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Fig. 2. Binding of antibodies to coating

antigen in  ELISA. Various
concentration of anti-pS43-hPrP
(39-50)-Cys'BCIP mouse serum were
incubated with pS43-hPrP

(39-50)-Cys-BSA Q)] or hPrP
(39-50)-Cys-BSA (O) as coating antigen.

RBET. VUoBIEEY VCEED
pM&MﬂW%ﬁ@%%ﬁ%K%ﬁTé??x
BAIY—=2T L, 21ED~ U A Z4E%
EZL. Y VBt ) Vv EREMIGEER TS~ Y
A", BRLAEMAER LEZ1ICD~T R
(Fig. D HKAEE L, SHBICRREI -~
7 262N U CHME 2 RE, fFE TR
L-fgfigE AT~y RE /7 m—F Vi
BEAENATY F—~ OB E{T o7,

NATY R—<REAT HHHEIZELISAT
BEHARONTF FE2RE LB BED I 0
—= 7 ERVIBLTHLEE L g — R
Bonieholz, fLisMs EH Lictho~y R
ZROWTEEOHRME 2 VIR L7, Rk
WERELIZ/a— VBRI TERNoT2Z L

b, UBEOERICIIMEEZH W,
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BRGEHICHAR L /-fMiE X, ELISAT
EFEHREpS43-hPrP (39-50)-Cys-BSAIZ% L
THLAAH100,000, hPrP (39-50)-Cys-BSAIZx}
L THLUEA50,000% 7R L7z (Fig. 2).

2. A )7 ay MEIZ X HpS43-PrPScd i
FAEL L -5l iE 2 AV, PrPSoife~ v A%
LK DpS43-PrPIzxt§ 5 RUSEZ R~
BPNIZ R 7 L A ¥ —(obihiro#R) Z EE STz
<7 AL, ZOMPIIPrPS2ER L, 4-57°H
BICETT 5, RFRTIET > FRA > MEAT
DAMNH T U A BRI S H PrPSckBefii
WRR D H % B 5 U 7= % R (mock) 2 FAEL L |
A 57 ay MEIZHAWEZ(Fig. 3), PrPScgi
B B Ot BB & % 12, 6HAHUR S 3R 3~ D a8
AR IADOPPICHYE T 5 FERLE
(Fig. 3., upper panel), MfEMEICAN-~T
A HRFUMIEIL, ELISA & FRIC, RERIC
AW Y) VBt ) 2 ETpS43-PrPZ A A
J7uy METR#EL, 35 kDaD v F&R
L7z (Fig. 3., lower panel), #LiiE 85T 5
Z DY RiX, FEEH2AD N B LR CIKEL
BIZRD bS5, 6HAFAIZ el LT X Y B
MeieNy RERL, BEHIAZEDKEINLEIZIX
BT ANV FBRRENBD 0T, Flo, MR
f¥(lanes 1 and 2)IZHE LT, PrPSc@&Yufki T
X\ F%7R L7z(lanes 8 and 4),

3. HipS43-hPrP (39-50)-Cys-BCIP=7 kY
ERENOE
~ U A & [ & & . pS43-hPrP
(39-50):Cys'BCIPT=7 b U 2P & R&E L,
ELISABY UM &/ 7y MET, SARLE
g O RIS E T/~ T,
BELZ=U MU, IRETREERGUE
Mo ERERL, EIGRERICTHAR L -H0LE
i . ELISA T 8 #i R pS43-hPrP



(39-50)-Cys-BSA iz xt L T Hu & i 77,000 .
hPrP (39-50)-Cys-BSAIZx} L THiAAfi63,000
ZRLIz, £0. 457 7ay METIH, 3E
RERFOFME CIXARERN Y FRELRR
molz,

1 2 3 4 kDa

6H4 §
(anti-PrP mAb)

anti-pS43 hPrP (39-50)-Cys-BCIP
(mouse serum)

sample mock  PrPSe

Fig. 3. Immunoblot analysis of mouse
PrPSc. The mock or PrPSc inoculated
mouse brain were prepared. Brain

homogenates were subjected to
SDS-PAGE. Mock (lanes 1 and 2) and
PrPsc (lanes 3 and 4) were detected with
anti-PrP mAb 6H4 (upper panel) and
anti-pS43-hPrP (39-50)-Cys-BCIP
mouse serum (lower panel).
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AR TIIEEFHERIERRFEORZEME
ERHEMRT D720, UV MiER £ OB kEE
R 2 75T 5 B D & B PrPScDFHME HIE
DOHeSIZ BRI E L, PrPSc# EMICR#T 5
FUADBRRICET 2R EITo 72,

PrPScdEEAIZITE® Y VERED Y VER(LAE
E. L. cyclin-dependent kinase 5 (Cdk5)23t

FPrPCONSRA43FEDE Y V&2 Y VER(LT
5L, PrPSe~DIFEEELRESNI &
N4 ST 5 (Giannopoulos, PN.et al,
2009, J. Neurosci.29, 8743-8751), t ~PrP
DONIFR43FREINLBT 5 ) VDT I
J BESIXIIHERM CTEEIRFSINATEY.,
YUk SN Tz43FEE Y v (pS43) R EH
T AL, vv, vV U RED
PrPScZ HEACRZETH Z LB FRI NS,
BE ) VBT oo U BRNCRET S

X DHEPMOENTNER, U Bk ) &
BETAIEDRFABIINELEE LN TR,
AR TiIpS432 Fiek RPIPRTF R &
R L. pS43EfEDT I J BRI % R EAYIZER
BT DM DIER 2R AT,

< 7 A %pS43-hPrP (39-50)-Cys-BCIPT#
= L Pl LR Uic~ v 2 DR 2 A
THREAZITo N BRE L v — 28
MTCE oz, BERUEMD EFIZ210L
RHICIZ & P E Y | OREFREDK X AR
Ehiz, UL, Bon=iiEiIEd Tay
FikizRL., 4 &/ 78y METpS43iLfE
DT I J BRELY %3R5 L, PrPSck U'PrPCIZ e
REp v RER U, $72, PrPSoiyefiic
HLTEDENAY FERL, PrPSiiE~
DOF AN REB SN, pS43% & LePrPIIkE
$2AR % ETE D T, FHHIAROBEHA 2N
BTN RO b o7z, PrPOYE
S TE L pS43ITfT B ) DOFRBIVEA & 5 FIREME
PRI, REEE OBELZ ED T, SROM
ROERPHFIND,

ABFZETii~ 7 AHME % AV TPrPSez &
H L7, LA L, PrPSREMDOFIED D720
b, EBICEL OFIBERIET 2 LER
Hb, TOM, BLY ER(L L 7=PrPSoR YLD
A 570y MESRRERIEIEC X S A
DYREIZLDICHBENVETH D,

=7 kU #pS43-hPrP (39-50)-Cys-BCIPT
% L TR LN RMLIE DR RMEZ T3,
A 570y METIE Y AHULE L RED
EREGLNR o, v 7 ATII21EH 1L
DHTHBRHFMIENRF DA, SEIRE L
== U kYRR EpiEERS R, RERKD
SET, +CHAMN LR Lirdo - wleetE
BE, =7 b UPrPTIX TN TOIFHIATHR
FENnTWht hpS43BEICHEYTHT I/
BRII7T VX =T, REREIKBENPRRD
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L, EULAZEEZVRT I LIZE-T,
v X L REREREO R OHMLEORED
SN 5, REETTHICHEMERA EF L
=U Y EaE RV, £/ 7 a—F A RED
ERGRA D,

AFETII~ Y AiiMEE AL/ Tay b
HECAWER, BEREEENAT ) F—<%
BOICE ol BRAFREKEICL S 7 v —=
VI TRERO—VUBRBORRPoTIE
S KREEZXAFALELR—REZHWZaD
——WREC LB I u—= T ERLDTE
Thb, £, Ty M) U EHREE LGRS,
F v bEJ 7 a—FNAHEOERETT S,

AAEEIIE L DPrPSBge~ v Afpia Bl =
Enb, WAEEXPrPSRZRER L LT
RV, PrPse 5 EMICRHE T A ADERE
RHDb, Fh, REEToLEMFEL LT
pS43-hPrP (39-50)% AV 7= ELISAIZ N %
HFUEICPrPSei~ v R B & AV, Ko ZR
BB BEORLEZ T EL TV,

BSBITAT LA E—D7 T AMABREIC X
BIEEERAITV, AT LA E— RPN Z LR
LLE=T N ~DRFBIZLDZERES) 4
EOEBREN=Y M HIEORBETELT
W3,

A THPIPS D PR R % B0 L
L. TNHICETHERHAXELLTE b
pSA3-PrPeusE RO IERL, ~ v A FifiE TR,
2T ANAT Y F—e OEl, =7 b U Him i
OFBEITV, PrPscfe~ 7 A& A
KTy METRIER T, Bbh< D
AP L, % 2AE T BPP & A R
BHLE, ThoORRIT, $72PrPseA
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Current Situation of Prion Risks on Biological Products
- Points on the Consideration for Prion Risk in Artifical Blood
Products Derived from Human Red Cells -

M 3L 20, FKIK SRR ©, M AR S
Mikihiro Yunoki ®-*9, Katsuro Hagiwara @, Kazuyoshi Ikuta ©

AR

EEBS % EE LT 514 T EERP L bBRS % BE &+ 5 S ERANC I BEAERIREOBRIRA ) A 74
BT D, 20k0, BETRICBT RS EOHA & HE TP OBREERREOTEL - RERED OFEARD O
nTWA, ARETIR, ¢ MLBEROKMRE FBE 5 ATBEERGL PO, EETREBRIEREEOVEOT
HH7UF YOMBECHLT, 1) B¥2ro¥g, 2) GOERTRELORTWARKR, 3) "M AEEROT)A
YIHT ARENKRFROBAK, Lo THET 5.

Abstract

Biological products derived from animal materials and human blood theoretically carry the possible risks of contamination with
infectious pathogens. Therefore, to employ the safety measures against the risks during manufacturing process, evaluation for
pathogen inactivation and/or removal ability during the manufacturing process steps in individual products are required. Prion
issue is an important risk factor of the biological / blood products. In this manuscript, points to consider the above possibility
such as 1) epidemiology and background of prion issue, 2) safety measures against prion risks in blood transfusion and blood
products fields, and 3) current situation through several researches against prion risks in the field, are summarized.

Keywords
Prion, Biological product, Blood, Safety, vCJD

1. EU®HIC DEFLWRL, WELREZ 7L Y LALT, ZORADY

REEELRD LT 554 A EEROERN 2 BEFEILHE
VERTHEY, BRCHEBARORBEARAY 27 PEETHE
BT ARBEEREOTENL - RERDOFMIZMT 25 OH
RAEK SN TwS, MEEHCOESERFICOVTS, £
COWMERHENER, HINCLo THELNLEEDARD
ERYH D, —FH, FLOEBOMARBYIRAREELTHS
A, ThoDY A7 FHEIMERROKRKELIIHHLE
5. TOX)RBEANE, FORAERLEBL LTS
FEERZLME - ARSERFTHLALARNLEDT RS

A7 % EET A LENRD 5. B/ TREHERRERLODEAE
MO—oThHY, HAROBRMMABHEENORMEKZ FHETHA
TREEREL PO FEERICBTE 7)) + VHEOR
RiZOWTHEHT 5.

2. BSERUVCJD DHRE

19864, EEIIBVTINT A S TR WHRER
PRT LY VOEBNARITLTVA I LA MESNA. 0K
BIIESEH (Mad Cow Disease) & —MEBYICIRE S hi=2sf, #
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MWICXEEREEHRMAE (Transmissible Spongiform
Encephalopathy, TSE) @ UE2THY, v ¥ iEMIKME
(Bovine Spongiform Encephalopathy, BSE) & &fFiFHhi.
ZOHOBSEREDEEAD, eV VDTSETHBEA7 LA E¥—IZ
B L-EAFEFECAEROB/IUCL 5 &2MEH S, BSE
WEDTSEDERPRICE ABREI Lo TEL A Z EHED
h. EEOARBELRE, EENOREER»LORE
WMERRTIREL, VILEE= Y o IHELEATLE
LiCkY, BRBMITOEAKENLL. BSEIZ£H RV
FI5EFBEEINTTY, ZOIREAEFEFRTORLEICL Y
¥ 019924 %V —2 (EHRBEEHMHI7000H) C20HE
A LA (Fig D'Y2.

BARIZBWTIE 2001 E I BSEQEADNO THERA SN, *
D%, EELFBEOLHET= 7)) Y VRIEOKA L £HEREN
A SN, BETIZ20104F 12 BRETRET36H OREIHE
BIhTw5BY,

LA, 1996 EEFIIBVWTIRE CICHES ATV
WEEXETZ704Y 72V Y37 (Creutzfeldt-Jakob
Disease, CJD) 2#j&a&hs. ZoOHFLVE bORBIEINT
TOHOCID L ILEVWEERTHL I EERTHLLEh, ER
M CJD (Valiant CJD, vCID) ¢ &Nz, TDvCIDIZ
BSER#BIZIZE ALV RETRER SN, £OMTNNT — V28
BSE®D/t % — v EHHEBMBRICH BT LB, vCIDDORERDS
BSEREY VHEOREHOBEICL2bDLEDbLA. 20
vC]D 2 BSE R & RBIZHIT - AT A LB EEH
LARRTIZEST, SHROBERATORBEHIL2214
EhoTwnd, —BELRELAEETIE2000FEIC28FDOR
EFE—2 L L-BARAORE74% (B, £F4H), KV
T75 v AD2005-2006 ED 6 Fla ¥ —2 ETHBE258TH
o7 (M1)*, ARIEBWTIZ2004FEICvC]DEEN 1 &
(CEEEMER) BEL T3,
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Fig. 1. BSE & vC]D O #fifi#i@ (5IA1 2) X higH).
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3. EREMERRAMEORANE TH5 7+ EA
CID/vCJID, BSE, Scrapie 2 &'® TSE DEEWRIZOWTHE
ROWBBRSFFH o 722%, 1982412 Prusiner B 7Y # Y32 4R
BLi-C e T—ENONEEEY. FY4 > (Prion) &I3EH
HORPHNTF &) EWTDH 5 Proteinaceous Infectious
Particle DM EETH Y, COBRPMEEEFEITIAIVRE
ERB Y BREBRRERLLVWEAEEOLDOTHA. L MOE
HERIS) 4 »EH (Celler Prion protein, PrP?) {XCD230& R
LT, S208%aFI PRNPEGFELTI-FEATWVE™,
REAEL L TOREE 7 4+ Y BARRY A VAEONEEY
BTi%L, BEOERATBEZRZIETa~N) vy 7R v F
LEEE L TWAPIP A Y — M) vy F e b, BH
SR FIEHM (Proteinase resistance prion protein, PrP™)
DOEEIZTBRL-DDOTHE, ThEEEE )AL EHELR
&£Y, PrPeoBEIZ L ) EOEFHREZ~OERERFLCT
v, ZOBEERIIPIPEREL LT, GROPIPYIRL
IZPrP™IlE L B8 - ER/THHOLEZLATVS, I,
BT AV EHIEBER TR ESHFLLTHEELTYAS
tEZ LN, HFEIONmUTOEAEIZBREEI 2, 20~
25nm DR TFEDLOVE S BREEIBALORENHL”. &
ERBEARIZOFERODICHEEICRSE - HEL, REHRO
RIS Y FREERPT LV O —BNRERTHE. Lk
L#adts, TO7)+ Y EFRSELNEBERRER LV
ZEDS, INITOBMBII—AFHRLEILICES. 0
ST A YEAR, BABEOBCERVWTEEREZN D
DTHHIEhs, FLOBEEREAOBMEHIT ZITHEILT
LTt

4. HEORB

BSE & vCID HBAEESEH S - B, SEXPLELA
ERELELOBSEME*BUERT IR LR o7, EHIT,
BEMHT) T VEAEIRATREZICERETHHETTER
{, 21COF =7 L—=7RBEICH 2 2% EPELLHSERE
Thorobhb, EESERIIBVWTORELEEZER LA,
EEZIZREFF A TN R EY S HROBEMEIFHS (HE
BEhTwaZ Enb, BHKOBEHLEBIZ T4 IZET5
AT ADFERITRIEE R E I hoe. BEHBED,
19964EIZ A — A — I LTy YHREMBOFREEE REE
DIBE KDY, FLTTVF V2T 5 A7 5% 2000
FIRDED, A—H— 3 OBSEMBICHET &L B,
ML H DIV TIRY YHEUNDOEB~OY N BEL 21T
AN

b AESEBE R L T ARARERAIE, FoRALT
BTRNIGBHEHEEIEA SR THERY, £2C, I—0
v 23DBFI LB 1998, 2003, 2004, 2009, 2010427 )+
YOURAYFEICETAREBFEBH LAY, BRIZBNT
2003 FEICEEFBEL Y 7)) & VAP RELBAS .
CHERT, TUABHEYHROERERPLOBRER DX -
—REEARERMHAIRTWLIEO T F Y BRERED
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OFEEIT, PECKBLTT VA w33 A2 EBRO:
DI, YYREEOEERH - LIROMALERLT:.

5. CJD DiEs

L rDT)F YRR THBCIDITIZIMEMECID (Sporadic
CID, sCJD), ®#fk (#&fz) % CJD (Familial C]D, fC]D), E
B CID (atrogenic CJD, iCJD) # L TvCJD#4%%%. sCJD
255U DL MCHINFAIZ 1 ADEIETRETACIDT
HABH, Bl XEFBUTOE F— b FREREFAOREIIHREL
TR, EERANOBRE ) + Y EADRA) X7 HW
bODVEDIZ, WM E D & T 5 MERAIH 5. BIMEIC
VCIDWEE LTV Z LB LA Fr—HROonERA %
WS hA-BFAFrEECHASIL, AFITERE 48
VCIDICREELALZZ SN TVEY, 2010EQO WHO RBET
e POEEREEESGO AT T IS EER, vCIDD
BEH Y, CIDIBEAELZ L LHAKSRTHAEY, B, %
BTNEAREZLE= Sy FERTWwA. RE, BELE
MERBEORERE T2 s, BRICEER Y
BEAFRREINAY. COBEIENCHEERTZRELTY
Lol b B 6T vCIDIIREL T, XERRRER
(Health Protection Agency, HPA) RUXEESEELE
(Food and Drug Administration, FDA) {ZR#% 1 L 725
FOYVARAZ URVOERE TR o772%2 ZOBEFIIHND
HN 2T TR MEFERAATL YV A ZVBEFET AL %R
T LIlho7. 20104, BCROBBUFIIEhER, A—F
—BERTARHNDIRAIFTLAA L MIETATA ¥R
(MER) 2RBELALVSD, $, MoOEEEBRSEE LTHE
B, v MRTEAOREN BERVECRY), BERE
PEMBEENLTCORSEIZDOLN TR,

BATIEHCIDOH -4 Ty ANEHINTEBY, 19994
75 200E X TOMICHEE LN 1324H DO CID I, sCID #¢
101988 (77%), fCJDH%220% (16.6%), iCJD (£HIEER
) 28081 (6.0%, HAMM %Mz 5 L#RET1384)), vCJD#°
18 (01%), FETERCIDM4H (03%) Thoio™.
CORTERCHMIZEAVAINHELELONANF—L
N HBDRICIDEVCIDEZERRTH 22%, FWELLOR
FICXHICIDBEN VIO AMEEEEZIERL TR, B
EWZWRVCIDDY A7 2 BT ALENHSD. BARDVCID X
BREATLIHATHSA, EEEMICHRLTVCIDICRET S
YRz E, FOREEIRILL, Bz 8L TERNCREDIE
KTBVAZEZREL-EZ A, 2007 F TIZ006 AVREL,
R7PV IR BRATZLARL DI AOBRERBTETE:R
WA, 2ADEOREEBODTEVEVWIERPEB O, K
CEMLC L A BRETRIThRE. EFATHIE, 1) 199504
W20fCRT P OREEN1BEEL,
BRI AR L 2B EFE L, 3) Hinomn <03,
4) BMmBEDH B AREINENREDS 5 AOBRMEIRIZERL
vy, 5) BIMBEREFOBTERIIEML 2V E VS £G4 TER
L. #0#E, BEEHIV03FETAIIY—-27%20%, B
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2) BmBREIC X Bk

BREEBOEMIZ2010EROFETIZIZRDL Y, 0563 AL
WARRELR o, ThEDERPS, HEDBSE/VC]D®
EEIRIREDHMRAAKE ELEVERY, 2010 FEOHAR
CBITAHIMICE S vCID BREFREICRE T S WEEMERIEE
CEWEEZLRED,

6. MAERVMABRSDY T EZDERR

TVF )R DERMIREIX, BEICLE) XA IHERTH
5. BT, BARATRYVICHLTHRTLAZ R WEBKRE
2iToTHY, HRMIIERLAVOREER > TS, 2
RIZMAT, BOBR, BRERDE=Y V7, 41 X5
REB4HEHE, BETORKFERCTEFROTELLY, %
COREEHASDOELILILI > TEOREEERELTY
5. ErOVCIDIZDWT L7 Y OBE L ARICEROBRES
BECRMRET 2 HEERETILENH L. vCIDKRE
DEELATELIFRELT, EHFBEZTHAVLY
ELISABERRESIATWVAEY. L2 LMo BELEATERT
CID/NVCID AR L RAEFHEIERATHESA TR WD,
Mgk ECHRmMER, f/bR, B, mMEOEMTTE
LT EL, FUA CERARMRELCERETALELZONT
WABI END, MM HENERICET2ELT) 4 &
VR ThhHEEZLOLNS., BIIZL 2 vCIDER) A 7 DR
WRERLDLENFD D, BOFEEOFICCID/VCIDY R ¥
FERSCHIMBEAL LTEELRLOWERLEREL, P
—DEBELFERELTS. T, BORBET AN =27
VA VBRIHRED S L SN, FOHEIHEEINTVS Y
DL HH5T, MEFTERAOFERE L 2MEICOVTIE, B
6 » AOBEBRELX T BB EARTEESI S A—H—iZ
pHashazbicky, o (BH) BETOYRAZEBEET
2Tw5, BiZ, MEFEEMOEETRIBVT SV %
BETATIELBATAIIEICI D ZFOREROBRIEDT
‘”62‘!)‘

7. ALEEREME

RAERRHESED LR TWA ATEREREOERIIVC
DhH B, FNELIFL PRIOKLYATIOE L 2T -
BRL-EHE - BBREOL AT ZaE Yy (Hb) BHZE
Bel, BE_EETQELAYRY-LABMIRIESTEVE
ZUiEEHT - PEGIBSIORE L 5%, b PROFROKE 313K
8um, HWHELAHEM4mmAOKEESTHY, Zhi/MMak
ISR LB /N AEEIR 200 ~ 250nm Tdh B B*. Thb
DEREIZHEb 2 & PRARISBTWEZ &ML, FF—H
EDOBECDOBANERNZIVAZEFLELTHEET S, 20
ATBEEREICER S5 Hb i3RI+ MBEEE & LTH
Bansd, HhOKEEHW4 mmlc/H LT, BERTYV 4V
BAESFOHFEIIN30000, BEET) + yEEHORFIZ
1I0nmUENESKY LEZONS, HbOBRITRBIZBIS Y
YA vBREZLESEENOEETRCEAINATWE 7Y 4
VBREFEFZRETRTHLEEZ 0N, ATBREEREOR
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Fig 2. REEGALEIC X 5 263K #hBH AR ¥ —BERT f 70V =7 VESONFEEL (SCER30 & HEIAD.

BIBCT) 4 Y REIEZEAT 2 CRBRARP HAETH
Y AR T2BRICEATZ2ONEL TS,

8. TRIMi*#175 LTNT Y+  HEERREDHE

7 4 ViR ET 5 TREHEZ 1T B8, BREEMORE
WEHEE LTRRT L EHX—RNTHS, 7Y 4 VR
#0112 BiR T V% — b (Brain Homogenate, BH) ZAwTWw
7, FOBEHBBBEELMATEES (Microsomal
Fraction, MF) 2EicfEbh s &y chkol. A%, LR
CEWA T F YRR BRSO B L MR b I L
WLy, LA LRSS, mlds TRFEECHCEILHFT
XZBORBBMTYVF CEAFBALILIIRETHY, IO
MF%2EEHEIH /A, LA Liadss MEIE TR2FMICH
WAEMHE LTRBLSRADOTREEDP-7

FITERSBIE, YV DORZ L4 Y —# (Hamster
adopted scraipie /vA & ¥ — 263K) & AWVTZOMF DR TE
WwEE L-TRHEMEHEE LToERE2RET L. MFOF
KR FEIH00nmBED o 2 DIIH LT, Sarcosyl ®
Lysolecithin @& MBI & > TERMET, #2000mEATO
FHRTFEICTDHIENTER, YA VARELICALRS
SDMEZ A\ 51 5 Tri (n-butyl) phosphate (TNBP) &
Polyoxyethylensorbitan monooleate (Tween80) Z#AH&bH
STERLEMEL 2\ PHRTFES 200nm LTI HRE 2
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Fig 3. BT HMEIC X % 263K BHe A A ¥ —REBAR<T A 7 0V —< n
Ao FEL{L T30 L 5.

7. Zhiz¥ LT, Polyoxyethylene-p-isooctylphenol
(Triton X-100) RFHHFECEEBES L 2do (Fig 2,

3)® . ¥/, MF#PBSIZ#®ML 220nm, 100nm, 75nm,
35nm, 19nm, 15nm D 5BETAHBLAEL A, 100nm &

7Em O ABEOERICBVWTBERALBNDEETREDR
(B*E# %, Log Reduction Factor, LRF) [CEHFAELL
(Table D®. “HT & kY, TREFMICAVS 7Y A VH#
11 Sarcosil # Lysolecithin 7 ¥ 0 R EE HH L8 < B H 0B
RIFOEMNET LI EAEL IR0 B, BERLAE
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Table 1. PBS 0 263K BkEHFR 7 ) 4 Y BRE (T30 X b 31A).

PVDE7 { V¥ — Planova” 4 V& -
RBILE 220nm 100nm 72nm 35nm 15nm
BEikag ] L by ZL By &L HY L bY 2L
%8R 4.2/3.5 35742 42135 3.5/4.2 4.2/42 35/42 42/42 35/42 4.2/42 35742
»iE% 3.8/3.8 3.1/38 3.8/3.1 24/3.1 24124 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0
BREBEH 0.4/-03 0.4/04 04/04 11711 1.8/1.8 22.5/23.2 >32/232 22.5/23.2 232/232 225/23.2

YLAYrTUvT4vS (WBHE) ZX 55E.
# {4 Non-detectable endpointikiz & » TR 7 # Log, fETRL .

L2=MFIIEEOTIH %L, T Y VK5 288 IR
IRICIED B EHTE LD, REFEALE L MFIERE
ERFPBETLZ LML IRY Y 7ARUEMICE 2 588
PEETHILENDS.

K, ZOTYF MBS TRFMZITO LT, MEPOR
BEF)FCEREFEIITRE - BRI TwErEWVIH
HEH5., BN TvCIDAMYRET AL HEINTEY, [
THRE I IEREEATHA TV vV EEVFEENAZ
BRFHTES. L2l omBcidBREE7Y 4+ v EEFME
BEE & LTEShE20d, FREDTBLESE LTHEET
OOV TRABLEEAHXS V. b mEsERA O
BEITRICEASINTWEY S VAKREE (PHEAE 150m)
BEWT, EBORNELAGELHEH LTSI EAOKREERE
FEHE LS. Z015nm DABEIZ A A ERKSFICERD
BTt RTHELILAHELBONE LI NVABREERTD
., TOBEMRBIZXY, vXIRYyTuvTr4 vy (WB) &
CEAEMTARPORER ) 4 VY ERIRBRAUTICE
ThEEN3SLog M LORERBEER LA, ZRIIHLT, B
MAOEBERTIIAEFORYME 7Y + Y EHIZ40Log Lk
OBEREEFRLALOD, —HOY » 7V TEREEZED .
HICZ D 15nm A% 150,000g, 1 BEOBRLBEZITY,
Eon EBES EEBREMIOWTREEREFT 72, IO
BEOEGFRIVA VEAZBETIRICRAS ATV A &4
ThaH, BAREILEAHOESICREMIBDOONL
(Table 2)°%, BRESHWOREE Y A — b OBELOLFICRE
BAEDHONEZ LidBerardi 5 ME L T B2 H, ZOL
BEHSCBRETAREE 7V A VEAF 5nm OE L BAT S
SEHTERTHAIEEIFLVARTH A, —F, Silveirad
13820~ 25nm DEAEF RS BREENE L, 10nmUATOH
FIRBREEREDONE P o R EBRELTVAY, 15nm D
YA NVAREBREZFOILEIGEVETFEEETH/VET L N
R PEEBEHLABI—BOIA VARELEICEDLNE S
LABRBRLTWVWAYY, 15SimUToORSIORESRT) 4>
BEAEALEAEL-TRERS S, —H, VCIDBRETIAD,
FInEk, Buffy coat, M/MREFMEE, MREHLIEE~<Y AL
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Table 2. 150m A8 & 2 BHB 7Y + » BAOKE (THR30,31 & H 3.

Lysolecthin & 08 & AL 7263K ABEENA263K

wB (i) BA (%) wB (&) BA (Efh)
%A 6.1/61 7.971/8.30 36 RAE
2tk <2.6/<2.6 <3.25/4.30 <0.8 I
BEFwR 23.5/35 24.72/ 4.00 22.8 NA
R0 TR NA NA <10 RAE
Rl Lk NA NA <1.0 RAE

WB:9TRY IOy T4 Ik 55,

¥ 13 Non-detectable endpoint #:iZ & o TRz Log fETHR L.

BA : BiWEERRIC L 5 TR NI EHEFE.

ERFMEIRBERY Y 7V 2B v—B 6 EOFRS S KarbarBEIL LD,
#1ID50 (Log,) HETT L.

WS CTERL 25, RIMIEH I ITREGEHEE
BHoENEPo7 DD, FRUNOYT Y TN FTIZ BB H
doohz". ChooRREAC T TERNIEBLN AR
THhh, L MIUFEPOFEABRRLIERE L AL DOTEEVA, B
S F VEHICNITICASRATWABEKERELLTD
FEBRICMAT, mERICATEEFRE M2 ES (R
72512, Soluble like form& L7=) & LT HFELBLI L%
RETHIELERST.
FRMFEERETI2Hb2ELLEE, BALTLE2SY A
YELOBEEE LT, BEE (#48) & Soluble like form D7
VA VEADLOOHEERRLE LGRS, ML FEMKICHER
W7 B & U8 Soluble like form DHFEBRIBRHICEZ LN D,
BEFMABICHATWAE TN Y HEIZEOTA2EATY
BIENEBRREREIOTRINTVAEDT, FHEERIAHFORF
EERERBRLA-DOERDRA. LAL%ZAH, Soluble
like form D EEME 7 ) F VY EHOERLMPEFOBREHETY
T CERAOREERA LB IMBRBLAELRVWDT,
Soluble like form DFERIZOWTORLZAHFAENRKD OIS,
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9, ITEME%2THI>LTOT U F HORE
BAETREMHICIIVCIDDEFVE LT, 263Kk &ASEIC
FHEATWS, ZhIZ263KHEARMICh ) 7Y F Y HF%
CHWLATETHEY, FEFEFEILL T2 &%, BSE
2vCID OEWBI LA ol &L B, LALLERD,
263K #% SR IZ AV 535413, BSE#k, vCID#OFEBS
MEER (PK) ~0EREEOMRFELTREESSHLIL %
ZETHLERED S, T, BHATEF A APRERED
7Y F viERL (RiEf) CELTY, 7VA rEEHOFOE
KO LEBICFDERPREETLILENH LY. oD L
e, vCID®BSEDEFNE LT263KHEAVAZ EIZX
LB TREHRERPTFMEE L TERL TBINET
H5b.

kEHR+TFED Akimov 51X, vCJD D~ B R U
HEELBILEY. RAbRINKEBEERMLEAL,
vCID # IRV /- SHERBE A B L vCIDDEFNVELT
D 263K DB LT HRFTEED TV S, vCIDRE~Y
ZBMERDOBEHNE 7Y 4+ R E BT 150m A8EIC &
LPREMIVAVEAOKREZEEZWBETHEL L 2 5,
28Log DRERHEERLEbOD, AWRFRER SV V&
B 30H7 (Table 3)™. ZORER,L, BLHETHBRLL
Sk v EBWABERTIE, 263KHkd, vCIDHRLE
BoAB (BE) BEEsRTIEELMIIR-/ LALE
256 263K i TN F TWB LA T 15nm A& H I i3l &
NEENEDP 70T LT, vCIDKRIZBRB IR, S0k
BRRHEEREIZL D50, 263K#kE vCIDREERDEE
B 4 v OYEOBNCE 0RO, BRATHET S
ZrETELR. BREMEZESO-EMEZEICRETALENDH S,

Table 3. 15nm %@ X 5 vCJD RUF263K % - BFRQAEv 70V —
T LVESBORER T V4 BEADRE.

vCID 263K

%85 3.1 42
2@k 03 <1.0
BEER 2.8 23.2

PXAYYTOyF A7 (WBE) J X281,
¥4{# 1% Non-detectable endpoint#iZ & » TR =4 Log, BTR L7

10, DX 7FE%T5> LTOEER
TRFMETI LTOT) A Y HBOEESILBORY T
55, BEDYAZFEEZT IHlo THMIILFET
X Epss. TF, BEOY) RS FMiizVv 2rOEEOHEE
RICEoTEBETHEWV) AETOE. ATREERGD
YR EEETEES, BRI 55 & TRICH T A8
MEREZD. FLTEFOBHEZHESNLBEIINTSIA
Z e RAT74y MCETEEREOHBEITIZ LIRS,
BRI AEMIE, 19y FORMAFRETL-OORR
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(RER) CRER ) 4 VEHAMRBAT S EREFNICERE
FHIEIESTITS. BE, HEATREMZLSVCIDOE
SRR IALEZLATVNASY, BE, b MABEPOVCID
OBREG*EEMICHENT S LB TE VY, XETR
vCIDIZER LTV 5 & Bhh i slee s 4 FiaEEL
Wwa®, yCIJDBE< ™ A O Buffy coat, FRMEKRK UL % #F
EN— Mok )y AR S/ 5, Buffy coat & M
MR TRL, RORESRBREREEZRE 224, Th
LOMBIETITIE, HAOBIMARD vCID B E % 3iE
AV EERIZIIEAEEWERR SN S, BERESIZE

BEEATOOABI LR, EEOT Y MIRBAT HEER

KB 18 (FF—) 25, LoT, IEOFMISIE
FHELLTEZLI LIRS,

EEmarEe LT, ROGEIFEZ OGNS, £, RO
CHNRREELELEAL, FRERETOY A7 ERKE#
U5, HORREEIZAMRBEECL S A 7EBICME, 7
VA CBHEZDLOOBRESYPBTES. LrLe 61K
BEEILIAZT)A VEARECOVWTE—SORMAEEREFF
BEET o TRV RIZEZETRIIBTSY A7 KR
279, IR IV AV REORESRLBRT LD, B
FEAEFTEROIRLEAT S, ZOBHICOWTRTA
K4 i THETHLENHE. VANARHRELL
SFMICBVTIHRERENRESNLTVED, T+ YRR
LM TRBERATHEEERERE Sh Tninson,
T ERbY, TV EMNRE LCEEmICEYT, BEL
TAREORUURVLEL TARERBIIOWTOEL L #ER
FLETHY, Bon-KiE RLF) 2 TREELHET S
DRBHNETHE, LA, WETRFICS)F Y BEOR
VB TR BEHMEATEIELL o TE—TF4—FY
FEBRTAESHRENTHY, TRORERIE 2HLE
Zbhb,

MESEEF > HhiER TRICHATEE BN b7 /N1L X
2, ROBOBMBBEET 4 ¥ —0I, Y4 VARET 4
Vy—, FFR74V5—, HEIhI-KRH - FELBTINV
y—EnH, BEHEOEBEIRELTIE, =¥/ —VAH,
WEsE, RYVILFLe Y a—VaE, 7av b7 74—
ez oh, BROIRMSETEEZELONhS, 28, B
Br+oRERESLFOFLELFMET 5 0 I B DS
H7) F Y OBIRPBREEIZOVTOEREZHRANEITNS.

TRTOBRFERDIET) & T A REERROBERE %
BOTHELZRBRFYA v EERIRDOND. EENLFE
WAL K54 oo 2 thTwbd, 487471
#5E 8 O Minimum requirement T - T, DOV E2IZT
xhw, ko, EBICEFORBNEVETROFETRE
BLEETFHA v LzidhiEeohw, TROTY F VBRE
HEEFITICHT 2T, WBLALVTREBAUTIIR o7
Y vEEICETLEETLRICOWTI, B~ OEEERT
BREMOFEFHITAZENEF LWL, 4, TVAVE
BHOERNB L SP o TR VEE, R HA2amkeRgicE
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DLTFHA VT & B FHEREBROMERIERILER o 2o Hbr 2 & 7]
BUETHROTVWI L HRICER L (B2t hid% bk
v, BEOFDE L REMIIAREETORIFHEINGY, F
BHEHERKOEHFICL /ONLT VA VICHTAHLY
BMRCEDE, TORLIZHE - BRSh2ThiEebiwE
ELHEMLTBINETHS.

B E

A RO —ERII KRR S EDRTER, BEZEAAERE
28, KEFRTE, FVAOHFEHEL LTEHEINS. £
o, RO —HIIEESHHRENE (H2-EE-—# -
006) & LTEMsN:. ABEHET RICH2oT, BRI
VAMBXTR, WHEHKOBBRICESHLIT. ThooR
FEOREFMBERMHBRNAL ST/ T ERRBROR
EWm g o LBV T.
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Abstract. Prion is an infectious particle composed of an
abnormal isoform of the prion protein (PrP5) and causes prion
diseases such as bovine spongiform encephalopathy (BSE),
Creutzfeldt-Jakob disease (CJD) and scrapie. Host cells express
cellular prion protein (PrPC¢), which plays roles in normal
functions such as anti-oxidative stress. PrPS¢ is derived from
PrPC and produced by conformational conversion. Prion is
notorious as a resistant pathogen, being difficult to inactivate
with conventional sterilization procedures. Therefore, to prevent
prion-caused iatrogenic diseases, the use of appropriate proce-
dures to inactivate prions is important. For examples, alcohol
treatment, autoclave (121°C, 20 min) and y-ray irradiation, which
are used for disinfection, antisepsis or sterilization of viruses and
bacteria, are not effective against prion. This is a fundamental
review of prions and methods of their inactivation.
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1. Pathogens and prions

Pathogens can be transmitted through food, air, drinking
water, body fluids and attachment (1). There are many types,
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including protozoa, helminths, prions, viruses, fungi, algae,
mycobacteria, bacteria, viroids and bacteriophages (Fig. 1),
but relatively few are directly connected to diseases. In most
cases of pathogen-related diseases, the causes are not fully
taken into account or sporadic, and not reported to any official
agency because they are not severe or cultures are never
obtained (2,3). Some pathogens change their forms under some
circumstances. Certain bacteria and fungi form spores under
low-nutrient or dry conditions. Protozoa form oocysts and
cysts dependent on their life cycle, while helminths form eggs.
After an infection, viruses inject their genome into host cells.
After producing viral proteins using the host cell's machinary,
the virus matures. Among viruses, there are many types such
as i) bacteriophages, which infect bacteria, ii) viroids, which
are only RNA, devoid of proteins and infect higher plants
causing crop diseases and iii) animal viruses. Animal viruses
are divided into two groups; non-enveloped and enveloped (1).
Besides viruses, prions (proteinaceous infectious particles)
(@) have been studied in the field of virology, because they
cause prion diseases, which have been classified as slow viral
diseases. Prion is important, because it is the most difficult
pathogen to inactivate and transmissible by eating, transfusion,
and neurosurgery.

Prion diseases are neurodegenerative disorders caused by
protein-based infectious particles (prions). Main component
of prion is an abnormal isoform of the prion protein (PrP5)
(5). Recently, the emergence of bovine spongiform enceph-
alopathy (BSE) and its variant Creutzfeldt-Jakob disease
(vCID) has been highlighted. The issue has enhanced concern
over food safety, safe transfusions, and safe neurosurgery.
However, with the recent emergence of avian and swine
influenza viruses (6), interest in BSE and vCJD has waned
and information on prion diseases is still limited, especially
notable in the areas of therapy and pre-mortem diagnosis.

The history of prion research is relatively long, with
Cullie and Chelle reporting scrapie to be an infectious
disease in 1936 (7). Although scrapie had been thought to
be caused by a virus and classified as a slow viral disease,
Prusiner proposed a new type of pathogen composed only of
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Figure 1. Features of pathogens. There are various types of pathogens including protozoa, helminths, prions, viruses, fungi, algae, mycobacteria, bacteria,
bacteriophages and viroids. Some pathogens change form dependent on circumstances. Some bacteria form spores under low-nutrient conditions. Fungi
makes spores under dry conditions. Styles of protozoa change to oocysts and cysts with growth depending on the life cycle, while those of helminths also
form eggs. Methods of detecting pathogens are closely related to the composition of pathogens. Nucleic acid-based methods are commonly used, because the
genomes of all pathogens except prions are composed of nucleic acid (DNA or RNA). As prion is thought to only be composed of proteins, nucleic acid-based
methods are not applicable. HIV, human immunodeficiency virus; HBV hepatitis B virus; HSV, herpes simplex virus; CJD, Creutzfeldt-Jakob disease; BSE.
bovine spongiform encephalopathy. Modified from Fig. 2 in Sakudo et al (49) with permission from NOVA Science Publishers.

protein (4). Creutzfeldt-Jakob disease (CJD) and Gerstmann-
Straussler-Scheinker disease (GSS) has been known for some
time, with case reports by Creutzfeldt in 1920 (8), Jakob in
1921 (9), and Gerstmann et al in 1936 (10). The basic feature
of prion disease as a transmissible spongiform encephalopathy
became clear from findings for Kuru disease, which occurs in
the Fore linguistic group in the Eastern Highlands of Papua
New Guinea, who have a custom of eating human brain as
part of mortuary rites (11). Transmission was validated by
the finding that brain homogenate containing the Kuru agent
caused similar symptoms to Kuru in monkeys following an
intracerebral injection (11). Meanwhile, the causes of human
prion diseases vary, i.e.: infection for Kuru and iatrogenic
CJD (iCJD), mutation of the prion protein (PrP) gene for
GSS, fatal familial insomnia (FFI) and familial CJD (fCJD),
and unknown cause for sporadic CJD (sCJD) (5) (Table I).
Generally, the prion diseases caused by mutation of the PrP

Table I. Human prion diseases.

Disease Cause

Kuru Infection

iCID Infection

sCJD Unknown

fCID Mutation of PrP gene
vCID Infection

GSS Mutation of PrP gene
FFI Mutation of PrP gene

CID, Creutzfeldt-Jakob disease; iCJD, iatrogenic CID; sCJD, sporadic
CJID; fCID, familial CJD; vCID, variant CJD; GSS, Gerstmann-
Striussler-Scheinker Syndrome; FFI, fatal familial insomnia; PrP,
prion protein.
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Figure 2. Conformational change of the cellular isoform of prion protein
(PrPC) to an abnormal isoform of prion protein (PrP5¢). After infection, PrP¢
is converted into PrPSc. PrP aggregates, inducing the deposition of prion
protein (PrP) in the brain. The accumulation causes the death of neurons.
In addition, loss of PrP¢ may contribute to the pathogenesis, because PrP¢

plays a role in anti-oxidative stress, calcium homeostasis, circadian rhythms,
spatial learning, and memory.

gene are relatively less infectious. These diseases have different
symptoms, because the areas of the brain affected differ: for
example, the cerebral cortex in CJD, the cerebellum in GSS
and thalamus in FFIL. Such damage is caused by neuronal cell
loss, astrocytosis, and vacuolation, leading to degeneration (5).
Another prion disease, vCJD, is important in connection to
BSE, which affected as many as 180,000 cattle from 1985 to
1995 in the United Kingdom (UK) (12). The total number of
cattle with BSE in the UK is about 184,500, whereas the total
number in other countries is about 5,800 (13). Therefore, >95%
of BSE cases have occurred in the UK. The problem is that
BSE prion is a causative agent of vCJD (14,15). Meanwhile, the
cause of most prion diseases (85-90%) remains unclear. Such
prion diseases are known as sporadic CJD (sCJD).

2. Methods for detecting prions

After an infection, cellular PrP (PrP°), which is expressed
in host cells, especially neurons, and has possible functions
including the regulation of anti-oxidative stress, calcium
and copper homeostasis, circadian rhythms, spatial learning,
memory, signalling, and synapse formation (16,17), changes
into PrPS¢ (Fig. 2). PrPS¢ accumulates in the brain and forms
PrP deposits, which are protease-resistant (Table II). The
accumulation causes neuronal cell loss, astrocytosis, and vacu-
olation, leading to spongiform and eventually death (18). Prion
diseases, unlike other amyloid diseases, are transmissible.
Generally, transmission is more difficult between different
species than between identical species, a phenomenon known
as the ‘species barrier’ (19). However, BSE can be transmitted
to humans, resulting in vCJD (14), whereas epidemiological
data suggest that scrapie cannot directly infect humans.
Therefore, the study of BSE is important in terms of food
hygiene (20). In Japan, all cows over 21 months old are checked
for BSE (21). The method is as follows (Fig. 3): a homogenate
is prepared from the brain obex and treated with proteinase
K (PK). The treated sample is applied to a microtiter plate for
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Table II. Characteristics of PrPC and PrP5Sc.

PrPC Prpse
Resistance to protease Low High
Distribution in cell Cell surface Intracell
GPI anchor Present Present
Release from cell Positive Negative
surface by PIPLC
Half life 3-6h >24 h
Solublity High Low
Conformation 42% a-helix, 30% a-helix,

3% [3-sheet 43% [3-sheet

Infectivity Negative Positive

PrP€, cellular isoform of prion protein; PrPS, abnormal isoform of
prion protein; GPI, glycosylphosphatidyl inositol; PIPLC, phos-
phatidyl-inositol specific phospholipase C.

absorption then detected with anti-PrP antibody. If the result is
positive, the above-mentioned enzyme-linked immunosorbent
assay (ELISA) is performed repeatedly. If a positive result is
obtained again, Western blotting and immunohistochemistry
(IHC) are performed (Fig. 4). The Western blotting uses a
membrane to absorb PK-treated proteins separated by sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis
(PAGE). After the absorption, PK-resistant PrP (PrP ) in the
membrane-bound proteins is detected with anti-PrP antibody.
Importantly, Western blotting provides information on not
only prion infections but also the mobility of peptides, which
is influenced by the host genotype and prion strains (22,23).
As shown in Fig. 4B, the IHC is based on representative
pathological features of prion diseases including neuronal cell
loss, vacuolation, astrocytosis and amyloid plaques. In the THC
analysis of brain sections, the accumulation of PrP amyloid
plaques, neuronal cell loss (or vacuolation) and astrocytosis
are examined by light microscopy. Although vacuolation is
also used as an index of prion infection, various combinations
of prion strains with host species result in the accumulation of
PrP without vacuolation in brain sections (24,25). Recently,
the protein misfolding cyclic amplification (PMCA) method
has been developed (26), which enables in vitro amplification
of PrPr from a small quantity of PrP% as seed by sequential
cycles of incubation and sonication. Interestingly, levels of
PrPrs amplified by this method correlated with the prion
infectivity titer (27). Furthermore, PMCA could detect prions
in blood (28). In addition, it could be used to diagnose not
only terminally diseased hamsters but also prion-infected
pre-symptomatic hamsters (29). This method has the highest
sensitivity of any method for detecting PrP™ reported so far.
To date, its application to sheep (28), goat (30), cattle (30),
sCJD (30), vCID (31), CWD (32) and hamster scrapie (26)
and mouse scrapie (33) has been reported. Recently, PMCA
has been modified, leading to recombinant PrP-PMCA (rPrP-
PMCA) (34) and its combination with the quaking-induced
conversion (QUIC) reaction (34,35). In addition, information
obtained from PMCA will contribute to understanding the
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Figure 3. Diagnostic methods for prion infections. For the diagnosis of prion diseases, brain tissue is used. Therefore, the diagnosis is post-mortem. Most
methods of diagnosing prion diseses are based on the characteristics of PrP, which is resistant to proteinase K (PK). PK completely degrades PrP¢ but only
partially digests PrPS¢, because PrPSc makes aggregates and those cores remain. After the treatment, Western blotting and enzyme-linked immunosorbent
assay (ELISA) with anti-PrP antibody detect PK-resistant PrP, when PrP% is included in the sample. As the N-terminal region of PrP¢ is digested with PK(+),
PK-resistant PrP (27-30 kDa) shows a shift to a lower molecular weight compared to untreated PrP(-) (33-35 kDa) in Western blotting.

mechanism of conformational change of PrP. So far, several
factors such as RNA and metals have been found to be
involved in the conformational change using PMCA (36,37).
Furthermore, in vivo analyses of the use of such factors may
provide clues to the treatment of prion diseases.

3. Iatrogenic prion disease and prion inactivation

Although 4 cases of iCJD caused by neurosurgery have been
reported, all are from the 1980s or earlier. Therefore, a causal
relationship remains to be determined (38). However, difficulty
in the inactivation of prions requires appropriate treatment of
the surgical instruments used for craniotomy, spinal surgery,
ophthalmologic surgery, etc. The most important difference
between prion and other pathogens is that prion has no nucleic
acid (5). Therefore, it cannot be inactivated by conventional
sterilization procedures such as autoclaving (121°C, 20 min),
exposure to UV and y-ray irradiation (5). Although alcohol
treatments such as 70% ethanol are effective for bacteria and
enveloped viruses, they have no effect on prions. To inactivate
prions, use of an autoclave under severe condition (134°C,
18 min), NaOH (1 N, 20°C, 1 h), SDS (30%, 100°C, 10 min),
and NaOCI (20000 ppm, 20°C, 1 min) is recommended
(Table III). As a practical method for prion inactivation, the
following procedures are recommended (38). i) Washing
with appropriate detergents + SDS treatment (3%, 3-5 min),
ii) treatment with alkaline detergents (80-93°C, 3-10 min) +
autoclaving (134°C, 8-10 min), iii) washing with appropriate
detergents + autoclaving (134°C, 18 min) and iv) washing
with alkaline detergents (at a concentration and temperature
according to instructions) + vaporized hydrogen peroxide gas
plasma sterilization. The most important point is that a dried
prion-infected apparatus is difficult to be sterilized. Therefore,
after use of the apparatus, prompt washing is essential (38).

A B

fnin-ttécted Infected

PKF?I}V:IT

Figure 4. Western blotting and immunohistochemistry (IHC). (A) PrP
from brain membranous fractions of uninfected mice (uninfected) and
terminally diseased mice intracerebrally inoculated with Obihiro-1 prions
(infected) was detected by Western blotting with anti-PrP antibody, 6H4 and
horseradish peroxidase (HRP)-conjugated anti-mouse IgG. Each fraction
was treated (+) or not (-) with PK. Modified from Fig. 1 in Inoue et al (50)
with permission from the National Institute of Infectious Diseases. (B)
Immunohistochemistry of the brains of terminally prion-diseased mice
infected with Obihiro-1 prions. PrP was detected by an anti-PrP antibody,
6H4. Vacuolation and PrP deposits were seen. Courtesy of Dr Yuji Inoue
(Department of Virology, Center for Infectious Disease Control, Research
Institute for Microbial Diseases, Osaka University, Japan).

Then, autoclaving at 134°C and vaporized hydrogen peroxide
gas plasma sterilization, etc. should be performed for prion
inactivation.

Finally, we focus on gas plasma sterilization. Although
not as well known as major sterilization procedures like auto-
claving, there are various reports on prion inactivation using
this method (39). Gas plasma is the fourth state of matter after
solid, liquid and gas (40). Gas plasma is generated by removing
electrons and producing a highly excited mixture of charged
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Table I1I. Effective treatment on inactivation of prion.

Treatment Refs.
NaOCI (20000 ppm, 20°C, 1 h) 39)
NaOH (1 N,20°C, 1 h) (39)
Autoclave under soaked condition in water (134°C, 18 min) (39
Alkaline detergent (1.6%,43°C, 15 min) (39)
Phenolic disinfectant (5%, 20°C, 30 min) 39)
3% SDS, 100°C, 10 min (51)
7 M guanidine hydrochloride (room temperature, 2 h) 5D
3 M guanidine thiocyanate (room temperature, 2 h) (51
3 M trichloroacetic acid (room temperature, 2 h) (G20
60% formic acid (room temperature, 2 h) (51)
50% phenol (room temperature, 2 h) (51)
Enzymatic detergent (0.8%,43°C, 5 min) + hydrogen peroxide gas plasma sterilization (1.5 mg/l, 25°C, 3 h) 39)
Vaporized hydrogen peroxide (2 mg/l, 30°C, 3 cycles) (39)

*Autoclaving with no soaking in water is insufficient for prion inactivation (dry conditions cause difficulty in inactivation) (39,52). *Enzymatic
detergent (0.8%, 43°C, 5 min) + autoclave (121°C, 20 min), only enzymatic detergent (0.8%, 43°C, 5 min), only peroxyacetic acid (0.25%,
55°C, 12 min), only vaporized hydrogen peroxide gas (1.5 mg/l, 25°C, 3 h), or enzymatic detergent (0.8%,43°C, 5 min) + vaporized hydrogen
peroxide gas (1.5 mg/l, 25°C, 3 h) are insufficient for prion inactivation. SDS, sodium dodecyl sulfate.
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Figure 5. Constitution of N, gas plasma sterilization apparatus. Atmosphere in the apparatus with an N, gas flow. Under the conditions, high dV/dt and short
pulses were applied, resulting in the generation of gas plasma. The possible sterilization mechanisms are as follows. (1) high dV/dt and short pulses, (2)
UV exposure, (3) N radical. Cited from Fig. 1(a) in Shintani er al, (40) with permission from Society for Antibacterial and Antifungal Agents, Japan. UV,

ultraviolet.

nuclei and free electrons in a chamber containing active gasses
like vaporized hydrogen peroxide or inactive gasses like
nitrogen (40). The process is achieved by the supply of suffi-
cient energy, in the form of heat or an electromagnetic field, to
gas. Currently, there is only one commercial gas plasma steril-
izer, Sterrad® (Johnson&Johnson, K.K.). Thus, most research
on gas plasma sterilization is performed using this machine.
Studies using gas plasma instruments including developing
instruments beside those of prion (39) reported inactivation of
human immunodeficiency virus (HIV) (41) hepatitis A virus
(41), respiratory syncytial virus (RSV) (41), vaccinia virus
(41), herpes simplex virus (HSV) (41), poliovirus (41), duck
hepatitis B virus (42), bacterial spores (43-45) and endotoxin

(40). Howeyver, the sterilization mechanisms are not simple. In
the case of Sterrad®, the mechanism of action seems to be the
effect of vaporized hydrogen peroxide, not that of gas plasma.
In this case, gas plasma appears to contribute to the elimina-
tion of remaining toxic vaporized hydrogen peroxide after the
reaction. In contrast, nitrogen and noble gasses (Argon and
Helium) do not themselves have a biocidal effect, but their gas
plasmas are effective for inactivation of pathogens. Therefore,
gas plasmas of nitrogen and noble gasses have complicated
mechanisms of radical production, UV exposure and high dV/
dt and short pulse (Fig. 5) (40). Such an approach using inac-
tive gasses is promising for the sterilization of fragile medical
devices, especially endoscopes (46).
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