléculés of 263K PP are preseént) is similar
1o the one Soserved 'Tor RML and other ovme-denved mouse

strains, desplte a sl‘ghtly faster mtgratron {Figure S1A} ‘that wiil

* beinvestigated in more detalllatér, T assess whether newlygen-
to dénature 50% of PrPS® RML-Ha was 1.11'M, substantially.

erated Pri">® was indeed coming from conversion of mouse Pre®

_induced by 263K hamster o and not just spontaneous “de

novo" formatton of PrP% in mice, we did an expenment to ana-
lyze the possnblhty of épontanedus gerieration of PreS® and infec-
tivity under our expenmental conditions. Samples of healthy brain -

“héimogenats fiom tefi- different riice’ were SUbjected ‘to serial

rounds of PMCA ampiification in the absence of PriP®¢ seed. After
up 1o 20 serial rounds of PMCA, we did not observe de novo for-

. mation of PtPSCin any of the samples (Figure S1B).
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Figure 4. Biochemical Characterization of
RML-Ha Prpse
Samples from brains of animals inoculated with
-AML-Ha PrP*°.first passagse in vivo) were used -
) study the PK resistance profile (4), the relative
mobitlty after deglycosyiation and PK treatrrient
{B), and the susceptibility to guanidine denatur-
ation” (C): For confrals; we used samiples from
.. BML_or thres distinct hamster strains (263K,
Hyper and Drowsy). The results in {A) and (C)
correspofd to the quantitative evaluation of west-
em blots by densftometric analysis from three in-
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" To assess whether mouse PrPSs generated in vitro from ham-~

- ster’ 263K is rnfectrous to wild-type mice and to deterinine
" whether the lnfectlous properhes are being. adapted upon serial
. PMCApassages we rnoculated several rounds ofin vitro-gener-

o ated material into mice (F‘gure 5A) Despite the fact that the'same ;.

. .ameunt of PrRS%was incculated (as determined by western biot),
- - striking dr_fferences in the infectious properties were seen among
- in vitro-génerated piichs‘in distinct rounds of PMCA (Figure 5B).

* Only'twoof the sik hice inoculated with matetial produiced in the

first round of PMCA'showed diseass symptoms, which appear at’

a very long time after inoculation {around 500 days) (Figures 5B
and-5C). A complete attack rate was observed when animals
. were rnoculated w:th matenal produced after three serial rounds

_of PMCA. However the, incubation period was long {around 31 O._
. days on average) and there was a large d|spers:on among ani- .

5 mals’ (Fgures 58, and 50) The Incubation period became stable,
) short (around 165 days), and there was.llttle dlspersmn after the .
six serial’ rounds of PMCA. These ﬁndlngs |nd|cate that ‘upon .

successive’ rounds of PMCA. lhe newly generated pnon, after

cross'lrrg the spec:es bamer. is becormng adapted and stabilized

" tothe new host, a process very, similarto. what is seen aftér sev-.

.. eral. passages in vwo. The large dzspers:on of incubation times ,

. observed in ‘the tl'urd round of PMCA suggests, that more than: .

) one stram has been generated upon crussing of the’ spec:es bar-

rier and that successive in vitro an)pl cation leads to, the selec- .

tion and clonrng of the most efficient of these stralns. Theld incu-

o ‘batlon time for 263K-Mo after 15 rounds of PMCA (equrvalent
.. toaios"” d:lutron of the 263K ;not_:ulum) was around 165 days,
slmllar to the one produced by scraple—adapted mouse strains;,

. stich as RML, but different from that of the bovine. strain 301G
. (F'gure 5D). ln vrtro replrcatlon of the mouse stralns RML and

", 801C at expense of mouse PrPC. produced PrpSe wrth identical

. propertres ag the brarn—denved matenal reﬂected asan. indistin-

guushable mcubatlon penod Fi gure. 50) As expected mice inoc:

ulated with hamster 263K pnons did notdevelop drsease during
the time, of the expenment (>500 days} No- dlsease ‘was also

762 Cell 134, 757768, September 5, 2008 ©2008 Elsevier inc.
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'dependent animals. The. data represent the

. ‘average #standard error, The data were analyzed -~

by ANOVA and the Dunnett multiple comparison

C post—test. Each sot of data was compared to the

results obtained with the RML-Ha strain, and

- significant, differences . are highlighted  with,

. astensks["' p < 0.05; "_p<001 and *™* =
P 0.001).

&He

3F8

Gbsérved in ammais inoculated with mouse brain homogenatel.
} "subjected to 20 rounds of PMCA in the absence of PrPS, which
« corresponds tothe oontrol expenrnent for the de novo genera-
tion of, PrPs" (Flgure 80):

1 ! 263K—Mo mfécttous
matenal corresponded to £ new straifiof mouse prions, we stud-
ied-the histopathological -and biochemical features of the brain
damage. Animals affected with the disease produced by ingcu-
lation of, 263K—Mo showed exte nswe vacuolat:on in the médulia
and hypocampus and moderate but clearly detectable damage
in the cerebellum {Figures.6A and 6D). The pattem of spongiform
'degeneratlon -does not.comrespond with' any of the previously
known.mouse strains-studied and indeed is statrstaoally sighifi-
cantly, drfrerent to the vacuolatlon proﬁle produced. by -BML
-and 301G prions (Figire GD) Drﬁerences were also ctetected in

the extent of brain. mﬂammatlon produced by. 263K—Mo since .

. the degree of astroglyosrs was less prominent than the one ob— .
served in- anlmals« lnoculated with. BML- or 301 C. prions..
(F'lgure GB) The proﬁle of PrPS" accumulatlon consrsted mostly
. of diffuse deposmon and was. not clearly dﬁferent from.ihe one
observed in the othér.strains (Frgure 60) Then we studred the
. biochemical characteristics of PrPS? obtained from th orarn of
ammals infected. with 263K Mo- Electrophoretlca mlgratlon'
was assessed after. PK d:gestlon and .endoglycosi asetreat— .
ment 1o remove glycosylatron chains. The, PK resistant core of
PrPsc migrated slightly faster. than RML but sllghtly slower than
3010 with an estimated, molecular weight of 20 KDa (Figures
~TA. and 7B). These results mdicate that the cleavage srte after
PK drgestlon is different from afl, of the currently knowu mouse
stralnis. This is rmportant because it is thought that drfferences
in the PK cleavage site reflect disparities in the folding or aggre—
gation of the protein {Chen of al.-2000; Collinge ¢t al.,.1996). To
further search for l:nochemlcal drfferences we subjected the pro-
tem to proteolytic degradatlon by using various concentratlons'
of PK. 263K-Mo PrP® was much more resistant to PK than to
RML (Frgure 7Ch with a Png (the PK concentration needed to

.,
>
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{#) Schiematic.representation of the dilutions dons and the PMCA rounds used for our in viva infectivity expenmems
(B) Survival curve observed after inoculation of six wid-type mice with the material generated after several rounds of PMCA. “R”indicates the number of rsiunds of

PMCA. As a control, the animals were inoculated with 263K hamster prions.

. {C) Average and standard ervor of the incubation times and attack rates observed after inoculation of wald “type mice with the rnatenal produced aﬂer drﬂerentl

rounds of PMCA.

B Gompanson of survival curves for the stabtltzed 263K-Ma infectious material (afler 1 5 ounds of FMOA)wfdﬂhose 0b13|
|if_erent origin. We also.show the data obtained by inoculation ofin vitro-generated- prions through 20 serial ro

strains 2

i RML ana 301 C. twa mouse
PMCA by incubation of AML.

(RML:-PMCA) or 301C [301C-PMCA) PIP™¢ with heatthy mouse brain homogena’te The figure also show the rasiilts obtalned inocutation of the material pro-
) duced aﬂer 20 rounds of PMCA with unseeded normal mouse brain hornogenate (PMCA-NO PrPs") which correspond to‘the control for de novo generation of
pnons Fur an of these expeﬂmems the miaterial was mocutated i.c. as described in the Expemn rrta.l Procedures

degrad'e;-_ haff of the ‘protéln)‘ of 14_5.0 po/mi (Figure 70), much
" farger thari-the-values obtained for RML (240 ug/mi} and 301C
o (4_30 ug/ml} (Table $2). kiterestingly, the high resistance of Prpse

- is typical of the hamster priohs {Table S1), and indeed, 263K, the - problems ofthe last decades has been the emergence of'a new

. parental strain of the newly ganerated mouse pnons has a PKso -
of around 1700 '_uglmt : -

i addiion tq; the intriguing molecular mechanism behind the
species barrier, understanding this phenomenon has profound
implications for public health; Indeed, one ofthe scartest medical

and fatal human’ prion’ disease {variant CJD) onglnat"

by cross- -

- spedies transmission of BSE from caitle {Will' et al; 1996} BSE

- has not only beéen transmittéd to humans, THe" extensrva Use of

DISCUSSION
N P T . P .

" The: phenomenon of the species bamer by which the: agent _

‘. ggming fromi one ‘species can infect only-2 limited nuriber of
* ‘othier species, is'a typical féature of piion-diséases: The molec-

ularbasis of this process is not well-tindeérstood; but it isthought -

- ‘to be contrblied by the structure and folding ofthe prion protein

*"(Modre et.al., 2005; Vanik et al.,; 2004). As with the related plie- ~

' noménan of prion-strains, it is difficuit to indagine how an‘infac-

- tious: agent lacking genetic’ materidl ‘afid composed by a'single

~ proteln’ ¢an éncode the structural divérsity-and specificity re-
" ‘quired-to control strains vanabtltty and Specses se!ectwﬂy (Soto )
- and Castilla, 2004) . -
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h cow—denved materigl for féeding othier animals led to the' gener-
- -ation of new digeases in exotic félines, nonhuman frimites, and
domestic cats (Doherr, 2003). Worrisomely, the transmission of -

BSE into these différent species could create new prion‘strains .
with unique btologlcal and bicchemical chardcteristics and
thus a pofentially new hazard for hurnan health. More fnghtemng
is perhaps the poss:bmty that BSE has been' passed intd Sheep

_and goats. Studies have already shown that this transmission

Is possible and actually relatively easy {Foster et-al.,1993). The
diseass produded is elinically- similar to ‘Scragie, but since it

- comes from BSE it fias the potenitial to be infectious to' fiumans.

Another concem is CWD, a disorder affecting farm and wild spe-

‘cxes of cervids (Slgurdson arid Aguzzi, 2008; Willlams. 2005). The .

" Cell 134, 757-768, September 5, 2008 ©2008 Eisevier lhp: 7683
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