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Abstract

Transmissible spongiform encephalopathies (TSE) are a group of fatal 

neurodegenerative diseases of mammals, caused by unconventional infectious agents 

known as “prion”. Transmission of prion between species is limited by a so called 

“species barrier”. Prion formation could be affected dramatically if the amino acid 

sequences between the host PrPC (cellular prion protein) and the inoculated prion are 

different, which results in the resistance of cross-species TSE transmission.  In order 

to explore the correlation between the prion transmission barrier and the amino acid 

sequence, several prion peptides (sequences 108-144) were synthesized the sequence 

108-144 based on the numbering of human prion protein sequence  and the 

amyloidogenic properties of these peptides were compared. We used seeding titration 

method to quantify the seeding barrier and to examine how sequence difference 

affected the seeding efficiency.  Our results showed that while residue 112 with 

methionine accelerated nucleation, residues 139 with methionine or 143 with serine 

retarded the nucleation process. But these effects could be neutralized when the 

substitutions with opposite effects had shown on the same peptide. Moreover, using 

the amyloid fibrils prepared from bPrP as seed, residues 129 with leucine, 135 with 

asparagine, 139 with methionine or 143 with serine substitution could increase 

seeding barrier, but residue 138 with methionine decreased seeding barrier. When 

both decreased and increased factors were appeared in the same peptide, their effects 

tended to cancel each other out.  Overall, the relative seeding barrier is low for 

catPrP, mPrP, and bvPrP; moderate for huPrP, haPrP, and lionPrP; high for mdPrP, 

dogPrP, and pigPrP. 

   When the amyloid fibrils prepared from mdPrP were used as seed, the relative 
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seeding barriers for all these peptides were different from the bPrP seeding results: the 

relative seeding barrier is low for bvPrP; moderate for catPrP, lionPrP, and mPrP; high 

for bPrP, pigPrP, dogPrP, haPrP, and huPrP. 
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  Abbreviations�

bPrP chemically synthesized bovine prion peptide ,sequence 108-144

BSE bovine spongiform encephalopathy

bvPrP chemically synthesized bank vole prion peptide,sequence108-144 

CD circular dichroism

CJD Creutzfeldt-Jakob disease

CWD Chronic wasting disease 

DCM dichloromethane

DMF N,N-Dimethylformamide

DMEM Dulbecco’s modified Eagle’s medium 

EDT 1,2-ethanedithiol

FBS fetal bovine serum 

Fmoc 9-Fluorenylmethoxycarbonyl

GPI glycosyl phosphaidylinositol 

GSS Gerstmann-Straussler-Scheinker

haPrP chemically synthesized hamster prion peptide,sequence108-144 

HPLC high performance liquid chromatography 

huPrP chemically synthesized human prion peptide,sequence108-144 

MALDI matrix-assisted laser desorption ionization 

mdPrP chemically synthesized mule deer prion peptide,sequence108-144 

mPrP chemically synthesized mouse prion peptide,sequence108-144 

MTBE  t-Butyl methyl ether

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
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NaOAc sodium acetate

NMM N-methylmorpholine

NMR  nuclear magnetic resonance

PK proteinase K

PrP prion protein/peptide 

PrP27-30 N-terminally truncated PrPSc

PrPC cellular prion protein 

PrP-res protease resistant form of prion protein 

PrPSc disease-causing isoform of prion protein 

PrP-sen protease sensitive form of prion protein 

PyBOP 
benzotriazole-1-yl-oxy-tris-pyrrolidino-phosohonium 
hexafluorophosphate

rPrP recombinant prion protein 

sCJD sporadic Creutzfeldt-Jakob disease 

SDS sodium dodecyl sulfate  

TEM transmission electron microscope 

TFA trifluoroacetic acid 

TFE trifluoroethanol 

TSE transmissible spongiform encephalopathy 

ThT Thioflavin T 

TIS Triisopropylsilane 

UV ultraviolet 

vCJD variant Creutzfeldt-Jakob disease 

A (Ala) alanine 

C (Cys) cysteine 

D (Asp) aspartic acid 

E (Glu) glutamic acid 

F (Phe) phenylalanine 
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G (Gly) glycine 

H (His) histidine 

I (Ile) isoleucine 

K (Lys) lysine 

L (Leu) leucine 

M (Met) methionine 

N (Asn) asparagine 

P (Pro) proline 

R (Arg) arginine 

S (Ser) serine 

T (Thr) threonine 

V (Val) valine 

W (Trp) tryptophan 

Y (Tyr) tyrosine 
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1.1

    tertiary structure

primary structure folding

chaperone

native structure

energy landscape  

funnel shape

misfolding

intermediate

(oligomers)

protofibrils aggregates (amyloid 

fibrils)

energy landscape

1.1 1; 2; 3; 4

5 congo red

polarized light birefringence

x-ray  “cross-�”  

“cross-�”  

misfolding

tissue deposition

amyloid fibrils
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 alzheimer’s disease AD parkinson’s 

disease PD prion disease 6

conformational diseases

amyloid diseases  

 

 

 

 

1.1  7 (entropy)

 

    prion disease transmissible spongiform 

encephalopathy TSE neurodegenerative disease



3 

8; 9

1.1

scrapie bovine spongiform 

encephalopathy BSE mad cow disease

chronic wasting disease CWD

creutzfeldt-Jakob disease CJD kuru fatal familial 

insonmnia FFI gerstmann-sträussler-scheinker 

syndrome GSS

astrogliosis protease-resistant

PrPSc amyloid-like fiber

amyloid plaques 10

1.1  16
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11  

 

    1730

1930

1950

Gajdusek

amyloid

1920 Creutzfeldt Jakob

1 sporadic ~85 sporadic CJD

sCJD

subacute

dementia ataxia

1

2 inherited ~15% familial CJD

fCJD PRNP  

FFI GSS

3 infectious 1% iatrogenic 
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CJD iCJD

 

variant CJD vCJD

BSE variant CJD

vCJD 1995

28 12

BSE 13; 14  

 

1.2  1988 2005 BSE vCJD
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14  

 

    CWD

rocky mountain elk mule deer white-tailed 

deer

1967

1978

15; 16; 17 CWD

18; 19 CWD

CWD

CWD TSE

20

CWD

21

 

1.2 protein only hypothesis

1982 Prusiner S.B prion

proteinaceous infectious particles 

without nucleic acid 22 Prusiner

slow virus

nonconventional virus 23; 24 Alper
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23

DNA small DNA virus 9

1967 Grififith

DNA RNA self replicating 25

protein only hypothesis 1982 Bolton

syrian hamster

K protease K resistance 27~30 kDa 26

PrP

PrP

26; 27 PrP PRNP

PRNP 10; 28

PRNP

29 PRNP PRNP-/- knocked out mice

30 Prusiner

1.3

    prion protein PrP PRNP PrP

254 amino acid residue N-terminal

C-terminal 20 signal peptide

209 23-231

PrP PrP GPI glycosylphosphatidylionsitol

GPI-anchored PrP Ser231 GPI

31 PrP Cys179 Cys214 disulfide bond

Asn181 Asn197 N-linked glycosylation
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1.3A 32  

 

    PrP 5 8 octapeptide repeats

10; 33 PrP

PrP 34

nuclear magnetic resonance NMR human Homo 

sapiens mouse Mus musculus bovine

PrP recombinant protein 35; 36; 37; 38 PrP NMR

100

globular 3 helix 2 �-sheet

1 �-helix 1.3B 38  

 

A  
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B  

 

1.3  A 1-254

PrP

23-231 N 5 octarepeat C 3 

�-helix 2 �-sheet B PrP23-230

NMR 38 23-121

3 �-helix 144-154 173-194

200-228 2 �-sheet 128-131 161-164

 

 

    33-35 kDa isoform

1.4 PrPC C cellular TSE

PrPSc Sc scrapie PrPC

PrPSc PrP

post-translational modification 39
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PrP 25

one sequence one structure 40 PrPC

PrPSc

PrPC�PrPSc PrP �-helix

�-sheet 39 PrPC K

PrPSc K 142

27-30 kDa

9; 41  

 

 

 

1.4  PrP PrPC 

�-helix �-sheet 40% 3%

PrPSc , �-helix �-sheet 30% 45%  
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1.4

    Prusiner PrPC PrPSc PrPSc

PrPC PrPSc

template-directed refolding model

nucleation-polymerization model  

1

      PrPSc PrPC PrPSc

energy barrier

rate-determining step PrPSc

PrPC PrPSc

1.5a PrPSc

monomer 42  

2

PrPC PrPSc thermodynamic 

equilibrium PrPC PrPSc

nucleus

PrPSc

1.5b 43  
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1.5  44 a

PrPSc PrPC PrPSc

PrPC

PrPSc b

PrPSc

    PrPSc critical 

concentration PrPSc

PrPSc

1.6A

lag phase PrPSc elongation 

phase PrPSc equilibrium 

phase 1.6B seed
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1.6C 45  

A  

              

B                                 C  

 

1.6  45 A

PrPSc CR B

C
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1.5

    

23-88 scrapie N2a

neuroblastoma ScN2a PrPSc 46 PrP

transfect PrP 49 PrP

scrapie PrP 23-88 141-176 PrP106

truncated PrP106 PrPSc 47 N2a

PrP 114-121 PrP-res48

106-147  

    

108-144

human prion peptide huPrP 106-126 127-147

49

syrian hamster prion peptide SHaPrP 106-141 PrPsen � PrPres

protease-sensitive PrP PrP-sen protease-resistant PrP PrP-res 50

106-141 PrPC PrPSc 48 SHaPrP109-141

FTIR random coil

�-sheet �-sheet 51

SHaPrP109-141 PrPC PrPC PrPSc 52

106-147

PrP106-126

49 PrP106-126 KTNMKHM

AGAAAAGAVVGGLG PrP113-120 AGAAAAGA
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�-sheet 53 PrP106 lysine K

PrP106-122 pH �-helix/random coil

54 �-sheet

Blondelle et al. alanine-rich

KYA13K �-sheet 55

transformation AGAAAAGA 56 SHaPrP113-120

 

1.6

    

species barrier TSE

A TSE agent B B TSE resistance

57 primary passage

A B B A

incubation time B

B second passage

B B 1.7

chimpanzee squirrel monkey 58

59  
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1.7  a prion strain

serial passages

PrPSc K

size B

PrP

adaptation

PRNP

polymorphism transmission barrier

60  

    donor recipient PrP

PrP 61
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PrPSc PrP

PrPSc 62 Prusiner PrPSc

PrP

PrPSc PrPSc

PrP PrPSc29; 63

scrapie Sc+-MNB

PrP-sen PrP-res species 

specificity Sc+-MNB PrP108 111 Met

PrP PrP M111 PrP-sen

PrP-res PrP-res PrP-sen compatibility

PrP-res TSE 64  

1.6.1

94

16

PrPSc

PrP PrP112-187

PrP-sen PrP-res  64; 65; 66  

    in vivo cell-free 

system TSE agent 67; 68

PrPC PrPSc PrPC

PrPSc propagation PrPC PrPSc

58 Kocisko

35S PrPC PrPSc
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PrPC PrPSc

PrPC PrPSc 3F4

PrPC L109Ha V112Ha

Met

139 Met 109 112

69 Kocisko 138Mo/139Ha

154Mo/155Ha 169Mo/170Ha

70

Met138Mo PrP-res SC
+-MNB chimeric 

mouse-hamster PrP PrP-sen PrP-res PrP112-187

3

I138�M PrP-sen PrP-res 64

PrPC

142 Ile BSE 139

Met PrPC 142 Ile scrapie

142 Met 71; 72 138

PrP-sen119-140 PrP-res binding site 73 PrPC

138 �-strand 128-131 �-helix 144-154

loop PrPC PrPSc PrPC

PrPSc 63  

    

PrP PrP

seeding PrP23-144

138 species-dependent

cross-seeding 
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barrier adaptation

strain

PrP23-144 74

MoPrP23-144 ShaPrP23-144

PrP23-144 2% w/w PrP23-144 lag 

phase PrP23-144 2% w/w

PrP23-144 74; 75; 76  

 

1.6.2

    BSE PrPSc

BSE PrPSc PrPC PrPSc?

BSE PrPSc PrPC 77

PrP-res PrP-sen PrP-res 59; 68

PrPC  (PRNP0/0) BSE

BSE 78 vCJD scrapie

vCJD 250 PrPSc

BSE vCJD BSE 

68; 72  

    129 PRNP code 129

methionine Met valine Val polymorphism 71

PrPSc CJD

CJD PrPSc1-3 vCJD PrPSc 4 1 4

PrPSc Met129 homozygote 3 PrPSc

Val129 allele 2 PrPSc  129 79

PrP129
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80  

    

TSE 129 Met/Met

Val/Val CJD

heterozygous 81 vCJD

Met/Met 129MM 129 M/V V/V

vCJD 82  

129

PrPC129 Met Val kinetic

fold thermokinetic stability 68; 76; 83

propagation 129M/V PrPC

PrPSc  

    PrPC PrPSc

PrP PrP

PrPSc PrPC

7 22

1.6.3

    deer elk

CWD prion84 CWD

CWD

TSE CWD
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85

CJD

TSE

CJD

86; 87 CWD

Raymond et al. CWD PrP

BSE scrapie incompatibility

PrPC cross species PrPSc67  

    CWD CJD PrPSc Xie 

et al. 129 Met/Met vCJD CWD

88 target organ

glycoform pattern prion strain 89; 90; 91; 

92 elk-human Kong et al.

CWD elk CWD PrP elk PrP elk 

PrP 118-142 PrP 129M

657 756 TSE 93

Tamgüney et al. PrP

mule deer white-tail deer elk CWD94  

    CWD

CWD intracerebral inoculation

squirrel monkey CWD 95 new world 

monkey PRNP

CWD PrPSc 96  
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1.7

    Transmissible mink encephalopathy TME

Feline spongiform encephalopathy FSE TSE

TME scrapie BSE 97 FSE

BSE 98

TSE

rabbit horse pig dog

99

PrP PrP165-175

�-strain �-helix loop �2-�2 loop

PrP 85%-95% PrP

PrP-res �2-�2�loop

protein X protein X PrPC PrPSc

co-factor 100 �2-�2�loop rigidity

PrP 101 PrP173 Ser PrP167

Ser PrP177 Arg

Asp177-Arg163 salt bridges hydrogen bonds

hydrophobic contact

�2-�2�loop  102; 103; 104

1.8

    Protein misfolding cyclic amplification, PMCA

PCR 2001 Claudio Soto PMCA

in vitro PrPSc PrPSc host PrPC
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PrPSc105 Soto scrapie-infect PK

western blot

PrPC PrPSc-like 

protein 27-30 kDa PrP-res sonicator

PrP-res in vitro prion prion

strain PMCA

PrPC PrPSc

PrPSc prion 

strains/species prion-resistant

prion-resistant

 106 Vidal E BSE

PMCA BSE PrPSc PMCA

PrPC PrPSc PrPSc

PrPC PrPSc BSE prion

prion

BSE BSE 107  

1.9

    

PrPC PrPSc

75; 76; 108

109; 110 PrP

PrP :N173�S PrPC

PrPSc 111
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108-144

BSE

PrP108-144 109 112 129 135 138 139 143

PrPC PrPSc
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2.1

2.1.1

   Milli-RO PLUS 60 and Milli-QSP reagent water system 
 

2.1.2

                                           

Acetic acid, glacial J. T. Baker 

Acetonitrile J. T. Baker 

Dichloromethane (DCM) Mallinckrodt  

N,N-Dimethylformamide (DMF) Mallinckrodt 

Dimethyl sulphoxide, sterile filtered Sigma 

Dulbecco’s Modified Eagle Medium (DMEM) Gibco 

High Modified Dulbecco’s Modified Eagle’s Medium 

(1X)(With phenol red) 

Hyclone 

High Modified Dulbecco’s Modified Eagle’s Medium 

(1X)(Without phenol red) 

Hyclone 

Ethanol Riedel-de Haën 

Fmoc-Ala-OH AnaSpec Inc. 

Fmoc-Arg (Pbf)-OH AnaSpec Inc. 

Fmoc-Asn (Trt)-OH AnaSpec Inc. 

Fmoc-Asp (OtBu)-OH AnaSpec Inc. 

Fmoc-Gly-OH AnaSpec Inc. 
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Fmoc-His(Trt)-OH AnaSpec Inc. 

Fmoc-Leu-OH AnaSpec Inc. 

Fmoc-Lys (Boc)-OH AnaSpec Inc. 

Fmoc-Met-OH AnaSpec Inc. 

Fmoc-Phe-OH AnaSpec Inc. 

Fmoc-Pro-OH AnaSpec Inc. 

Fmoc-Ser (tBu)-OH AnaSpec Inc. 

Fmoc-Tyr (tBu)-OH AnaSpec Inc. 

Fmoc-Val-OH AnaSpec Inc. 

Fmoc-Ile-OH AnaSpec Inc. 

Fetal Bovine Serum (FBS) Biochemical Industries 

Hydrochloric acid 37% Riedel-de Haën 

2-mercaptoethanol Sigma 

Methanol Mallinckrodt 

Methyl tert-Butyl Ether (MTBE) TEDIA 

N-Methylmorpholine (NMM) Acros 

MTT power (Thiazoly blue Tetra-zolium Bromide) Sigma 

Piperidine Merck 

2-propanol J.T.Baker 

PyBOp Novabiochem 

Rink Amide AM resin Novabiochem 

Sodium Acetate anhydrous Merck 

Sodium Chloride  Merck 

Sodium phosphate monobasic Riedel-de Haën 

Sodium phosphate dibasic dihydrate Riedel-de Haën 
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Tris Hydrochloric acid 99.9% (TFA) Ampesco 

Triisopropylsilane (TIS) Acros 

Tris (hydrochloride) aminomethane (Tris) Amresco 

Trypsin-EDTA solution (1X) Sigma 

 

2.2

2.2.1

(1) - RP-HPLC VydacC18 column ( 218TP1010, 25 cm  10   
mm).  

(2) Thermodynamic solubility Agilent ZORBAX Eclipse 
column, 5 �m, 4.6 mm 150 
mm 

 

2.2.2

(1) NUAIRE biological safety cabinet AU-425-600 

(2) TOMY SX-700 high-pressure sterilizer 

(3) BECKMAN COULTER AllegraTM X-12R centrifuge 

(4) Eppendorf centrifuge 5415D 

(5) Agilent 1100 series variable wavelength HPLC G1379A   

degasser, G1311A QarPump, G1314A VWD UV detector  

(6) Agilent 1100series G1379A degasser, G1311A 

QartPump, G1313A ALS autosampler, G1316A 

TCC column compartment  

(7) HETO MAXI dry lyo 

(8) Dr.Hielscher UP 100H ultraschallprozessor 

(9) Automated solid phase peptide synthesizer PS3TM 
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(10) - BECKMAN COULTER DU800 UV-Visible  

spectrophotometer 

(11) JASCO FP-750 spectrofluorometer 

(12) JASCO J-715 spectropolarimeter 

(13) - MALDI micro MX™  

(14) Hitachi H-7000 

 

2.3

2.3.1

1 solid phase peptide synthesis  

108-144 2.1 PS3TM

Rainin Instruments

9-fluorenylmethoxycarbonyl Fmoc

0.1 mmole resin Rink Amide AM resin 0.4 mmole

Fmoc N

PyBOP N-�-protected 

C N, N-dimethylformamide DMF

resin Fmoc deprotection

coupling washing deprotection reagent

20 % (v/v) piperidine DMF activation reagent 4.45 % 

(v/v) N-methylmorpholine NMM  DMF coupling time Fmoc

 

resin DMF ethanol DCM resin

1-2  
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2.1  108-144

bPrP

1 2 3

bvPrP mdPrP mPrP huPrP haPrP  

 

resin cleavage resin

trifluoroacetic acid TFA  / water / 1,2-Ethanedithiol EDT  / triisopropylsilane

TIS  94 2.5 2.5 1 2

TIS water EDT EDT

methionine

G2 80 ml

Methyl tert-Butyl Ether MTBE G2 10~15�m resin

MTBE 10

4750 rpm 3000×g 15 TIS water

EDT TFA 1
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2

    108-144 50% Millex-HV 

0.45 �m Cat. No. SLHV 013NL, 13 mm

- reversed-phase high performance liquid chromatography

RP-HPLC VydacC18 column 218TP1010, 25 cm x 10 

mm, Supelco, USA gradient

Buffer A 94.9% water / 5% acetonitrile / 0.1% TFA Buffer 

B 99.9% acetonitrile / 0.1% TFA 3 ml/min UV275nm

UV220nm

Heto, Denmark

-20

- matrix-assisted laser desorption 

ionization-time-of-flight mass spectrometry MALDI-TOF MS

 

    1% acetic acid 50% acetonitrile

�-cyano-4-hydroxycinnamic acid (CHCA) 10 mg/mL 

CHCA in 40 % acetonitrile and 0.1% TFA TOF
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a  bPrP 

 

 

b bvPrP 

 

 

 



 

32 
 

c mdPrP 

 

 

d dogPrP 
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e catPrP 

 

 

f pigPrP 
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g lionPrP 

 

 

h mPrP 
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i huPrP 

 

 

j haPrP 

 

 

2.2  MALDI-TOF MS 108-144

a bPrP
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3638.791 Da b bvPrP 3656.747 Da c mdPrP 3665.802 Da

d dogPrP 3620.837 Da e catPrP 3670.763 Da f pigPrP

3611.78 Da g lionPrP 3697.774 Da h mPrP 3638.791 

Da i huPrP 3643.752 Da j haPrP 3706.676 Da  

 

2.3.2

1 time course  

    

conformational energy barrier

amyloid 

fibril

secondary structure circular dichroism

CD

�-structure 218 nm  
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200 210 220 230 240 250

-25

-20

-15

-10

-5

0

5

10

15

E
lli

pt
ic

ity
 (m

de
g)

wavelength(nm)

 0hr
 23hr
 46hr
 70hr
 92hr
 113hr
 137hr
 158hr
 185hr
 233hr

 
 

2.3  CD bPrP

random coil �-sheet CD

200 nm 218 nm �-sheet

218 nm      

     

    CD plane polarized light

right circularly 

polarizes light left circularly polarized light

far-UV , 170-250 nm

near-UV , 250-350 nm amide

n��* ���*

�-helix �-sheet random coil �-helix 192 nm

positive peak ���* perpendicular transition

208 nm 222 nm negative peak n��* transition

�-sheet 195 nm ���* transition

218 nm n��* transition
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random coil 195 nm

aromatic acid chain

tertiary structure 112  

 

    

prion peptide stock solution 2× fibril formation buffer 280 mM 

NaCl 40 mM NaOAc pH3.7 prion peptide fibril 

formation solutio 1 Tyr -

UV275nm 0.25 mg/ml

50 �M 25

10 CD 218nm

1 mm Hellma

200 nm  250 nm bandwidth 2 nm scanning 

speed  20 nm/min data spacing 0.05 nm

2 2 origin

fitting lag time 4-8

4-8 lag time bPrP one-way ANOVA

lag time bPrP significant 

difference background 

spectrum  

 

    lag time 218 nm F

ellipticity mdeg incubation time t fitting
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))]([exp1(/ ttkBAF m ����

kttimelag m /2��

  (equ 1)  

 

A 218 nm B

k h-1 tm

 

 

 

 

   (equ 2) 
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2.4  CD

dogPrP 218 nm

2  

 

2

    seeding seed
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fibril formation solution

13200 × g 20

re-suspend 500 �l

Dr.Hielscher UP 100H ultraschallprozessor

1 mm

40 % 0.6 1 5 1 cycle

1 5

20 4

4

monomer  

 

3

prion solution 0.25 mg/ml

25 mM NaOAc 175 mM NaCl pH3.7 1:1 50 �l

prion solution

5 0.2 mg/ml 50 �l

data pitch 5 response 1 band width

2.0 nm 1 218 nm

fiber

elongation rate origin linear fitting fitting 2000   

 

4  species barrier

    BSE TSE BSE

bPrP

bPrP
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bPrP

 

 

5  

CWD

TSE CWD

mdPrP

mdPrP

mdPrP

 

 

 

 

 

2.5  bPrP mdPrP bPrP
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mdPrP

homologous 

seeding heterologous seeding

 

 

2.3.3

    50 �M, 10 �M, 5�M, 1�M HPLC

3 , 25

fibril formation solution 13200 × g

30 HPLC autosampler

Buffer B 99.9% acetonitrile / 0.1% TFA

PrPSc

amyloid-precursor state  

2.3.4

    

transmission electron microscope TEM morphology

formvar-carbon coated 300-mesh copper grid recharge 

grid 3

200 �l

2 uranyl acetate grid

negative stain

TEM

Hitachi H-7000
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2.6  huPrP

huPrP twister  

 

2.3.5 MTT cell viability assay

MTT

3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide tetrazolium

MTT formazan MTT

acidified isopropanol 570 nm

 

 

      

              MTT                               Formazan 

 

2.7   MTT MTT Formaza  
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    N2a

10  fetal bovine serum DMEM Dulbecco’s modified 

Eagle’s medium 5  CO2 37

trypsin DMEM

3.5×105 cell /ml 96 well

well 100 �l 5  CO2 37 24

DMEM 24

well 100 �l DMEM

peptide solution 5  CO2 37 48

MTT 96-well plate

10 �l/well MTT 4 96-well plate

MTT MTT 100 �l

90  isopropanol 0.5  SDS 40 mM HCl

pippet MTT MTT

ELISA reader 570 nm

buffer well

100  

    Peptide solution 600 �M stock 

solution stock solution fibril formation solution 280 mM NaCl 40 mM 

NaOAc pH3.7 peptide solution 100 �l peptide solution

900 �l DMEM peptide 30 �M 50 rpm

24 96-well plate  

    MTT solution PBS MTT 5 mg/ml 4
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3. 1  

    

106-147

bPrP

3.1

 

3.1  

bvPrP mdPrP mPrP huPrP

haPrP
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3.1  bPrP

catPrP bvPrP bPrP haPrP pigPrP

bPrP CD 2  

 

    118.9

42.3 bPrP

1 112 Val�Met 129

Met�Leu 135 Ser�Asn 138 Leu�Met

143 Asn�Ser 3.1 bPrP 61.1

random coil �-sheet CD

3.2a catPrP

3.2b dogPrP 71.4

bPrP 3.2c pigPrP 117.8
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143 Asn�Ser

3.2d bvPrP

 -1.7 mdeg�-5.1 mdeg bvPrP

catPrP  

-1.1�-3.4 bvPrP catPrP bvPrP

catPrP bvPrP

1.65 �M 1.39��M 3.2e mdPrP 72.2

bPrP 3.2f

: 112  V�M catPrP 138  L�M bvPrP

135 S�N mdPrP 129  M�L

dogPrP 143 N�S pigPrP  
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3.2c  
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3.2f  
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3.2  bPrP

far-UV CD

218 nm 2

random coil �-sheet 200 nm

 250 n  

 

    bPrP 108-144 lionPrP

bPrP 112 Val�Met 135 Ser�Asn

112  V�M 135

S�N lionPrP

bPrP

3.3a bPrP 108-144 109 Met�Leu 138

Leu�Met mPrP mPrP 65.5 bPrP

bPrP mPrP 109 138

hydrophobic 3.3b  
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3.3a  
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3.3  bPrP

far-UV CD 218 nm

2

random coil �-sheet 200 nm  250 n  

 

    bPrP 108-144 huPrP

112 Val�Met 138 Leu�Ile 143 Asn�Ser 112

V�M 143 N�S

138 L�I

huPrP bPrP 3.4a haPrP 112
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Val�Met 138 Leu�Met 139 Ile�Met V112�M

L138�M I139�M 118.9 3.4b  

 

3.4a  
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3.4  bPrP

far-UV CD 218 nm

2

random coil �-sheet 200 nm  250 n  

 

haPrP mPrP bvPrP 118.9
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65.5 42.3 3.2 mPrP bvPrP 109

bvPrP 109 Leu Ile

incubation time wild-type  mutated PrPC

35S PrPC scrapie

M109 Leu Ile scrapie PrPC 113; 114

mPrP 109 Leu bvPrP

bPrP139 Ile�Met bPrPI139M

haPrP bvPrP mPrP haPrP

haPrP 139 Met mPrP

109 Val bPrPM109V Val Leu

bPrPM109V mPrP

mPrP bPrP  

 

Peptide                   sequence                         lag time (hr) 

3.2  mPrP haPrP bvPrP bPrPrM109V bPrPI139M 108-144

 

    lionPrP catPrP 1

lionPrP 135 Asn catPrP Ser

135 Asn mdPrP 112 V�M

135 S�N
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lionPrP bPrP 3.3  

Peptide                   sequence                         lag time(hr) 

 

 

3.3  catPrP lionPrP mdPrP 108-144

mdPrP 135 S�N bPrP catPrP 112

V�M lionPrP 112 V�M 135 S�N

bPrP  

 

    109 Leu Val

mPrP bPrPM109V bPrP 112

Met catPrP 129

Leu Val dogPrP bPrPM129V bPrP

71.4 57.9±26.3 134 Val

bPrP 55.2 135 Asn

mdPrP Met112

Met112 lionPrP 138

Met bvPrP mPrP haPrP

bvPrP Leu109 Met112

mPrP haPrP 139 Met bPrPI139M

143 Ser pigPrP Met112
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Peptide                  sequence                          lag time (hr) 

 

 

3.4  bPrP

haPrP bPrP 3 V112M

L138M I139M catPrP bPrP 1 V112M

N.D not-detectable

 

3.2

PrPC PrPSc

species barrier PrP

seed titration method

 

3.2.1

1
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nucleus 2

3

Harper and Lansbury,1997

3.2 30

200 seeding

1

seed

1

    

0 normalized

1×10-4 mdeg/sec

1×10-4 

mdeg/sec 1×10-4 

mdeg/sec

3.2.2 bPrP

    TSE

bPrP108-144
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Low barrier
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3.5  CD bPrP A
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bPrP 218 nm

B

amyloid elongation rate seed amount

 

 

    bPrP

0.5% 0.5% 1% 2% 2% 2% 4% 8% 8%

normalized  

                                             
Normalization seeding barrier = [seed]hetero / [seed]homo 

                              

[seed]hetero  

            

[seed]homo  

          

 0.5 0.5 1 2 2 2 4 8 8

    3 1 bank 

vole mouse cat 2 hamster

lion 3 dog pig

mule deer bPrP 143 N�S

135 S�N strong retardion 

seeding factor 8 129 M�L
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4

prion resistant 102 129 M�L 143 N�S

135 S�N oral CWD

CWD

135 Asn 112 Met M112

strong acceleration seeding factor PrP

�-PrP

112 Met

143 Asn

M112 138 L�M

bPrP bPrP

0.5:1 138 Met

139 Met M139

4:1 �-PrP

2:1

bPrP

3.3

3.3.1 Met Val Leu

    bPrP 108-144 2 Met

M109 M129

Met 109 129 mPrP 109
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dogPrP 129 129 PrP129

polymorphism

Met

Val Leu bPrP

nucleation step dogPrP M129�L elongation 

rate 129 Met Val

69 129 Met Met� Val / Leu

M129�L Met

Val Leu turn-forming

3.5

3.3.2 Val Leu Ile Met

    108-144 139

Ile�Met bPrP

139 Met 139 Ile

69 139

Met Leu Ile Ile �-sheet 139

cross-� 138 Leu

Met bPrP Met138

112 Met

Met112

M112 lionPrP haPrP huPrP

M112 M138

M139  
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3.3.3  Ser Asn

    Ser Asn Asn Ser hydrophilic turn

helix 3.5 135 Ser Asn

bPrP 143 Asn

Ser bPrP 2

S135�N N143�S bPrP
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3.5 

 Met Val Leu Ile Asn Ser 

Branched at �-carbon - + - + - - 

Hydrophilicitya 

(kcal/mol) 

-3.87 -0.40 -0.11 -0.24 -12.07 -7.45

Hydrophobicitya 

(kcal/mol) 

-1.41 -3.10 -3.98 -3.98 7.58 4.34 

Van der Waals volumeb 

(Å3) 

124 105 124 124 96 73 

�-sheet forming 

propensity in 		G 

(kcal/mol) c 

-0.46 -0.53 -0.48 -0.56 -0.38 -0.39

�-helix forming 

propensity in 		G 

(kcal/mol) d 

-0.50 -0.14 -0.62 -0.23 -0.07 -0.35

Turn potentiale 0.57 0.70 0.66 0.59 1.44 1.15 

3.5  Met Val Leu Ile Asn Ser  
a 1988 Biochemistry 27:1664-1770 
b 1984 “Proteins: Structures and molecular properties”  
c 115 
d 116  
e 117  
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3.4 thermodynamic solubility

    PrPC PrPSc thermodynamic 

equilibrium PrPC PrPSc

oligomer

nucleus PrPSc

20 mM NaOAc 140 mM NaCl pH 3.7 CD

PrPSc amyloid-precursor state

3.5 Val

Ile Leu Met Asn Ser haPrP

bPrPI139M PrPSc

bPrP mPrP mPrP

M109L L138M bPrP
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3.6  
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3.6 

Peptides
lag time 

hr
Remaining monomer 
concentration (�M) 

bPrP 61.1±10 1.95±0.33 

catPrP / bPrPV112M N.D 1.65±0.11 

dogPrP / bPrPM129L 71.4±12*** 1.19±0.07*** 

bvPrP / bPrPL138M 42.3±13.5** 1.39±0.01** 

mdPrP / bPrPS135N 72.2±5.5 1.62±0.24 

pigPrP /bPrPN143S 117.8±1.5 2.79±0.23*** 

lionPrP 
(V112M,S135N) 

51.2±14.3 1.63±0.06 

mPrP 

(M109L,L138M) 
  65.5±6.8*** 1.09±0.02*** 

haPrP 
(V112M,L138M,I139M) 

118.9±4.9*** 2.95±0.59*** 

huPrP 
(V112M,L138I,N143S) 

61.8±8.4*** 1.16±0.07*** 

3.6  

 

3.5

108-144 140 mM NaCl 20 mM NaOAc pH3.7

morphology

transmission electron microscope TEM

twister 8-10 

nm 1400 nm  
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3.5.1 108-144

108-144 140 mM NaCl 20 mM 

NaOAc pH3.7 TEM

bPrP twister

cluster

align 

parallel twister 3.7A

catPrP V112M

3.7B dogPrP M129L

catPrP 3.7C lionPrP V112M S135N
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3.9 

Peptides
lag time 

hr
Cell viability 

%  

bPrP 61.1±10 76.5±5.7 

catPrP / bPrPV112M N.D 63.8±3.7 

dogPrP / bPrPM129L 71.4±12*** 77.7±5.9 

bvPrP / bPrPL138M 42.3±13.5** 69.7±6.7 

mdPrP / bPrPS135N 72.2±5.5 85.9±6.1 

pigPrP /bPrPN143S 117.8±1.5 67.3±4.8 

lionPrP 
(V112M,S135N) 

51.2±14.3 73.4±6.0 

mPrP 

(M109L,L138M) 
  65.5±6.8*** 77.2±4.3 

haPrP 
(V112M,L138M,I139M) 

118.9±4.9*** 93.0±5.9 

huPrP 
(V112M,L138I,N143S) 

61.8±8.4*** 78.9±6.9 

p<0.05 p<0.01** p<0.001*** 

3.9  
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 TSE TSE

TSE agent

agent

BSE CWD BSE vCJD

TSE

prion agent donor receptor PrP
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peptide
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BSE

CWD strain strain 135

Ser 1 2 strain 135 Asn 1 8

vCJD

CWD

TSE bPrP

M138 L129 N135 M139 S143

peptide

huPrP bPrP dogPrP pigPrP

4 8 BSE

mdPrP mdPrP haPrP 8 CWD

mdPrP huPrP 16 CWD

BSE

4.1

PrPSc

lag time

1-94 PrP-res

inter- intra- protein core

natural ligand 106-147

compenstae
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PrP-res

 

4.1  

Peptides
lag time 

(hr)

Remaining
monomer 

concentration
(�M)

Normalized 
seeding
barrier

using bPrP 
fibrils as 

seeds

Normalized 
seeding
barrier
using

mdPrP
fibrils as 

seeds 
bPrP 61.1±10 1.95±0.33 1 4 
mdPrP/bPrPS135N 72.2±5.5 1.62±0.24 8 1 

One-residue different 
catPrP / bPrPV112M N.D 1.65±0.11 1 2 
dogPrP / bPrPM129L 71.4±12 1.19±0.07*** 4 4 
bvPrP / bPrPL138M 42.3±13.5* 1.39±0.01** 0.5 1 
pigPrP /bPrPN143S 117.8±1.5*** 2.79±0.23*** 8 4 

Two-residue different 
lionPrP  
(V112M,S135N) 

51.2±14.3 1.63±0.06 2 2 

mPrP   

(M109L,L138M) 
65.5±6.8 1.09±0.02*** 2 2 

Three-residue different 
haPrP 
(V112M,L138M,I139M) 

118.9±4.9*** 2.95±0.59*** 2 8 

huPrP 
(V112M,L138I,N143S) 

61.8±8.4 1.16±0.07*** 2 16 

p<0.05 p<0.01** p<0.001*** 

N.D not-detectable 
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