Yunoki, M.,
Tanaka, H.,
Urayama, T.,
Kanai, Y.,
Nishida, A.,
Yoshikawa, M.,
Ohkubo, Y.,
Kawabata, Y.,
Hagiwara, K.,
Ikuta, K.

Infectious prion protein in the
filtrate even after 15 nm
filtration

Biologicals

38

311-313

2010

78




AT Vol18, Nod, pp.142-150, 2010

NAFEERICHTDTUF o ORRE
—tbﬁﬂﬁ%ﬁﬂt?éklwiﬁm%&w¢éﬁ%—

B B, BB A, A A

HARO#RKENFES
The Society of Blood Substitutes, Japan



NS FERRCEH T T 4 DRIE
—b RO EZER T35 ATHMEEMREE H < 2/ —

Current Situation of Prion Risks on Biological Products
- Points on the Consideration for Prion Risk in Artifical Blood
Products Derived from Human Red Cells -
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BFHETH. 2070, BETRICBIT 2R ROEA & 8E TREFOBREEREEORNEL - BRERETOFMISKD 5
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HHTVAOMBIZBELT, 1) BELRLEOER, 2) BMEBTHAEL LN TWAHER, 3) NMFIEEFOT) +
NIRT B REERFFEOEIK, ROV THEHT 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.
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MR EEE M ME (Transmissible Spongiform
Encephalopathy, TSE) U2 TH Y, 7 2 EHIRKE
(Bovine Spongiform Encephalopathy, BSE) & &fHiF &7,
COBSEREDERD, eV IVDTSETHBAZ LA E—IZ
BELEEREZECABHOBIUCL S Z LAMER S, BSE
BFEDOTSEDERYWEICI Z2BEEICL o TELLZ &0 D
hiz. EEOLAREE L/, EENORSHE»SZORE
WEHERTAREL, YVVEHES Y L IHEREATS
EIZX D, ERAMTOWARLHIE L7z, BSEIZ&HFAICHK
T A2ENBEINSD, FOEEAEPERETOREIZE Y
F 019922 Y — 7 (EMELEBELIY370005) ICF0FE
A L7 (Fig. D2,

HARIZB W TIZ 2001 FEICBSEDRENMO CTREA SN, Z
Dk, EELFABOLEET= ) v 7HIEOEA L £ERED
BASNT, HATIF20104 12 B HETRET 36 Bl O AEHHE
REINTVEY,

EZAD, 1996 EICEEIIBVWTCINT TR INTWE
WHERZETA704 Y 72V Y2 7% (Creutzfeldt-Jakob
Disease, CJD) ##E S/, ZoFLve hoERIZINE
TOCID LIFEBEVWEFERETHLZ EPFE#MTHL L sh, BRE
FCJD (Valiant CJD, vCJD) & Ihiz. ZTHvCIDIE
BSERRICIFE A EDVEE THERIN, TOWMIT/NY — B
BSED /Yy — Y L MHEBERIZHGAZ ED 6, vCIDDERARD
BSEREY VHROREHOBIIZ L 2D Ebi. 0
vCID i BSE R ICEMRICHIT - KT AZLEPBESR
TeBRKRTICEESLT, 2HAOHKBI TOREEHII2214
EroTwd, —FSREAELLEETIX2000FEIZ28B0%F
hEY—r L LHRRAOREN174% (N, £F 460, fitv
T7 9 AD2005-2006 LD 6 Flx ¥ —27 L TEHRETBETH
o7 (H1)*, BRIZBWTIZ2004FEIZvCIDEEN 1 &
(EEEMESR) BELTHWAEY.
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Fig. 1. BSE & vC]D O f7#8:8 (BIH 1 2) X higE).
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3. EEMBRRBMECRERNETHS T+ BA

CJD/vCJD, BSE, Scrapie% @ TSE D EREMEIZ>WTIE
ROVHEBwmSFPD 57243, 1982412 Prusiner 7Y 4 V3% 12
BLA-ZET—BDIREB4Y. YU+ (Prion) &IZEE
HEDREGEMERF & v 9 BIRTH % Proteinaceous Infectious
Particle DEMHLEFRTH Y, ZOREMHELRITY 1 V2%
LR DBREEREF -2 VEARZOLIOTH S, € MOIE
HHRIT ) F Y EBE (Celler Prion protein, PrP%) 12 CD230 & [
LT, HB0FLOMHRICPRNPEIEZTFELTCI—FERTWAE".
WEAE LTOREETY AV ERZIEY A VALY
BTlR%L, BEOEATMBRERZIETa~N) vy 7R v F
GHEEZ LTV APP Oy — M) v F %2 L5, BH
PIREER P (Proteinase resistance prion protein, PrP™)
DEEERLZ2LDTHD., ChEBRERS )+ 0 EHET
S0, PrPeOREICL ) EOESBEZE~OKIEEIF LT
Fv. CORERBIIPPCREL LT, RNDOPrP AR 4
WPrPIZEL - A - EBTHLDEEZLNTWA. 72,
BEMET ) F VEHIIHEER TR ERKE LTHEELTYS
LEZ LN, RTEIOnmUTOESRIIBEMEIZ L, 20~
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DFHE AT, LEICHEETTIF w50 XA 2ERO
DI, VVEEEOEERH 2 TEOEBALERL /-

5. CIDDE=

L bDTUF TR TH S CIDICIEIMFESECID (Sporadic
CID, sCJD), ®i&k (:#fx) % CJD (Familial CJD, fC]JD), &
EMECID (iatrogenic CJD, iCJD) # L TvCID#% 5. sCJD
X555 EDE MZRI1005 A1 ADEIETHRIEST ACID T
HED, BMAREEFBUTOL b — b NEREFIOHE IS
TiEZ2Ww., BEER~NOBREE T F VEHDERAY R 7 5B
bODOVEDIZ, WiliEiED & T 5MEEMAND L. BNk
VCIDICREHR LT 5B Z LAYHBI L7 ¥ — Hsko Mk 4% %
WIS N-FPPLECHESN, HBEATZME 4 £
VCIDIZEEE L2 EZ 6N TWVAY, 201040 WHO BT
de MMEISEREREEREO 7 F T — 125 E R, vCID O
BEMEH D, CIDIZBEMLLEHM I TWE®, Hio, ¥
ETRMEBEELE=FY V7SN TWwb, KIE, =L
MEREEORBREANE T o725, MBICERER T )+
BEEPERINT., COBRFREMCHREREZREL TV
oI b M 5T VvCIDICERYE L Tz, EERERER
(Health Protection Agency, HPA) RUKEA&AREELE
(Food and Drug Administration, FDA) 3 RME% B L7725,
ZDVATVNNVOEBEZITORdP o259, ZOEFIZEII
AT TR MBS BEEFTH Y X7 PBET L2 EER
T Tk o7z 20104, FCKOBEILFBIZENEN, A —7
—HERTLEHND) R TEAAY MIETAHA TV R
(MEF) #HBRLALSY, 72, MOEREMERKEE L CREE
B, b PRTEAEREHN REFVEVRY), AEZHE
RPFEMBEAEZNLTCOREDRDOLN TN BEPP,

HETIZCIDDOY =4 50 AREBENTEY, 19994
75 20094 L TORMIZHER 1721324610 CID iE, sCID#S
101961 (77%), fCJD 52206 (166%), iC]JD (&FIfHEEE
HE) A380%1 (6.0%, HiMIs‘EINZ % L#EH1384)), vCID S
160 (01%), BETELRWCIDA 46 (03%) THho7-?.
COHRTEBRIIRIMICLZ) A PHBEEZLNSE FF—&
%09 BDIFICID & vCID BEHRKTH 5%, FHEL E DM
CRICXVICIDEBEN NF— 2 h s REEHRLTE Y, B
FIZWZVCIDDO ) R 7 2 RET 5 UENH S, BEDVCID I

AR T1IHTH 555, EEEMICHRL TVCIDICELET S |

A7 E, ZOREFEHVBILL, SWI0ZE L TERTREN
REBVRZERET L&A, 20074 £ TIZ006 ADFEL,
ATV GHEBATHELREEL I NOREIBFETE R
Wk, 2 A EOBEIBO TRV EWIFEEIELNS. K
WEIMIC X 2 BRETEITO R, EFVTFENE, 1) 19904
W20 AT HDREGEED 1 BHFEL, 2) WIMRYEIC X 285
MRS L 2R LR L, 3) FRmMOEIN LT,
4) WIMEDD B AR HEIVEMBEDH 5 AOFRMEIFRITE L
v, 5) HMIMREREZ ORTRIIEML 2w v &6 TER
L7, ZO#ER, BEEBIZI2003EAH V-2 02, B

144

BREEZROEME 2010 ER DL TIZIZRD Y, 0563 AL
WORERE B oM. INLOERDS, BEDBSE/VCID D
EERREDOHMAEIKESELZVIED, 2010 ED &
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WL BEHEE, B CTOMERFERPRTEFEROERLY, £
COMREEMAGDLELILIZE 5 THEFOREMERFEBL T
5. BEFDOVCIDIZOVT LY Y OBELEREBIIEHOBRKS
BB ZMIRET 2 HEEZFRTALEND L. vCIDKRE
DEXCHTELFHELLT, BATHREBEZ*H V220
ELISABDPRESIN TS Y, L LadoBEEHTRET
CID/VCIDIZEMREFEIHBATHEI N TV VD,
MFBIEEICHRMEK, /MR, BIME, DEOESICHT 22
EDTESL., 7V VYEARMBELICEET 222 50T
WAHZ DL, MBEMESEIMERICETSELTY + V(E5E
VA7 ThbHEEZOND, BMIZX A vCIDELEY) 227 D
WK ZHEL B LEFD B, BIIEEDHIZCID/VCIDY R »
ERRSELMPEE L LCRELR EOBERESZEL, N
—DBEREELHERLTWAE. T/, ANEKBET 1 Ly —257
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DY HBHE, MFESEHHNOERE 2 5MEICOVTIE, &
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DhHEY, TOL T FRMERL hNEZTVY 2 2T -
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Bel, BE_EECEBELLYRY —AB 3D ST LE
ZEtB1E4ET - PEGB#IOBIRE L 5%, b MRMEROK X 2138
Sum, BELAHbIIH4nmOKEXTHY, Zhi/Nafk
W L 7RO /NEAREIZR 200~ 250nm TH L5, 2
DEWEIZHb & FARMERASBETHEI EnS, FF—H
KOWEERDBADVERZ ) A EAFE LTCHEET S, =0
ATBREERFIER SN HbidRIMEk %2 HEER & LTk
HENDH, HhOKRE L4 nm 12 LT, BERSY 5>
EHEDFOHFEIIH 30000, BEET) + LV BHORFIZ
1I0nmU EOEEEY LEZONE. HhOBETEIZBITL T
VA VBRRIMBESERAOETRICEA SN THL 7Y F
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Fig. 2. RENEMERMIRIC & 2 263K BRIBREN AR & —BER< A 7 0y =< VEGORFEEL 30 L V51,

FETRIZZVA VBRELEZEAT L ICIIRMLE,-LNES T
Yy iR 5 BRICEATLIONEL TV,

8. IEFHE%FTH LTOTY) + L MERREEDRE
T v BECET L LEFELIT) BE, BREBMORKE
HWEMEE LTRBET LI LXK THS. 7+ VRN
HIZ 3R E Y %2 — b (Brain Homogenate, BH) #HwvTw
Toht, FOBRIBEEBEEELMAZ CEBES (Microsomal
Fraction, MF) #FEICfbn b & )ik o7z, Ak, TR
WCHWA T F Y EHIERE Y O MBI E H 5 Z &7
2F L., LALiDAS, M, s LEFEICHCEZENT
XLBORBEET)F VEAEZBLILRIRETHY, 20
MF 2 fEHE S5 28 % . L Led o MFIZIREFMICH
WAHMHE LTRBELINb DT o7,
FZTCRBIE, by TYOX7 L4 Y- (Hamster
“adopted scraipie /A A # —263K) % H\T Z D MF ORF1E
WWEHLATHRFMME S LToERELZRET L. MFOF
W FEIZH0mBED - -0 I2x LT, Sarcosyl ®
Lysolecithin BN L o THERM T, #200nm LT D
PR FEICTHI LN TEL, TANVARELIIHONS
SD LBk Fvy 555 Tri (n-butyl) phosphate (TNBP) &
Polyoxyethylensorbitan monooleate (Tween80) % #flaA &
FCERELEL 2w e PR FE%L 200nm PUT IS H k2
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Fig. 3. BEWMLIRIC L 5 263K BB L 2 ¥ — il 70V —< N
ESORFEEL O30 & V51H).

S 7z. 2RI LT, Polyoxyethylene-p-isooctylphenol
(Triton X-100) X FPHRTRICEEZ 52 v o 7 (Fig 2,
3%, %72, MF % PBSIZ#M L 220nm, 100nm, 75nm,
35nm, 19nm, 15nm D AWK THB\L72E T A, 100nm &
75nm DA BEOERIIBVWIBEERELEOEE TRENR
(K=, Log Reduction Factor, LRF) ZZ&&E L7
(Table ). Tz & X, TERFMICHNE ) T YHHH
1 Sarcosil % Lysolecithin 7 & o S EEEA L 28 B IR0 H
RITIENLET LI LWL ko7, ol BERLE
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Table 1. PBSH D 263K BB ER 7 ) & Y Bk (CB30 X HF1H).

PVDF7 4 V% — Planova7 4 V% —
DWEILE 220nm 100nm 72nm 35nm 15nm
ABE RN »HY ZL »HYH L »h L »HY L Y ZL
2B 42/3.5 35742 42/3.5 35742 4217142 35742 421742 35742 42742 35/4.2
5B 3.8/3.8 3.1/3.8 3.8/3.1 24/3.1 24/24 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0
ErEHEE 0.4/-0.3 04/04 04/04 1.1/11 1.8/1.8 22.5/23.2 23.2/232 225/23.2 23.2/23.2 =225/232

YIARYYTUy T4 vy (WBE) X 5.
#1113 Non-detectable endpoint {2 X » TRD 728 Log JE TR L 7.

L7 MF 3B OEALR 2L, TS Y VG2 228 IIR
NRICIED B 2 EDTE 525, FREFEEFLE L MFIZRE
EHRPBRET LI NIRRT Y IV RUFMICE 2 5 HE
REBTHLENDD.

RIZ, TOT)F MR TREFEEZ T LT, mEh oK
GEUTVA VEREEZE TR - BREETWEREVIH
EHAH, MATVCIDWMEET A LAHESINTEY, In
HRES ICIEEEEATHL T VEAVEEINLZ L
BFHATES., LA LLAomEEsidBEs 7 4 v &a25H
BEFELTEINDZO, ThedbTEESE LTHEET
B DNV TIEAA R A% . Fh7z b I3 M4 EH o 8
ETRIZEASNTVE YA VAKREE (FHEILE 150m)
FHCT, EROBBELEHEEZEML T 4+ Y EHOKRESE
REME L. ZO15nmDABEII NS A EESTFICEED
FATELHRTRDIAMBEILEONS R TIANVABEETH
5, COBEMBIZXY, vAF¥rTavT4 ¥y (WB) &
WX BB TARPORER ) 4 VERIRBERAUTICE
ThEEIN35Log L EOBRERBEZRLA. TRICHLT, §
WAOFEBEBRTIIAWFORLET ) + v EHIE40Log UL E
DBFIRHER LD OO, =8O} v 7V TR % 300 7-.
B2 Z ?15nm A % 150,000g, 1M OBELEEZ TV,
Bons FEES EMBESICOVTEREERET7-. 0
BELEFEI 74 VEAZBETARICRASh TV 44
THoHH, BAREZLICHHOESIIBEREIBD SNz
(Table 2)%%, REBWORAE D A — b OBE L EF IO
BEAPRDOEND Z L3 Berardi 5BFHREL T3P 3%, otk
FEESICERET ABREE ) 4 EAX 15nm DR Z BB T 5
CENURETHALZERFLVAIRTH S, —F, Silveirad
124920~ 25nm D EA KRR b EEEATE <, 10nm LT OH
SR BEERERD SN o b HELTWAEY, 15nm®
TANABEBEZEOILFIECRTFEEET /00K 4 )V
AGEERBEMLEBII—HOY A VABARICAED NS Z
EEREBL TV, 15nmUTORE SOBREE T 4~
EEMELEBLCTRENH LS. —F, vVCIDBER T AD
FRIMER, Buffy coat, M/MREFIMIE, MES2IEE<T AL
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Table 2. 15nm 5382 L 2 BHEE T 4 EHE OB (CHEL30,31 £ Y 51E).

Lysolecthin & OB & J AL H 263K FiIRER263K

WB (E&) BA (&) WB (E8) BA (E#)
2 6.1/6.1 7.97/8.30 3.6 FEHE
% B#% <2.6/<26 <3.25/4.30 <0.8 FEIE
BR BB 23.5/35 24721 4.00 >2.8 NA
BRI NA NA . <1.0 FEAE
AR L NA NA <1.0 FERE

WB IRy 70y 5472k 5.

{13 Non-detectable endpoint #E1Z & - TRD = # Log o ETR L 7.

BA : E)ERERERIC L 5 EE T ENEME.

EBFMIIBERRT V7V 2B —8 6 O RED S Karbar B2 L 9,
#ID50 (Log,) fETRLZ.

BAEEEICTER L L 25, RIMEKE DI BRGEA3E
DONLPol2bDOD, FRUANDY VT § XTI D
BHLN?, INLOEREIH T TERWIIBONTHE
THY, b MIRFOFERREZEHL 2D TIE RV, B
PP )F EAIEIAT TRAOATHWAEELARE L LTo
FEFBAISMA T, MEPICTHAIIFEEICHMLES (B
72 5%, Soluble like form& L72) ¢ LTHHFELBAZ L %
RETBHIELELR T
RMEKEZEEET2Hb2EZ 56, RALTL A7+
YEHORREL LT, BEHk (&) & Soluble like form ® 7
VA YEHD 2 ODFERRANEZ b L. D Rk
W7k K. U Soluble like form ORIV ERWICE L LN S,
BAEFHIABRICHNTWE 7Y + VB ZOW B 2 & AT
BIENEBERPORENTVLIOT, FHMEERIIMFORE
EHAEZRBLA-b0EBbRA. LAL%AS, Soluble
like form DEEE 7V 4 Y EHOERBLMFEH O RN 1)
FVEHOFERRNICETAIHMRATIEEA LRV T
Soluble like form DERIZDOWVWTOELZ AEIKD SN L.
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9. IFHMAEZTTOLTOT Y F L #DMRE

BELEFMEIZIZVvCIDDEFVE LT, 263K k7% E95EL
FRHINTVWS., THE263KHEPERIICHZ) 7+ V%R
WHWLNTETEY, FHMEFEIHEILL T2 &%, BSE
2vCID DEMEIMb kD e 0 722 LIZL A, L LRDS,
263K #k % SEMMIC AV 555413, BSER, vCIDMDFE>&EHS
R (PK) ~OEIMKZEOURPBLTRELDL %
ERTHULENDD. 72, BAHTATFTNA ARERELRED
T A VERL (REL) CKBELTY, YU Y EBEAOFOHE
RKPLEEIIZDOEHLZRETILENDHLY. Thbnl
75, vCIDRBSEDEF IV & LT263K¥kEH VL Z LIk
LB TREMREHCFMEFICIILTERL TBIRET
H5b.

KER+FED Akimov 5i&, vCID D~ 7 ZBiMbik K UHIi
BEEREABLILY, R b3oREBEEFLZEAL,
vCID # B W - AR ML L vCIDDETFT LV E LT
D 263K RDFZ L WICET AT R #ED T WA, vCIDEE~ Y
ARG OB ERLE 7Y 4 82 VT 15nm 58I X
LEEMT ) VEAOREREEZ WBETHML-L 25,
28Log DBREFRHMERLZDOD, AHHICEFER ) 4 V&
H#%3D7: (Table 3)*. ZOFERMS, RUFETHEL
TUF UM EEBWABERTIX, 263K#Ed, vCIDHD R
HosE (BE BRE2RTIEPELIMIR. LI L
255 263K #k1x TN F TWB LUV T 15nm A8 HB I IR &
NBLR P oD LT, vCIDHRIBBRB SN, 2o
RIIHMHEEIZ L 5 H0%0%, 263K#kE vCID KD EE
BT F roOPEDBRBANIL LD 00N, BEETHE TS
ZEIETER. BRENEEDEREEIRETTALEND 5.

Table 3. 15nm B & 5 vCID R U263K B3k - BERLE~ {70y —
SNVESFRORER T 4 Y EOORE.
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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 (PrP¢), which plays roles in normal
functions such as anti-oxidative stress. PrP%¢ 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.

Contents
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2. Methods for detecting prions

3. Iatrogenic prion disease and prion 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)
(4) 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 (PrPsc)
(5). Recently, the emergence of bovine spongiform enceph-
alopathy (BSE) and its variant Creutzfeldt-Jakob disease
(vCJID) 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 ez al (49) with permission from NOVA Science Publishers.

protein (4). Creutzfeldt-Jakob disease (CJD) and Gerstmann-
Striussler-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

sCID Unknown

fCID Mutation of PrP gene
vCID Infection

GSS Mutation of PrP gene
FFI Mutation of PrP gene

CJID, Creutzfeldt-Jakob disease; iCJD, iatrogenic CJD; sCID, sporadic
CID; fCJD, 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 (PrPS). After infection, PrP¢
is converted into PrPS. PrPS 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 FFI. 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 (PrPC), 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 PrP¢ and PrP%.

PrpP¢ 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 >24h
Solublity High Low
Conformation 42% a-helix, 30% a-helix,

3% [-sheet 43% [-sheet

Infectivity Negative Positive

PrPC, 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 ITHC 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 PrP* from a small quantity of PrPS as seed by sequential
cycles of incubation and sonication. Interestingly, levels of
PrPr 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),
sCID (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



486

Uninfected

PK treatment ‘

digestion OO% OO

Western
Blotting
with
anti-PrP Ab

PK (0 &)

Y ELISA

i

SAKUDO et al: FUNDAMENTALS OF PRIONS AND THEIR INACTIVATION

Infected

~\/‘»
OO%OO.
-~

/

33-35kDa
el
¥ .30k

PK () )

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 PrPS¢, which is resistant to proteinase K (PK). PK completely degrades PrPC but only
partially digests PrPS, because PrPS® 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 NaOCl (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

[Uninfected| Infected
- [+

PK e

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 III. Effective treatment on inactivation of prion.

Treatment Refs.
NaOCl (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 (628
7 M guanidine hydrochloride (room temperature, 2 h) (628)
3 M guanidine thiocyanate (room temperature, 2 h) (620
3 M trichloroacetic acid (room temperature, 2 h) 51
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.

Nz gas flow
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(2) UV light
(irradiated
and reflected)

+ (1) high dV/dt
& short pulse
( ~ 300kV/us)

Mirror glass
Reflecting metal layer

Cathode electrode

Unclosed apparatus

Figure 5. Constitution of N, gas plasma sterilization apparatus. Atmosphere in the apparatus with an N, gas flow. Under the conditions, hi gh 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). However, 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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4. Conclusions and perspectives

Prion has the unique feature of being devoid of nucleic acid.
Therefore, its inactivation requires different procedures from
those applied to other pathogens. In addition, prion diseases
are zoonotic infectious diseases (5). Notably, the BSE prion
causes vCJD in humans, and can be transmitted via blood (47).
Current diagnostic methods for prion diseases are post-mortem,
though recent research has achieved drastic improvements and
enabled a highly sensitive diagnosis. Notably, PMCA raises the
possibility of a pre-mortem diagnosis using blood samples not
only from terminally ill individuals but also from preclinical
onset (29). Gas plasma sterilization is a promising method
potentially effective against all microorganisms including
prions. This approach would offer profound advantages over
conventional methods. By introducing appropriate gases into
the system, certain gases critical for sterilizing each micro-
organism may be elucidated.

Finally, the authors note that the information is based on
scientific publications at the time of preparation. Therefore,
the authors and publisher take no responsibility for any conse-
quences of the application of any of the information in this
review by any reader. Recently, guidelines for ‘Disinfection
and sterilization in healthcare facilities, 2008’ by the Centers
for Disease Control and Prevention (CDC) (48) and guidelines
for control of prion diseases, 2008 by the Research Committee
on Prion Disease and Slow Virus Infection, The Ministry of
Health, Labour and Welfare of Japan (38) have been published.
For clinical issues relating to disinfection and sterilization,
these guidelines are appropriate for consultation.
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Abstract: Prion protein (PrP) gene encodes cellular PrP (PrP%), a glycosylphosphatidylinositol (GPI)-anchored cell mem-
brane protein indispensable for infections of prion, which causes Creutzfeldt-Jakob disease (CJD) in humans, bovine
spongiform encephalopathy (BSE) in cattle, and scrapie in sheep. Although PrP¢ is known to be converted into an abnor-
mal isoform (PrP>) upon prion infection and play an important role in prion diseases, the mechanisms involved remain
unclear, partly due to the insolubility of PrP%°, which prevents experimental biochemical and biophysical analyses. Re-
cently, with improvements in computer power and methods, computer analyses have been contributing more to prion
studies. A comparison of PrP gene sequences revealed mutations and polymorphisms in the open reading frame (ORF) of
the human PrP gene related to prion diseases. In contrast, little mutations or polymorphisms related to susceptibility to
BSE were found in the ORF of the bovine PrP gene, though relationships between insertion/deletion (Ins/Del) polymor-
phisms of the PrP gene promoter and susceptibility to BSE have been found. Our results have shown that the specific pro-
tein 1 (Sp1) plays important role in the activity of PrP gene promoter, which is influenced by polymorphisms in the Spl
binding sites. The potential structural dynamics of PrP have been simulated by computational methods such as molecular
dynamics (MD) and quantum mechanics (QM). The proposed mechanisms of conversion have revealed new insights in
prion diseases. In this review, we will introduce the gene structure, polymorphisms, and potential structural dynamics of
PrP revealed by basic and advanced computational analyses. The possible contribution of these methods to elucidation of
the pathogenicity of prion discases and functions of PrP® is discussed.

Keywords: Prion protein gene, polymorphism, bovine spongiform encephalopathy, prion, molecular dynamics (MD), quantum

mechanics (QM).

INTRODUCTION

Prion diseases, a group of fatal transmissible neurode-
generative disorders include Kuru, Creutzfeldt-Jakob disease
(CID), Gerstmann-Straussler-Scheinker-syndrome (GSS),
fatal familial insomnia (FFI) in humans, scrapie in sheep,
and bovine spongiform encephalopathy (BSE) in cattle [1,
2]. Neuronal cell loss (vacuolation), astrocytosis, and prion
protein (PrP) accumulation are three representative features
of prion diseases [1]. These features are closely related to
clinical symptoms, which vary among strains and host spe-
cies but usually include dementia and/or ataxia with a pro-
gressive loss of brain function, resulting in death [3].
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The mechanism underlying the development of these
infections is basically thought to be the conversion of the
prion protein (PrP) [4]. The cellular isoform of PrP (PrP®),
which expressed in host neurons, is converted to an abnor-
mal isoform (PrP*°) which induces cell death in animals in-
fected with prion [3]. Therefore, prion diseases belong to
conformational diseases or folding diseases, which include
Alzheimers disease and Parkinson disease.

There are two main approaches to the study of prion dis-
eases, experimental analysis and computer simulation. Due
to Prp% property to aggregate most experimental biochemi-
cal and biophysical approaches can not be used for prion
analyses. The recent development of high speed central
processing units (CPUs), calculation methods, and huge da-
tabases has facilitated understanding of the structure of PrP
and its gene. For example, recent studies showed that muta-
tions and polymorphisms in the open reading frame (ORF)

© 2010 Bentham Science Publishers Ltd.
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of the PrP gene affect the susceptibility of humans and sheep
to prion diseases, whereas polymorphisms in the ORF of the
bovine PrP gene are unrelated to the incidence of BSE. Ac-
cording to the latest reports, the genetic susceptibility of cat-
tle to BSE is associated with polymorphisms in the promoter
region of the PrP gene and the level of its expression [5]. In
addition, recent developments in computational methods
such as molecular dynamics (MD) and quantum mechanics
(QM) has enabled analysis of the potential conformational
changes, molecular movements, and chemical reactions, etc.
of PrP. In this review, we introduce the deduced structure of
PrP and its gene and polymorphisms and their potential in-
volvement in prion diseases revealed by computational
analysis.

Structure of the PrP Gene and Its Features

The structure of the PrP gene and the sequence of PrP are
highly conserved in mammals (Table 1). The gene is located
on chromosome 2, 3, 13, 13 and 20, in the mouse, rat, sheep,
cattle, and human genome, respectively. The murine PrP
gene spans 38 kb, and contains 3 exons [6], similar to the rat
(16 kb) [7, 8], sheep (31 kb) [9] and cattle (35 kb) [10] PrP
genes. In contrast, the human PrP gene (35 kb) has just 2
exons [11]. The entire ORF of all known mammalian PrP
genes resides within a single exon, the last exon. Representa-
tive features of the gene include: (i) The ORF is not inter-
rupted by introns; (ii) The region immediately 5° of the tran-
scriptional initiating site contains a short GC-rich stretch,
which is common in housekeeping genes [12] and might
impose stability on the overall secondary structure of PrP
mRNA with consequences for its metabolism and translation
as in viruses [13]; and (iii) The 3’-untranslated region of
mRNA contains highly conserved areas including a func-
tional sequence (ATTAAA) for nucleus-specific polyadeny-
lation [14]; (iv) Intronl contains putative binding sites for
transcription factors such as heat shock factor 2 (HSF2),
myocyte enhancer factor 2 (MEF2), E4 promoter-binding
protein 4 (E4BP4), nuclear matrix protein 4/cas-interacting
zinc finger protein (NMP4/CIZ), regulatory factor X1
(RFX1), thyrotrophic embryonic factor (TEF), and ecotropic
viral integration site (EVIL) [14].

Promoter regions have been reported for the mouse, rat,
sheep, bovine and human PrP genes (Table 1). A common
feature is that the transcription of PrP mRNA is initiated at a
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GC-rich sequence (devoid of a TATA box) [15]. In mice, the
PrP gene has two strong promoters, one located 5’ to exon 1
and the other 5’ to exon 2 and, in addition, a suppressor of
transcription within intron 1, which is capable of suppressing
activity from both promoters [6]. In rats, the promoter is lo-
cated between bp -90 and -41 [8]. These regions in the
mouse and rat PrP genes [6, 8] include an inverted CCAAT
element and consensus binding sités for the transcription
factors such as activator protein-1 (AP1) and specific protein
1 (Spl). The sequences containing CCAAT and the Spl-
binding site are involved in regulating the transcription of
numerous viral and eukaryotic genes [16-20]. In cattle and
humans, the promoter is located between bp -88 to -33 and -
148 to +125, respectively [10, 11]. For the bovine and mouse
PrP gene, intron 1 elements are necessary for promoter activ-
ity [21]. The Inoue et gl., have suggested the existence of
additional functional elements in the ~2.5 kb upstream exon
1 [10]. In the promoter region of both the bovine and human
PrP genes, there are three potential Spl-binding sites. In hu-
mans, these sites are located within the proximal promoter
region at -62 to -57, +1 to +6, and +30 to +35 and in cattle,
at position -47 to -42, -27 to -22, and -11 to -6. These obser-
vations suggest that Spl-binding sites are important for the
PrP gene promoter activity.

As the expression level correlates with susceptibility to
prion diseases, knowledge of regulatory sequences and
mechanisms is useful for preventing and delaying the onset
of prion diseases.

PrP Gene Polymorphisms and their Regulation of PrP
Expression

PrP contains disulphide links (S-S), Asn-linked glycosy-
lation sites (CHO), a signal peptide sequence (SP) at the N-
terminal, an octapeptide repeat region (OR) in the N-terminal
half, hydrophobic regions (HRs) in the central part (HR1)
and C-terminal (HR2), and a glycosylphosphatidylinositol
(GPI) anchor attached to its C terminus (Fig. 1A) [22]. The
elucidation of PrP gene mutations and polymorphisms is
crucial to understanding inherited and other prion diseases,
because these changes determine susceptibility to prion dis-
eases.

For instance, polymorphisms of the PrP gene ORF have
been shown to be major determinants of the susceptibility to
prion diseases in humans. Although numerous polymor-

Tablel. Outline of PrP Gene Structure from Different Species

Assignment of the PrP | Gene Size | Number of Position of Length of Promoter Region References

Gene to Chromosome (kb) Exons ORF ORF
Mouse Choromosome 2 38 3 Third exon 765 5'to exon 1 and 5' to exon 2 [6]

Rat Choromosome 3 16 3 Third exon 762 Position from -99 to -41 [7. 8]
Sheep Choromosome 13 31 3 Third exon 771 Position from -75 and -131 proximal [9]
to the exon 1 start site, respectively
(in different cell types)

Bovine Choromosome 13 35 3 Third exon 795 Position from -88 to -33 [10]
Human Choromosome 20 35 2 Second exon 774 Position from -148 to +125 [11]




