OblSe 9 33wl i

VA0 50l [ ¥ oslad | ot s | L (SCigy o sle oK1 alns

gy s

(PRNP) Sl (399 y1 (3 g 39 (45 00aS oS 4l

Y . Y - . o) -
o g e ¢ glolld yno 0,8 (ou> ) debld okl ()98
Ol s pla oRadls by pole 0uSisls ( gwlidicans 09,5 -\
Ol a3y e oodhool ol3T ol&zils ¢yg 5515 al casls pole saSiils S5 05,8 -Y

VYR FIYF sl i pdy ol VRO Y/ 0 sallie <l s &5

RS

7 G35l 8 S Slapand e plee nl )3 g axBlis Ol 5o (S5 o ol Jele u g5 ST (slapandyga y iBuB g diro
S oad i lsS sle Stz oled (e bLsyl Jlazol sy B b 5ol 5 i oo Airoloial (slbosiloydly o yois el (NSSNPS) 83l 2e
el oasiplonl g los 592 9 (Sl G2z 5

FOldAMYI0id (ka5 s Lasss 5 gl y5cnsl UNIPIOE 00l oSyl 51 sl (35238 (g 05 sl po8g3a] atpslimsl g aslllas el o :ahg s 9 Slgo
Lasgs g g3l ADSNP 0313 oS3l 51 pain s cytl Bolyio yob osistlS s oS5 (slbmansd ypo cly soled Cypizrad 28,5 418 ws)5,90 AMylPred
SNP ¢y 5,L05L 5 s 51, MutPred 3 Meta-SNP PHD-SNP.SNPs&GO [PANTHER.I-Mutant-3.0 PolyPhen-2 SIFT  S5lesiilgn (sl g
23513 L)l e

Slsieas 1, TE-YAY 5 YVV-VAY OASVAT AVEIVA D18 >lsi AmylPerd 5 FoldAmyloid (sla g s bassi uisyy i oy iglis
Sojs s Lawsi (e8g ol pfgnl SNSSNP plos U2 5l reizman 33,5 (Byme (b sokal Wig) 53 s St (n b
OSgp il o NSSNP p 5 )Leyb s ylareas |, 1511538766 (gamlis L VYA sl 0 awl oLl slaas opdly (05500 0550 V0 condsooliul
O OSsn Oleitle 53 G 0nkok Olsea (DI78V) WA Cudge 10 ael S Lol ey lly (s Suler s bl 2 15 S e
OxiSen e2lad 0,8 o (Gain of sheet) Lo \Lisle ol38l o cd¥s 5.5 MUtPred g, lawgy oulsdsl)l JsSdge puniilSa ioron 0l (dim ion (Sl
g dlgS (l yd ST oz g 9y Jloil Al e 45731

DI78V iz (Sl g Gegn B3l 1o (sodgilSsh SO slapnd y90 Sk guals Clols

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

MYJJbiwém%;ﬁdpbjojwloww
WYelS rego o).,fsa S0 L YYI-YAY g V=YY alonul
3 )18 Gesn Gl S 5,5 Sl S0 &S O e
lacselasl Jlgv Jolds o 3 a4y oS el Wl o )L ¥ Mo
Yoo YYA 5 (F gl VIFAVY () gale) VOFVFE
slo sl ¥ bls a4l cpl uioren g cosl (Vg ,l)
YY) el I Jals 45 ille gz b (g3ls0 obisS
U Sl (F 1 5Ly VPV EF 5 () Ll Jlisla) VYA
Ot 9 WA (s aiel sladen] (o souilsmss
¥ il e 5 ¥ (lal] g e Jlasl el a5 5 ls L3 YV E

doddo

&3, »» (Human Prion Protein) Slusl e 0eS9 8 05

a5 o0 LB Y lg 59 ) lg Ve pgiees,S olisS (o3l
SIS o5 opl Lawgs odigd O .59 9940 o0 0duel PRNP
OeiSgp Jlle el 05 adgl HleSle o aialdl YOV
a5 ool Sl a4l g o S5 U Y Sl Sl 0
ol ST 095 oo bate CU™ 4y oS oS gla )| S5 5
S 92,5 slgil g 0gu o YY-IYY ool Jolis g ol
YYO-YYY laaialonl 5 g sl VguglS yungs &y g0as a5

095 ple oKl @l pole 0aSiils ¢ cwlidiun; 05,5 Sl (495 1 gumnn o g3*
Email: k.bamdad@farspnu.ac.ir Olyl

journal.fums.ac.':l


http://www.sid.ir

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Sl 09203 0 23 Disslesn B Ewd 90 A

W40 5ol [ ¥ osled | it Jlo [ Ld (S she ol K515 alons

Sall) gexd 5 sw,y 9 jlen Jlie o (oanbyd
sadisiytaliy Sy plog «Jsbocr slad o gadsll
Syl & 0gbion ools (oras slasbe alwgar (Jolo
39,5 50 3he 40 Sy olml el (el D) ondis 50l
(VYY) 05800 S S)lew sbml Sl a0 4

I Seelis gilead 5 Sl Dbl
ogdle A (Ghlwbiay Omn eBen 595 slacmess
a PrPC Lo o 1, (Helix3) ¥ gl 9 (Helix2) ¥ gl
Siloygiilyn Slidlls (YO YF) wiles,S slgii PIPSC
@ @b RS G b T s Y gl oS was e LA
sl GlacaS 5 G8pd 0 2Uly g W Slxie g
(VY Y8) s G55 ol ) o sle 45 5 y90y0 0l b
i sl Ha g Hz clageay o a5 wlosls oLt a g jludpns
5| eSS Sl i Wb g sl Sl PIPSC o, PIPC
(VA) &S oo sl ]y g0 by oy JSCa5 Ulg5 H2 )l
i Ha g Ha e lo 45 a0 oo Lt il lalllas ]
Hi geple (blie ;0 alien (0 0 (sogbeal 4 (s |
P ST g le JLlo 5 Cad (5500 sie g
Lads ol Al puly oy25 Ll 5l glos S cads jo PrPC
(V) 05l o0

) oefan oSdes Bolie e GSNP S j5boa,
Oeizes g Jub ololy ganal slavel 5 i ©j90n
S e o 513 b cou ] Glesle 5 eSS
S5 £ iy e (SNPS) (0352lS 55 S5 (glapomnd 0
e $05PlE S5 slapand pady Ol (nl jo ST Eul
-0 Slaselasl saile B yo yuss el (NSSNPsS) ol e
(YY) wigd

ot Ul SIFT g aiile (SSleysdilen sl
ok Sygme ol il Lla 1y j5lol; sleSNP
e 5110005 LSNP (alyty b aiiS o S Le a4y o0iiS
L olem obml o 550 05 o LSNP (ool slass
Ol 009 Lok R Sl (TY) oo 18 () 20550
G o elSs b ateelagel pad Lis Lulul L, LSNP
Jeiml b g g lul 5 b3l s 5o anelal
Olomio 5 Wl goylo) elisn poo gla)lisle ;o o jea>
Sl a5 S ST 5l 0 e Ol o
pnsilSio b BNSSNP Lo )| sy cinsl (sl

journal.fums.ac.ir

WAV (3l diel (sloal 5o aly3oSlS aml 90 09 o0
ol ) (g ke 3l g 457,10 0929 VAV a3l
o 39S 50 Dyze BT (65 armdly 35S Akl B (538
o, Jolo s & (o5 (9mmsdljsSelS sl oLl
65 eyt 5 055 (LS5 S sl ko 316 0550
lié () gl Jyujsnl hoslewd 555l Gz
O-)) 553 Jate Jsbo (ool

Oby (S04 598 (S n Geign (Shel i g colad
S Jlea! i iz 0990wl ulul (S cconl sauis
3 S daggyy Slbl e il LSS alex
S sl S5ult 5y it 5 sk o S
ol Sl primen 5 WS s T slr
o S On @l Vb bl b placend axly lagnss
e p3Ise 5o L5 lagpn alex 511, lagl it
ONV-A) asls o 55

bt A9l 5 PIPC Jsun (ntisn (ol pi855nl
PrP€ .s,ls b PrPSC (Scrapie Prion Protein) « .i5g, (!
2oy ¥ A Soop ol lade g Wz ke duoyo FY axly
ool 6 ls PIPSC 13 6 Loy IS5 a8 Il o .l Ly lrio
23 8 eS Gl e )l g oo, FY sg0> 0 Lo Slao YL
ERTYROISIP-3| vE WRGA USSR Q] U B § RUWWI IR VSR (e E
e ST N[\ SIS RS TPRY
LMool b g (gmas phuacs 00iiS 0,56 o lony o
ceale .(\F) 05,5 . neurodegenerative  disease
Sl 0aiSTy 5 (S5 (Sohe SSb A & S0 slas Lo
- el 0aiST 5 (S5 Sl ) gepe G Gz oS
0] o0 3529 4 PIPEC Lavsgs (5 Lo ciliis 4565 4 Togas oS
st Lawg oadolnl sl e Gyipge 45 (1V-10)
Sslew (CID) 0gSamaldzng S ol Ll )3 lacnasSs
Sl b e F SiLas W(FFD)  Solgls oansS Ll
O OA) wibly g 5,55 5o 5 (BSS) S

oobed &3 5l L PIPSC 28 5 g0 clalllae polasl 59
e ad GbUSS a1, o] aslisl  ewnilSe b PIPC
Pt 5 eSS S s PIPSC ik (8L g 0 oo oS
b e STy cpl LaPIPSC slass ol b ogd o
$glal slaaiss ) g oo Jaie oo 4 b codls aunlys fles
G ian ol o Comslie s 4y oS sbmyl Jelrals

™ [wwSDil


http://www.sid.ir

W05l [ 7 olad | s Il | L (i e oSl alns

O 9 33wl i yes

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

2910k 5 GLNSSNP 0uilS (Lot ey (51o 59 o0

S5 slapadieedy eaS g by
sl 2y g 4 ooliuls g0 55l0L5 GaslS'ss

Sorting intolerant from ) SIFT Ml 9, SIFT
-acelagn] (030 la g i 4S5 Cusl (g9 (tolerant
5 JI8 Sidsen ol 2 1y Ben 3 les SIS 6
STyl S e 53k anelannl (Soleid sla S
oSy Wlgee oeisn LSl o anslul Sl
ans 58 sl cod 1) atign 0 Shee 5 gl s sl
Susslased oSy 2 o5 3l sgry o Jleisl bl
S5 Sidsen Gk ) jopm il ST 5
OBl dadisS le 5l lagregs 5 Lo pe slagys b ko ge
& sn Rl S (See aelogul Vo den ules
plaS 2 aseis a5 wws o )5 a4 1) Il ol g WS
oS b yo g ail i ol lls wilgs oo NSSNP
2 Sy ey onl lawgs odslamods asl .l Foadlaas
ool o=V o goae el SO Oygea NSSNP
O ygods P[40 goas asls L sas b, slensSNP
(tolerant) ,Lo\L; yue & je0 ol e yo g (intolerant) o L5
PSR SRoR

» 1, LNSSNP L5, Polyphen-2 4, :Polyphen-2
sl ol yog (Kl oolaisl) Position specific lu!
sy ol e Sle 4 wese plil anlal
Ol o0y o Slas Lulul 5 1) laelonl slo o5l
2 oefen @l dlg wasee el (g 5l 4l
S ates sailias Galise gbadisS o JelSS Jsb
oo glosliatul (Jy wlo ufign oSlee 0 (6 mts
30 SIFT g, JoSe Polyphen g w w)ls 044 o,bcplyo
Sl el (295wl Jlod 4 pslols slansSNP L)
PSIC (Position- sous  jazls & Ojsods jom oyl
O alie slasae lyls as” specefic independent count)
Gl o me abl J G055 ) dac a4z aS Csl ¢ g
SoaelS b o al 5 ol (295 009 Jbobk) Ol
L Jo=s L8 4 Possibly damaging 4 Probably damaging
g g0 ools Lis Benign aels

Support) SVM g, L SoSS S :I-Mutant-3.0
Sl ol st wlel 3 <l (Vector Machines

YAY

JeB nl Sl o)l 5 oean 50 st eaSody (JsSUge
3,lg0 4 195 oo diged ylgicds Slalllas Cews () dax 5]
a5 B8 oo VoIV Jlu jo oS dbsed 19900 o)Ll 55
Ol O n eB9n Il Comlas (om0 GBSl
oddai>ls,,  (Position-specific scoring matrices)PSSM
S S 85 (259 5l 2l I owyp by (FF) Sl
GNP sy Geizman 5 (V0) Ceol a3l lemsly (alishs
9 PANTHER (Auto-Mute 39y Y dlwscb OFR 9y
0%y 9 0595k sNSSNP 4y a0 ol as” PolyPhen
Sealns gilwans 5l odnlcawsa mls § 48,5 & g0
(¥F) el Lol WSNP
Luwg PRNP o5 nsSNP  Jbj)l ol adlas o
I-(YA) Polyphen-2 (YY) SIFT _ Slo,sailsn sl g ym
«(fV) SNPs&GO «(f:) Phd-snp «(¥q)mutant-3.0
yolaieds «(FY) Mutpred 4 Meta-SNP  (fY)Panther
Onn Oisn 5o dsrse SWSNP (slol; alulis
(o) FoldAmyloid 4 (f¥) Amylpred sls,g s 3l 5 sl
ol o o gadsheel 4 Gele Sl Iy alelis @l
Gl asls 5 lobne o L .l onds ool opuiig
oabols slitwl Yo 10 (yg,m o (gl el oolawl goue
)5 )1E s p 50 bgue Oygons lag)] 51 G e sl

o g, g olge
odls oL

(MSSNP) Bolie b (50s3ptlS 55 oS5 (sl n ol
ool Lwg (PRNP) (SLusl (92 50 (o9 0 (sl 030158
5 (http://www.ncbi.nlm.nih.gov/SNP) (¥#) (dbSNP)SNPoosls
ools oL 5l Fasta cuoyd 4y cpufigp ool dicalonwl Jlgs
Sy90 Vo0 3l a8 ael Cews 4 (P04156) 3,65, L uniProt
s,gm abewgas ADSNP  lawg oowlcwssas NSSNP
sl 090 55l0ks GLSNP 0aisS i i (Silo joiilsny
odls oL 5l S sos lom b bas o LSNP g b 5 | 3
8,5 1,8 axllacs 50 UNiProt 4 (FY) OMIM

journal.fums.ac.ir

[ww.SID.id


http://www.sid.ir

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Sl 09203 0 23 Disslesn B Ewd 90 A

W40 5ol [ ¥ osled | it Jlo [ Ld (S she ol K515 alons

soae sloazls g utign Jg IS 6l Hloges SO &) g0a

AbSNP gosls oL 5l ezl el slaNSSNP - oles
Sloy o3k 4y byye olaws o)) Wigd oo Jolis | 3,00 140
Gy b byl oy ay dalsl o a8 (Conl 3o plovl
s oS ol S5 4 pY ol walys o Lol Slesiilsns
ks Byo g 5l 25 so0e slagasles SV pox>
load 5155 e o @l slels 4 by
SIFT g 5l oadz] Seinl Lok sWSNP
SESS sl SIFT gy 5l odnlcassay mls ulwl
310k5 g g oy5e FoNSSNP V-0 Sl ey
S3bs FSsS Joos sl 05 51ls 45 Wloah s i
il +/+0
PolyPhen-2 ;g lawgs ouls 8L ,LoL s sWSNP
Sy90 FF sy 9w (ol dawsi aS NSSNP V-0
PSIC (Position- (el o pes gyl a5 wious olols Lok
4> ,» .l 5 ) ule specefic independent count)
Foe RSl asl SShep ) vae 4 Jol (29>
RTINS
1-MUtant-3.0 g oo awsss o il Lok SSNP
NSSNP o) s gl I-MUtaNt-3.0 g, 5l al> o ol 5o
e Ol e 5 el @l elul p eenl oadosliul
59l0k; NSSNP - VY iadllass g0 NSSNP V-0 (ol
o Vopl sl easlcassds mls 4y az g b el oas olulis
2310k5 S e jsbas j5ym ¥ ye bug a5 LSNP ey
2 S sere O bawg B o9 oo gl il Wil alis
Sboby Syiie jebay jam ¥l Lawgi NSSNP YO 45 54
5 SNPS&GO j5,m ¥ lawsgs ooy <dly ,boyl; swSNP
:PHD-SNP
9w ¥ dawgs sadgl izl Lok SNP YO ow)
,sbas PHD-SNP 5 SNPS&GO 5,00 ¥ lawgs a5 L3
o wad gl SNP VD codl oad wyp S i
E200K P105Q :Jols 5 wxibise cmple 51 5,Lob;
D178V R208H G131V Q217R F198S D178N

journal.fums.ac.ir

oS ST 35l Sliei Gl (e Bl el (s
Oygods 9, BB ass o olii 1) (DeltaDeltaG=DDG)
DDG>0.5 5 DDG<-0.5 5 _«-b -0.5< DDG <0.5)
wlS L LSNP (o5 j5lols ) 9gdioe (it Gslobk
oles Increase aelS b LSNP yog 41L& o Decrease
(598 o0 03lo
PHD-SNP .. :Meta-SNP 5 PHD-SNP .SNP&GO
S5 Slapand ooy Sl anaies 4 SVM () (bl
NSSNP &5 jLie Jlai>t cin i sy 0300 53 50 (6959505 5
ookl yo e ¥ ol 5l g lows oloul jo i 4o caliolxy]
alS L oslem L ol LLs,l nsSNP o (sl 35 e
alS L syl LSNP o9 Las,e & 5 DISEASE

Sl oo 00ls Lz NEUTRAL
PANTHER (protein analysis through evolutionary
I, s@SNP PANTHER ,,,. relationships likelihood)

ot 1) 998 (e p 0 ySes 1 (618 Bl o Wl o0 &S
Sooesn 55 elSS (Ad)ee wlul p jgpm ) S (o
R A S e
SUbPSEC (substitution position specific sosclslas~
W2 oo plxl |y oo in ol evolutionary conservation)
ol wsl G035 s 4 SUDBPSEC jluas a5 Sl
salys 55lok; Al 5te o Glie 422 5 el 3B (g
0sloks 58 P>-Y g 55105 P<-T) o5

NSSNP =5 \liee Jleix!  cmim sl :MutPred
- o0 oolaiul jo ol sl 6 lew Sl jo (5T 4o ol
et VF st (2U195 9 cnl &5 bl (nl b o9t
Gl I 1, LoNSSNP Lawsgs (u5g 5 30 s Slmy)  JsSgo
@i b, bl el b Gl Jleglsiea)
oMl b oS by anselasnl il 5l e T g b
tal] i Sl 51 s A5 )5 (ensdl it slap IS
97 P 59 Ol (2Ll &5 (Gl K00 lapasilis
g co ol 59Tyl GNSSNP g s oyl Lansgs

Sloogi 4 lus o Jlgi 0uldS’ (Son i, b9

oo godglaol 9 (g s

ol sl g 59,0 Y ol AAmylpred 4 FoldAmyloid
osheel s bl (g 50 1) ol sadslel &
loygrm (pl 5l Jol> (295 &5 WS (o0 glulid pad



http://www.sid.ir

W05l [ 7 olad | s Il | L (i e oSl alns

O 9 33wl i yes

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Y §) e 5 S iie jsbas IFIMUTANT-3.0 4 PolyPhen
o] il MSSNPY® PHD-SNP 5 SNPS&GO g s
S wad i Glen obml b ki 5 slol;
Q217R F198S D178N [E200K P105Q :;l wilew,le
R148C N181S R148H D178V R208H G131V
G127S F12S Q212P R25C

NSSNP 5,50 VO 31 conliplxl o0 Sldllas b avglie o
Q217R «(b+ f1) DI178N «(fA) E200K .Sl 3598
5 (OF) G131V «(&Y) R208H «(OY)F198S .(O))
1 4385 5o calSiyle] Slalllas 45 455 L (BO)R148H
SleMl ulul o )5 S sl b e
O ole ol 5l (ADSNP) SNP ools ol5L 51 swlcwwsa

ale> ;I R208H 4 Q217R [F198S D178N SNPE200K
Geiod al gl o g Lgd oo (gabaiwsd ()55 (sLaNSSNP
sl ¥ 3l PSIC o005 g + iy SIFT 6 a5 glls NSSNP ¢
D178V G131V D178N P105Q slnsSNP J.Li a5
e Goie ol olgiedy a5 cudl G127S 4 R148C
bugi 6510k orizer 5 oo, Shes 1B 5 (Sabcbli>

s Vol 9 w08 (Gt FMUTANT-3.0 55,
loads 5,15 6 lew b s e 55 PHD-SNP sSNPS&GO
«(D178V) )] ¢ 393! 5 D178N slanSSNP le5 o ol ol
s3> 1, G131V 4 P105Q «(R148C) .1 4,355/ 5 R148H
05 IS Sl Hp (w9 GNSSNP 0 5Lk
P- sae g -Y 5| 5S> SUDPSEC soue azls s
oy g PANTHER 4,0 slp /0 ;I 55,5 deleterious
09 4z ST .ol o Meta-SNP 9, (sl - /0 5l 55,5
45,55 50 DITBV p sl 53, » (ASELT Sl
25 syt 3 edeliessay anil 4 arg L oS cl
D178V ol pué sus9ilS el U pansd 50 by MuUtPred
psilSo L 0.0266 [P-score o,o5 ¢ 0.859 (G-score o,ei b
-0b; Olsieas (Gain of sheet) Ly wlxao ioli8l (Jese
S5 pedygely 0y5e V0O ggaze I NSSNP oy o

)J‘)JPSIC 0y0d g * ))‘)JS”:T oﬁabdd‘ﬁﬁéwﬁiﬁy

YAY

G127S [F12S Q212P R25C R148C (N181S R148H
g s

s Meta-SNP 5 s ¥ Lawgs ooy <l Lol (cleSNP
PANTHER
S i ysboas Meta-SNP 5 PANTHER (ol )3 alosgas
b wo,5 obxsl LSNP 5,1l olgieas NSSNP F
poetle 9 955 I3 oy 3,90 MUtPTED )5y aliwsay
Oere el Slpei ol bawgs (g lom Sl JsSge
GI31V) Julis og, ol dawgs sowlcwwsas NSSNP ¥ o5 5
<l (R148H 4 D178V R25C

MutPred g, lowgs cos b L)L LSNP

ShodS Ul sl Sl ol mls owyn b

5 D178V R25C G131V (cossilSs o5 (olappmndyge
sl ol saielanl (3Rl 5 a3 3 (o) 090
rs11538766 awliss L VWA olSle o sl Syl
sl MutPred 9, bawsi oud (65 i (J9S9e pasilSla)
Slsieds (Cool by Slio sbmyl Liglidl 51 Sl SNP ol
Jol Gl s et n SLle 0 NSSNP (55105
IRV

Slaygpm dewgts pign JIg U5 (omin jl Grizen
D10 glarolowl slo Jlgs AmylPerd 4 FoldAmyloid
S yidie b YE-SYAY 5 YAV-Y )Y AAF-1A+ (VA VE
Slaeloal Gl I n Fosles Dlyieds j9,m ¥ 52 b
IRCRVPE ST NNV PRV 7Y WO I ES S

3 : y
7 S5l P ST ot jon sk B Coeal Jdo 4
SLNSSNP ) 4y sole i ol ;o (NSSNPS) ol 2o
Sleysiily sloygrm b PRNP) Sl 005y (o590
DAoLy e Gl @Sk el L ks
el 0azazsls 1y (PRNP) SLadl g 50 o590 (slaNSSNP
5 ooliiul 3G g pods Cewl (Kae 4,51 a5 Cenl S5 a3y
59 ,Skos & 4255 b Ll 1S ool s g bt 55 3
)‘ éy.u uL?Lu‘ WS)J P Gl 00l S Lb)j)&: C80
SIFT )9 Y .]a...uy (0)540 \~()) lansSNP JS o

journal.fums.ac.ir

[ww.SID.id


http://www.sid.ir

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Sl 09203 0 23 Disslesn B Ewd 90 A

W40 5ol [ ¥ osled | it Jlo [ Ld (S she ol K515 alons

alid b IVA ol 5o sl Skl e ol
0 5T Joge el (ypizan 5 1511538766
Sloul (iul38l & ye0as NSSNP ] 6l MutPred g, lawgs
L3 NSSNP s 5,610L 5 oylgieas (Gain of sheet) Ly lxas
¥ IS srn 3l s b Gt PRNP s 5L
Slysre abssar Gladl Gmn eBsn lateland
D-V0 (glaolonl sla JIgs AmylPerd 5 FoldAmyloid
S i yabods YE--YOY g VAV-YV) VAF-VA- VA-VVE
ool glaJlss n Fosba Glsisar jopm ¥ 52 Lass
o OeSep ool Sl jo b sudelal sbml o

=

NUVRPLY

@‘é)h\éj Sf...

5 ol 55 ol o815 31 ails o 039 055 5 Wiy

Coles | Lo | Gudodd o, ploxil 4y jo a8 Jlse ple
Aigles glo,ad g S oS Hlesal) g

&L 2,
il 00 S5 wdlel ) oxdlie o)l aisS g B asn g

References

1. Puckett C, Concannon P, Casey C, Hood L. Genomic
structure of the human prion protein gene. Am J Hum
Genet. 1991;49(2):320-329.

2. Viles JH, Cohen FE, Prusiner SB, Goodin DB, Wright
PE, Dyson HJ. Copper binding to the prion protein:
structural implications of four identical cooperative
binding sites. Proc Natl Acad Sci U S A.
1999;96(5):2042-7.

3. Zahn R, Liu A, Luhrs T, Riek R, Von Schroetter C,
Garcia FL, et al. NMR solution structure of the human
prion protein .Proc Natl Acad Sci USA. 2000;97(1):145-
50.

4. DeMarco ML, Silveira J, Caughey B, Daggett V.
Structural properties of prion protein protofibrils and

journal.fums.ac.ir

Jf (G959l 8 ST pd g0 by (ol Syl el e )
Bl ;b GaTelSE SO padigeh pRgnl (Bole
Y Wl oyl b 50 (y595h madyg0 by S0 a5 D178N

ol oy9e o aSipl @y azgi b g Canl (g sl lags,laull

aolonl o a4 (D) Casgoo!] arlowl S (Kol

s Skl 4 colie b puizmen g 05800 Joass (V) 3 SO
O-0F XF7) oo Slgren 5ud Gmli.i;,{LQﬂ Sldlas byl

S padyge sl a5 0,8 ool um Glgiee plpls
1$11538766 awlis o5 L D178V Golyie jué sawipels's
2Rkl Glads plxl gl ol Glouals wilg o

DBl oy 23590 G 0092 Lbok) Gl eSS jslateds

=

SNP s0ls ol 51 oelcewsas NSSNP 5,50 YV 40 oy b

SIFT (Sloysiilen jomm A b Sladl o (B9 &l
SNPs&GO PANTHER J-Mutant-3.0 PolyPhen-2

P SO RV =yl MutPred 4 Meta-SNP .PHD-SNP

fibrils: an experimental assessment of atomic models.
Biochem. 2006;45(51):15573-82.

5. Govaerts C, Wille H, Prusiner SB, Cohen FE. Evidence
for assembly of prions with left-handed B-helices into
trimers. Proc Natl Acad Sci USA. 2004;101(22):8342-7.
6. Cobb NJ, Sonnichsen FD, Mchaourab H, Surewicz
WK. Molecular architecture ofhuman prion protein
amyloid: A parallel, in-register B-structure. Proc Natl
Acad Sci USA. 2007;104(48):18946-51.

7. Gossert AD, Bonjour S, Lysek DA, Fiorito F, Withrich
K. Prion protein NMR structures of elk and of mouse/elk
hybrids. Proc Natl Acad Sci USA. 2005;102(3):646-50.
8. Perez-Pineiro R, Bjorndahl TC, Berjanskii MV, Hau D,
Li L, Huang A, et al. The prion protein binds thiamine.
FEBS J. 2011;278(21):4002-14.

™ [wwSIDil


http://www.sid.ir

\V‘\Oﬂu““ojw‘ V..:...QJLA‘ Lmﬁé.&ﬁ (ajlﬁ oK..L.:lJA.lM

O 9 33wl i yes

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

9. Mariante RM, Nobrega A, Martins RA, Areal RB,
Bellio M ,Linden R. Neuroimmunoendocrine regulation
of the prion protein in neutrophils. J Biol Chem.
2012;287(42):35506-15.

10. Kovacs GG, Budka H. Molecular pathology of human
prion diseases. Int J Mol Sci. 2009;10(3):976-99.

11. Herms J, Tings T, Gall S, Madlung A, Giese A,
Siebert H, et al. Evidence of presynaptic location and
function of the prion protein. J
Neurosci.1999;19(20):8866-75.

12. Sekijima M, Motono C, Yamasaki S, Kaneko K,
Akiyama Y. Molecular dynamics simulation of dimeric
and monomeric forms of human prion protein: insight
into  dynamics and  properties.  Biophys J.
2003;85(2):1176-85.

13. Alonso DO, DeArmond SJ, Cohen FE, Daggett V.
Mapping the early steps in the pH-induced
conformational conversion of the prion protein. Proc Natl
Acad Sci USA. 2001;98(6):2985-9.

14. DeArmond SJ. Discovering the mechanisms of
neurodegeneration in prion diseases. Neurochem Res.
2004;29(11):1979-98.

15. Linden R, Martins VR, Prado MA, Cammarota M,
Izquierdo I, Brentani RR. Physiology of the prion protein.
Physiol Rev. 2008;88(2):673-728.

16. Imran M, Mahmood S. An overview of human prion
diseases. Virol J. 2011;8(1):1-9.

17. Pan KM, Baldwin M, Nguyen J, Gasset M, Serban A,
Groth D, et al. Conversion of alpha-helices into beta-
sheets features in the formation of the scrapie prion
proteins. Proc Natl Acad Sci USA. 1993;90(23):10962-6.
18. Dearmond SJ, Prusiner SB .Etiology and
pathogenesis of prion diseases. Am J
Pathol.1995;146(4):785-811.

19. Wadsworth JD, Hill AF, Beck JA, Collinge J.
Molecular and clinical classification of human prion
disease. Br Med Bull. 2003;66(1):241-54.

20. Demarco ML, Daggett V. Characterization of cell-
surface prion protein relative to its recombinant analogue:
insights from molecular dynamics simulations of
diglycosylated, membrane-bound human prion protein. J
Neurochem. 2009;109(1):60-73.

21. Villa A, Mark AE, Saracino GA, Cosentino U, Pitea
D, Moro G, et al. Conformational polymorphism of the
PrP106-126 peptide in different environments: a
molecular dynamics study. J Phys Chem B.
2006;110(3):1423-8.

22. Glatzel M, Stoeck K, Seeger H, Lihrs T, Aguzzi A.
Human prion diseases: molecular and clinical aspects.
Arch Neurol. 2005;62(4):545-52.

23. Moore RA, Taubner LM, Priola SA. Prion protein
misfolding and disease. Curr Opin Struct Biol.
2009;19(1):14-22.

24. Dima RI, Thirumalai D. Exploring the propensities of
helices in PrP C to form P sheet using NMR structures
and sequence alignments. Biophys J. 2002;83(3):1268-
80.

YAf

25. Dima RI, Thirumalai D. Probing the instabilities in
the dynamicsof helical fragments from mouse PrPC. Proc
Natl Acad Sci U S A. 2004;101(43):15335-40.

26. Gendoo D, Harrison PM. Discordant and chameleon
sequences: their distribution and implications for
amyloidogenicity. Protein Sci. 2011;20(3):567-79.

27. Kuznetsov 1B, Rackovsky S. Comparative
computational analysis of prion proteins reveals two
fragments with unusual structural properties and a pattern
of increase in hydrophobicity associated with disease-
promoting mutations. Protein Sci. 2004;13(12):3230-44.
28. Khorvash M, Lamour G, Gsponer Jr. Long-time scale
fluctuations of human prion protein determined by
restrained MD simulations. Biochem.
2011;50(47):10192-4.

29. Ziegler J, Sticht H, Marx UC, Miiller W, Résch P,
Schwarzinger S. CD and NMR Studiesof Prion Protein
(PrP) Helix 1 NOVEL IMPLICATIONS FOR ITS ROLE
IN THE PrPC— PrPSc CONVERSION PROCESS. J
Biol Chem.2003;278(50):50175-81.

30. Collins FS, Brooks LD, Chakravarti A. A DNA
polymorphism discovery resource for research onhuman
genetic variation. Genome Res. 1998;8(12):1229-31.

31. Lander ES. The new genomics: global views of
biology. Sci. 1996;274(5287):536-9.

32.Studer RA, Dessailly BH, Orengo CA. Residue
mutations and their impact on protein structure and
function: detecting beneficial and pathogenic changes.
Biochemical Journal. 2013;449(3):581-94.

33. Ng PC, Henikoff S. SIFT: Predicting amino acid
changes that affect protein function. Nucleic Acids Res.
2003;31(13):3812-4.

34. Lee JH, Bae SE, Jung S, Ahn I, Son HS. Discriminant
analysis of prion sequences for prediction of
susceptibility. Exp Mol Med. 2013;45(10):e48.

35. Sabate R, Rousseau F, Schymkowitz J, Ventura S.
What makes a protein sequence a prion? PLoS Comput
Biol. 2015;11(1):e1004013.

36. JahandidehS, Zhi D. Systematic investigation of
predicted effect of nonsynonymous SNPs in human prion
protein gene: a molecular modeling and molecular
dynamics study. J Biomol Struct Dyn.2014;32(2):289-
300.

37. Kumar P, Henikoff S, Ng PC .Predicting the effects
of coding non-synonymous variants on protein function
using the SIFT algorithm. Nat Protoc. 2009;4(7):1073-81.
38. Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE,
Gerasimova A, Bork P, et al. A method and server for
predicting damaging missense mutations. Nat Methods.
2010;7(4):248-9.

39. Capriotti E, Fariselli P, Rossi I, Casadio R. A three-
state prediction of single point mutations on protein
stability changes. BMC bioinformatics. 2008;9(2):1.

40. Capriotti E, CalabreseR, Casadio R. Predicting the
insurgence of human genetic diseases associated to single
point protein mutations with support vector machines and
evolutionary information. Bioinformatics.
2006;22(22):2729-34.

journal.fums.ac.ir

[ww.SID.id


http://www.sid.ir

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Sl 09203 0 23 Disslesn B Ewd 90 A

WA b [ ¥ ojlad | it b | L (S pole ol Kls alrs

41. Calabrese R, Capriotti E, Fariselli P, Martelli PL,
Casadio R. Functional annotations improve the predictive
score of human disease-related mutations in proteins.
Hum Mutat. 2009;30(8):1237-44.

42. Thomas PD, Campbell MJ, Kejariwal A, Mi H,
Karlak B, Daverman R, et al. PANTHER: a library of
protein families and subfamilies indexed by function.
Genome Res. 2003;13(9):2129-41.

43. Li B, Krishnan VG, Mort ME, Xin F, Kamati KK,
Cooper DN, et al. Automated inference of molecular
mechanisms of disease from amino acid substitutions.
Bioinformatics. 2009;25(21):2744-50.

44. Frousios KK, Iconomidou VA, Karletidi CM,
Hamodrakas SJ. Amyloidogenic determinants are usually
not buried. BMC Struct Biol. 2009;9(1):44.

45. Garbuzynskiy SO, Lobanov MY, Galzitskaya OV.
FoldAmyloid: a method of prediction of amyloidogenic
regions from protein sequence. Bioinformatics.
2010;26(3):326-32.

46. Sherry ST, Ward MH, Kholodov M, Baker J, Phan L,
Smigielski EM, et al. dbSNP: the NCBI database of
genetic variation. Nucleic Acids Res. 2001;29(1):308-11.
47. Amberger J, Bocchini CA, Scott AF, Hamosh A.
McKusick's online Mendelian inheritance in man
(OMIM®). NucleicAcidsRes. 2009;37(suppl 1):D793-
De6.

48. Goldfarb L, Mitrova E, Brown P, Toh BH, Gajdusek
DC. Mutation in codon 200 of scrapie amyloid protein
gene in two clusters of Creutzfeldt-Jakob disease in
Slovakia. Lancet. 1990;336(8713):514-5.

49. Rodriguez-Martinez AB, Barreau C, Coupry |, Yagie
J, Sanchez-Valle R, Galdoés-Alcelay L, et al. Ancestral
origins of the prion protein gene D178N mutation in the
Basque Country. Hum Genet. 2005;117(1):61-9.

50. Marcon G, Indaco A, Di Fede G, Suardi S, Finato N,
Moretti V, et al. Panencephalopathic Creutzfeldt-Jakob
Disease with Distinct Pattern of Prion Protein Deposition
in a Patient with D178N Mutation and Homozygosity for
Valine at Codon 129 of the Prion Protein Gene. Brain
Pathol. 2014;24(2):148-51.

journal.fums.ac.ir

51. Piccardo P, Dlouhy SR, Lievens PM, Young K, Phil
D, Bird TD, et al. Phenotypic variability of Gerstmann-
Stréussler-Scheinker disease is associated with prion
protein heterogeneity. J Neuropathol Exp Neurol.
1998;57(10):979-88.

52. Vanik DL, Surewicz WK. Disease-associated F198S
mutation increases the propensity of the recombinant
prion protein for conformational conversion to scrapie-
like form. J Biol Chem. 2002;277(50):49065-70.

53. Capellari S, Cardone F, Notari S, Schinina M, Maras
B, Sita D, et al. Creutzfeldt-Jakob disease associated with
the R208H mutation in the prion protein gene. Neurol.
2005;64(5):905-7.

54. Jansen C, Parchi P, Capellari S, Strammiello R,
Dopper EG, van Swieten JC, et al. A second case of
Gerstmann-Straussler-Scheinker disease linked to the
G131V mutation in the prion protein gene in a Dutch
patient. J Neuropathol Exp Neurol. 2011;70(8):698-702.
55. Krebs B, Lederer RM, Windl O, GrashonFrodl EM,
Zerr 1, Kretzschmar HA. Creutzfeldt-Jakob disease
associated with an R148H mutation of the prion protein
gene. Neurogenet. 2005;6(2):97-100.

56. Chikan NA, Bukhari S, Shabir N, Amin A, Shafi S,
Qadri RA, et al. Atomic Insight into the Altered O 6-
Methylguanine-DNA Methyltransferase Protein
Architecture in Gastric Cancer. PloS one. 2015 May
26;10(5):e0127741.

57. Kumar A, Purohit R. Use of long term molecular
dynamics simulation in predicting cancer associated
SNPs. PLoS Comput Biol. 2014;10(4):¢1003318.

58. Kumar CV, Kumar K, Swetha R, Ramaiah S,
Anbarasu A. Protein aggregation due to nsSNP resulting
in P56S VABPprotein is associated with amyotrophic
lateral sclerosis. J Theor Biol.2014;354:72-80.

59. Doss CGP, Rajith B, Rajasekaran R, Srajan J,
Nagasundaram N, Debajyoti C. In silico analysis of prion
protein mutants: a comparative study by molecular
dynamics  approach. Cell Biochem  Biophys.
2013;67(3):1307-18.

™ [wwSIDi


http://www.sid.ir

“‘

=

7

Journal of Fasa University of Medical Sciences | Autumn 2016 | Vol. 6 | No. 3 Bamdad K. et al.

Downloaded from journal.fums.ac.ir at 11:40 IRST on Tuesday December 27th 2016

Original Article

Bioinformatic Analysis of Deleterious Non-Synonymous Single Nucleotide
Polymorphisms (nsSNPs) in the Coding Regions of Human Prion Protein Gene
(PRNP)

Bamdad K", Rahimi Gharemirshamlu F?, Naeimi S?

1- Department of Biology, Faculty of Science, Payame Noor University (PNU), Iran
2- Department of Genetic, Colleague of Science, Kazerun Branch, Islamic Azad University, Kazerun, Iran

Received: 24 Apr 2016 Accepted: 16 Jul 2016

Abstract

Background & Obijective: Single nucleotide polymorphisms are the cause of genetic variation to living
organisms. Single nucleotide polymorphisms alter residues in the protein sequence. In this investigation,
the relationship between prion protein gene polymorphisms and its relevance to pathogenicity was
studied.

Material & Method: Amino acid sequence of the main isoform from the human prion protein gene
(PRNP) was extracted from UniProt database and evaluated by FoldAmyloid and AmylPred servers. All
non-synonymous single nucleotide polymorphisms (nsSNPs) from SNP database (dbSNP) were further
analyzed by bioinformatics servers including SIFT, PolyPhen-2, I-Mutant-3.0, PANTHER, SNPs & GO,
PHD-SNP, Meta-SNP, and MutPred to determine the most damaging nsSNPs.

Results: The results of the first structure analyses by FoldAmyloid and AmylPerd servers implied that
regions including 5-15, 174-178, 180-184, 211-217, and 240-252 were the most sensitive parts of the protein
sequence to amyloidosis. Screening all nsSNPs of the main protein isoform using bioinformatic servers
revealed that substitution of Aspartic acid with Valine at position 178 (ID code: rs11538766) was the most
deleterious nsSNP in the protein structure.

Conclusion: Substitution of the Aspartic acid with Valine at position 178 (D178V) was the most
pathogenic mutation in the human prion protein gene. Analyses from the MutPred server also showed
that beta-sheets’ increment in the secondary structure was the main reason behind the molecular
mechanism of the prion protein aggregation.

Keywords: Non-Synonymous Single Nucleotide Polymorphism, Human Prion Protein, D178V

*Corresponding author: Kourosh Bamdad, Department of Biology, Faculty of Science, Payame Noor University (PNU), Iran
Email: kbamdad@farspnu.ac.ir

Journal of Fasa University of Medical Sciences (2016) 6: 380-388

388 journal.fums.ac.i.:l



http://www.sid.ir

