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ABSTRACT

Most mitochondrial proteins are encoded by nuclear genes and translated in the cytoplasm
before entering in mitochondria. Some proteins of the intermembrane space (IMS) of mitochondria
use the intermembrane space import and assembly machinery (MIA) pathway to be inserted into
mitochondria. The protein substrates for this pathway are oxidized by the protein Mia40 after
crossing the outer membrane and are trapped into the IMS. Subsequently, the sulfhydryl oxidase
Ervl/ALR reoxidizes Mia40 with electrons finally transferred to either O, or cytochrome-c.

In this study:

1. Quantitative changes in the proteins Mia40, Ervl and cyt-c and cell viability were
studied in yeast S. cerevisiae and isolated mitochondria upon oxidative stress. Higher
sensitivity to oxidative stress was observed in cells and their mitochondrial proteins
grown in a medium metabolized in the cytoplasm than that in those grown in a medium
metabolized in mitochondria.

2. We attempted to identify in Miad0 and Ervl/ALR the existence of evolutionary
conserved motif near the catalytic disulfides. Short-forms and long-forms due to
alternative splicing were found only in the ALR proteins of mammals.

3. The R-rich motif (Rx4Rx4Rx6Rx4R) of human ALR, a conserved motif of unknown
function, was mutated to alanines for future studies on the importance of the
compartmentalization of the two forms of the ALR in human cells.

4. The ability of the first 72 amino acids of the protein of the yeast protein Ervl (N72)
regarding to introduce non mitochondrial proteins (DHFR, NHP6A) in mitochondria was
studied. Little or no input signal was found under the employed experimental conditions.

5. Yeast Ervl and human ALR were mutated to study in detail the intracellular targeting
process of these proteins. Specifically, we mutated yeast Erv1 isoleucine at position 22
(122) to lysine and aspartic acid. It was found under such conditions, the import of non
mitochondrial DHFR in the mitochondria via the first 72 amino acids of Ervl is
facilitated. Also we mutated the R-rich motif of the human ALR to alanines to investigate
the importance of this motif in future studies. Similarly, the plasmid constructs pEGFP-
N1-N72 (Ervl), pEGFP-N1-cyt-b2 (N85), pEGFP-N1-Ervl, pEGFP-N1-N80 (ALR),
PEGFP-N1-sf-ALR were created to be used in future studies on the ability of the
proteins to compartmentalize ALR human (If-ALR, sf-ALR) and S. cerevisiae Ervl1 in

human cell lines.

11



12



Z AKNBEE: 1AL Hi¢iq

1. molGaegalisotsasaesga uUUleaga
Bs oagGUUs30d Uxs j vUUOysa @O Uyl aliiUb3alilys Uy 986 38Y G &
Udd UGegalgi)saesesed wBHUsesYdUddlbaepgdosedU (U sUyald
Uslegaliolsat s UUGeL3. Bs Us BHowcgtUBeecd)dEddasU6l g
Ui e aUUUesca ¥3 oaglUUt3dd €U Usfhaeaggdd U UaUgdyy vad
2RSHY RS- SR+2H"+2e (1)
¢ UsUauty UGd (1) € 6} Ua inaitlo Gtggsedbelbal gU gedlh j G Wadele AT (X
B,, JoaheU U UsUUaU eelbyio Uclychl sUg Uehlf 6 edeUsslehd 3U
9i UUU, U (eNalray&®00; Weissman & Ki m, 1993). mo0lsa
GedeUUs Ui 3 oUs U Ud beedUsU e63UseslisUsUovyosal 3
“"Ujeltuosoh e90dlhe Wi sllicgay o'Gjawi®0Us 3d ( AsafhsU 1).

SHS™ S—S S™S
L1 ko

; - *

S SH S—? SH SH

s

Mixed-disulphide

Nature Reviews | Molecular Cell Biology

O esU0 "3 x0O

KooahsU 1. wmdeo egi @
’ 3Uslrveysd €6y lie

“"Uy YoesUU,

Bs (Gaegaligljsesayd a3 Wl wildg U0es By U3 esgle Wa Uy UL
G 9 U e jJJanglino(& Swaisgood, 1975; Isaacs et al., 1984; Schmelzer et al.,1982; Clare et al,
1988) , tdsre-et @li, 1984; Lash & Jones, 1986; Takamori et al., 1980) TADe g ] a ¥
(Coppock &Thorpe, 2006; Thorpeetal.,2002) oaUs oaUUUai g3 Uds UsUauy U

2RSH+B,Y R-SR + H,0,(2)

ge 1@epdfinsenoUs 65 Ggs3U) ovibui hlUeg dy t (bshsslbss go aUY G
UsesgeUUsoay¥Y UsUjoe chsae OGAhinsenetall®Glyeysd Udd eca6y) e

Bs UstiemgaGos iUlesa "6g GedeUUase3UUs, e 6y} Ua 3L
e O0dUy RUqQUU Udd "3 v0Uss3dd, 3U yeegs oaUUUagl
ZUU " 03 9008H00U; U UsUeUyatelUU Usg oagUUYyeg UsaedUi o
€

Co

(@=
ol

Co

U U eUyaUGeU 30 eUs13U0Us 6 o9as3ligssdg U sbaUbaeid
alUa. U U 9o cthittedaxins) 3 Ud 0 a6 g U U glitaredsxins)U g o Us UsdoeysU
a6 g UUd (hhuththiahes) (g Yy eegs GU gydee GgooeaysUpldisq aU
geoUescesl)sUse gelUj U aUdit g aUs GUes “gresU o290 U(q:

13
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al., 2003; Westermann & Neupert, 2003; Mootha et al., 2003) . @GsU ~“~Uj; yuUsoe U,
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KoahsU 3. KEcdeUUsose U Ussahasitd Usg essUccesly) a
(http://dj003.k12.5d.us/SCHOOL %20NOTES/chapter 01.htm)

2.3. Yyeyalgld

zU byYdd Ud dUvyyaU Udd Updselggpbdeaddde YyecB8UlBcHa
oUi dUyeg 63 oUsstesgi saUsei 3U usUsyYoUs e3UsturUsao
“h x10°&) 3o U. yaU UU e9sUschstyslU "j3eyyees3lUs U R
aUUy. My 2004) oaUs URUs U6 &€ UBisd)gsWUp bl Uty s, U
Uty UsitddealU GUe oagUUU; fh a2UGeU Usg GCrayetths,d 999» U gols
Ud Us¥Y);aUsU Udd Ustustgebaxvtadd UU "~ 03s08h00; U o963
"gyes3lU oaUs UldesegyYbeddaaheeg 4 yUOUysis G000 us¥Y
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eoUsGcae3ilijars.
gy ds3seayY
aglUUUy} 6~

3.

o0 s,
283au9U,
aYleUUacd.

FURc Pglgyusit 3 GUea
bUja 6g GcaasUd tUsUlas
UstyyeesalUUs GUU esUsachs3i

UaOU

2004) .
et al., 2003; Milenkovic, etal., 2007 U) .
eoUschstysUyadW;Beh3 Ue
A3Uaj 0U0d U eUUaa6i 3

G

Y

Co Cc Cc &

Co

-

au0u u

isU UgUe Udg
Z G

) slce

;} U Us
aU
eosUsoa

} UUsoayd

} 90 aUs

tosUlsaUlaU g ¥Y)GceqQgs3

Juhs Heo

y3Ud

99% U~vxs eoUga

hauy) 9a
"3 v00: 3 Ud DNA/
ioaUe Uy o OM B

9 Uneagi)& IM4) ¢ dlex @ U Uy a((krasc 6(3i etak, AGDB; RProkisch et al.,
UyaaUy U

Ud s “~J hiyaece

TQOMe (TranBlacasé) of the Outer Membrane).
"3 vU0:t30d Udd Uszrvagl

a2U0o0¢ U

d3 U f Uxidd e ¢U0 UOMERapamrt, B005).01i €
g 40% Uxs e9sUesces3tjpdloesl PadtasgeaycdUhcUgld
9368 Uesgd. JgUe Uy saUsybovszallb “eesglU (Ukdi s€ ddds deUd)) Y
ey Usleyad Uzt d Yeaoad Udd ~ aUge A, 200a0330)s. g tigy Upeli 6 ® i
"UgdUaUd GUds Uateu® alyUxise yesexdy U, vldys UG v U0} 9 o
sUeUeby Ussah eLye. yUOUs 65 "~ 3 vy0Us30d UslGyoadsegs
U0dU; e esei3lUUs U ~U Usuvy@GUd, 6s e salUd 0000y
U0dU;  (Voegtle, 2009).
Targeting and sorting signals of mitochondrial precursor proteins
A Presequences and variations I Imported via I Destination of proteins
Presequence MPP
Amphipathic o helix el HoM, e
Typically cleaved after import N c PAM
P leaved hydrophobi i TOM
D wecasdraetis S B —
MPP IMP
Presequence + cleaved hydrophobic + 2ok +‘ 1:53'\2/'3
sorting signal (bipartite presequence) N [ c (PAM) Intermembrane space
B Noncleavable signals of hydrophobic proteins
g T e B signal TOM Outer membrane
B signal N EEEEg C SAM (B-barrel)
Signal-anchor sequence N - c Mim1
C tail anchor N = c (T;’M) (c:.,ﬁ:ii?;;n brene
Internal signal N E= c (SAM)
TOM
Multiple internal signals N EE EE =8 c Tin}sl)ﬂgﬂ 0 {"m";;{)':f“’;’ebf:r‘fier)
ea d i ++ +
s aromrago e N = © T mermembrane
C Internal signal for intermembrane space
Cys Cys CysCys
Cysteine-containing signal N == c I?IXI Intermembrane space
Kooahal 4. | sadasgcald GUhecUgtldd e9Uet@ga0n9 sUat 3 ~J vxUUy
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3.1 EUReUgud GUds UsoMPU); soe eUeby Yad (

Bs " U;sG0GHUU; Ud ~ 3 v00t30d "e6g Uiy} Yedlondls adlBd 3

"ejapodn) ( yeegs UOgs-kdmpgeiicetlaobtuisU Uyseia "~ ecaoyd I
Koliy) ceasUUs U AOMasU4a i €0 old ¢ e e d Us Ulime(teapsjocase ofthe ¥y U0 y 3
inner membrane) o UUUae 268 g3 &AM (SoitihngecahdedAsserably Machinery) , Ue 6 @ d

byatalUUUs GUds YRgyB8Upsde OUebpaUUs UsaUa.

3.2 EUReUglGd GUds UVaGMUU; ssae eUeby ¥Yad (

Bs 3 vyUUt30d "eg aU0U0Ugdi 3es Uardd 0d m2BTimed)@; ado e
yeega guyhtiebd UVUaGrUU, oo e intthmbsigaa) g 6 ajUg Uy @hH ¢ U0 zai 3(
Gi e aUOMUOUGI ¢ aUoeU Uxs &9 dimyTmo-TimlyoQUyBa g UsUs Ue by
Gty 8g (AKAsafhsU 2), H 6g 65 UUa Uchdgdiamd) g o®)Us ¢dla 3+ ¢ Ul @ Jii

"y huyeexys “3¥yUUysoset 3 e8j3ar3 GUds UG¥yUU;-boasaete Ue b |
al,, 2006). Bs “~ 3 yvyU0Us30d UgUyd Ue Uit 3ea3lUUs aUds U
e UUU G e JTMB2d(Tfanslocase of the Inner Membrane2 2) , Ue 6 e8ae Uil ¥YseUUUs

eUeby¥ad aUs UzU; UYUUs UK Ud UsUGey Y lgalUesoasgi U

3.3 EURAecUgld GW) eeU; U (matr.i

Bs 3 vUUt3Ud "6g GUescUiga3UUs GUd eeU; U GgsUa
UesssasalUUasah Usygdr gretjieng( maitgrnal ) oaUs 65 “~UpsdthUC
UslGyoadegs GUdszeta.p2l0®)(.VozgdUYe Uds Ua e ilth AUeyed o0UBUY ¢
TOM, s U Uy 36ia3 Uds UGyxUU;see eUeby Y3 dandosaSeofthesa g Uas ¢
inner membrane 23), Us @6 6ae bjyadaUUUs GU0Uds UGxyUU;se0e
“Uyvyiegs Uds UGxUUp;see eUehby Yad o )PAM (PeeBequérce o U}
translocasei Associate importi Motor) , Us 8 8aa "0y saUcs bmHepro Ud 3
(mitochondrial heats shock protein70) . A  addd, U UsUUaUUs oUUUs3sYaxvld

igaUesoaai G0ds U0OGxU0U0y sae ¢ UeNPP Y(Blihchonddat dmagssing d = U
UheUgadd.

Co

peptidase) afAbUs Uds Ueadecgcal

3.4 EURAeUgld GUs uUsUsSPeby Ussah GcLye (I M

yaUd s 3 vyU0Us3Ud Ueg usUeUebhy Usseci otjyeg U
983alisU Uesg “"gyeslU oaUs Uslyjce3UUsUTOMD ROdcéhsypt
Gy dises 696i3 UsUlGey UUsayY e636 YUsU o950 30U Us @
"3 vU0U0t30d "e6g yeegas UelseUje UaoadaasgacaUbipartikhe Ug
presequence) , . 6. @Y @yb2) v ogUfEytw)e U0y 36ia3 U ' f Us
U UOaUgdUj13630U0Us vd uUsUagUY eh) ol GUes usUeUehy Uss
e OUUG 6} Y4fansfel) ik ptal., 1 992) . ¢ eUUUGey; ¥ UgUe AP alUlbslUUa
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l°J Uy UYUUs U H Ue ugsUesoeh Wdd)aivbEsswd ) slsb Uyszsd
“h U0 su¥vYaUd Udd eeUy Ud aUs Usg uUsUeUehy Ussasi 6

3 Yyeegs 64o0eys3Ud 3y yvy0U0U:s3U0Ud s 6 sald U3 yoo
Usgd ¥Yoj36, UasayY UGrvyUU;sayY GeeUUU GURKclggledd ,ngUlsiaey
MISS (mitochondria IMS-sorting signXX-gul Guigd§gs-%%0) alUs Uac:
UsUooaUaU aUs s9aUsyY 029050 Uds ¢ UU Gideiseral,2608;#iledkbvic U s Ue
et al. , 2009) . Bs o29g0UUt3Ude@diodigs Wsilrolslhy jamehe 3tJedesU UL (
Mia40 (Mitochondrial intermembrane space Import and Assembly) aUs "Uosti Ui sl
UsaUeUeby Ussoah ctye eyaU U MA (tlememabsaes spacd)impoff and 6 3 6~ ¥

assembly machinery).

IMS precursors
sr st Q
() IMS protein import

oxidative folding

B-barrel
precursors

\’\ SH \&
\ '\\3/ J

el

%*, e

TN
it

oM

|

IMS

P
fHnt

i

(AY)
Matrix %

Asaf]3U 5. ode) Uct®dohaostd Urs bUlsata ee38 UUst s s
J¥U00ysosaY ehyosU 6)dioses 898i3 UsUliey UUsay sese'Y
(Sideris & Tokatlidis, 2010)

hlisg @
UsU Usl
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4.¢ 6e 6 3 8~ NMIA @ntermembrane space import and assembly
machinery)

A3UsUaUd Udd i Uyadd Uxs “@63o93t3 00ds UsxUU0,
£

VIR Ue vy UG e6BkDadls &) WUs eayldtz hZ aUGe U GUes usUeU
dqd Usdoeysd 228gUU0UdUshsd dU y ;00 U3§g &dadey &6
UsUeUeby Ussoah et} 8 Uxs esUescesljars uUdesasgy) ot 3alUc
Usg ogUUU); eBenyx®Re UUd®94). ¢ i Uypszd GUs UsUeleby U
Uslegalistsosacgid UUGesid dUry Ua UUeurrandt al) 200% Meseple U3 o
et al, 2005; Luetal. , 2004). jUjUaUdyostUssafh UasUs HUs HaU

GoUeUebyUssoafh 6ty Urs MAzBe®d JWpm¥3 egwiegsUde legael
adUds (J)9ed €6y lGe Usgd.
by vyUUoyvsstUsoals | e v G8@3e YUs yecegs @40 e g o

(mitochondrial IMS import and assembly pathway) o U Brvl (Essential for Respiration and

Vegetative growth 1) , e¢U U3z Uaj; 00d 63 sbeysU "~ yvUhexU (.6
Trypanosomati dags @Us BUgudUYW WKAg fBesg s4@epted TI M
etal.,2007), Cox1l7Aleaétal., C@0D%)( UosayY U sgloswade. 68 Ug

AlenaUs (Gg3U;oyYUUd Ueg g edy UcsMA U AUseUclal UU Usdss hi " ela
"3 vy UUEd doa Us Wias0 .UdEU c) stey ©0as3l]sralbelUU alse U sdge d
ey 0c oBw (Aleg et al., 2008).

¢U mMRNAs “@8g orvuosec6 6896i3 esUseaestu)sUayd ~J vUL
G0 esUcce3lyslUeay¥Y UeeeUUUU;Wea soaaltle y sWU Us "he alU albs Uy
g elUascyU MaxmeRd, 2002; Eliyahu etal., 2010). ¢U e9UschstuysU U
yeegs GUds U siGYs3UsyY Ues g d-hothoagy domain GFanilyaQuen&ult) f, 3 ~(aRyU mi
GU0Ge Ui Us USaint-GeRryes et(al., 2008; Garca-Rodriguez et al., 2007). Bjoslcs
eosUsecest)ysUayd ~JvrUU:Lt30dg, eU0U0Usi UgUis oaUs Usg
ddeU0alU "y hpaul08Gdd GUds Puf3, Ust 6 jyhased aUds Uad
UoUgoe) 9390 UU0miygdy) anlp. yKUs uUsecUUa U UGodeaULU | F
g 60U} 1 eU0U0U UcMIA e cBsaWUpaslls tUscdUa HTaMell eUJoayoeedU

sGAUqUU "y v0Uysit 3 “e6g UslGyjyees3lUs aUds eeUj; 0, U
Ue Us b fj U sluty e al.(2003).

Fgse Usa¥Y, UU g et U MAUUg sUsdyr de eysma dlslox@idla be
Cx3CUs iy} cesUUs GUU e9UcTOMAW; 00 cl s U0&Ua g ¥goolUs [
Us UsUosryasesaUUs Mids' o (fdse 3 Wimli@(ttysiiql c s6gy) ot 3 00dg
stegalistisah UsutusyvYeUlas, s3Ustit3Us Uds 3UscUsGU; 6
"3 ¥0U0t3d " Uays3U0s “ayes Uds (}9ed |
L)Je. ¢ cEbOblazysiL 3MaddaUsyvydUdisU UsyvyolEWUstaglgd 0O

o4
(4

(O]

@ w Cc
C
(]
(@)
(O]
Co
(e} X
Y—
(]
[
™
C
w
ol
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elUe ogUhBedaytee Ue G Uef B ece Uxs usUGhy¥y3s GUUGaxrs ~ Uy c
aU0ds KsoahsU 6.

% AEROBIC CONDITIONS

s,.." &, - 2x2e

Substrates

-320mV  miIA40

-200mV
e 4H*
0;— 2H:0
- 820 mV
AKosofhsU 6. | Usefhsslid Udd jyeed Uxrs daUsaUjesars GUs e£636°

(Sideris & Tokatlidis, 2010)

4.1 3 e0GUjLelUU

gU “96 o93rv0UY g e0UjLeUUU (substrates) Usg =ca
Udd eosecoys3UsUd ¢rénslecase af she theer gleimbr(@ane) oaUs Udd 69 o«
(Cytochrome ¢ OxiTim@img, TimoBBmMLIE JFimi2y dml 3 ) aUsUsgy) oai
ey o9Uoasa Ggsctusa GUA Abald Bg@) B4 gh Ugur) ddadsitiec Urs
GUsc Ui 63UUs GUds UaxUUy soe odesMaréotidoasa &l zah; 20059 0 ¢
Wiedemann et al., 2006; Koehler, 2004) . Bos Tnpw6¢&ds is o0x3Cecf§aBeg
0edeUUaee3UUs Uslegalislisseca UUGesa UsusesyslUa¥ Us
aUUUae026300d aU e etal, 20@3gWebbyetal, @00§).Al | e n

¢U eyad Udd 6sscoy Cokq@bgl2, Caxt7, Coxlq, Gex23) s ycega U9’
eaUdchoE, Ue 6 6as GUUdU); e soWYasdddg. Uadv OpPyseagdetdd
Cox17 uUGeUi Us cUaoahfh oaUs Ue 3cytc(Badistyal. 1997; Glérgmset at.,> Us U Y
1996). A o wPYBB3UPBSsCox1l19, Cox23, Cox1l7 Ue oyog3l
aUs Ues geybcssaeldp U Y O d det a.,2@04;:MNobsegaetal. , 2002). o6aaU g 680U
ee3a8 UUsei zt] €U Us afh e6Uabae Cx9KcllEmd)SomB s | ¥
CMC2, CMC3, CMC4 (Gabriel et al., 2007; Carr et al., 2003; Horn et al., 2008; Longen et al.,
2009).

gyosd, 6o Efv) v&ss s®@d 6 eald Us oaUs uUs Cys€egs 6 U
cx9C eceUaba, UstyjyeesUUs GUU &9 UMAR[Teriyskal@t ak, 2d0¥, Ueg
Kawamata & Manfredi, 2008).
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dasUalUd 2. BaUsilirvrUsoah UgsBEm)s*e he Yamiad pldd g0 te @aoa-7edhlis il MI A (

g v0U0s 34 o YeUlGe 83UstivUs j3Udey ¥
(mV)
Mi a40 (GUacUyj @ (200 Bahaady q Tienson et al., 2009
-290 CPC (active site) Sideris & Tokatlidis, 2010
Ervl/ALR FUosc Uy 6 gi1508 80 o a)d | Dabir et al., 2007
-320 C30-33 (shuttle) Farrell & Thorpe, 2005
-150 C130-13 (active site)
-215 FAD
] 3dy L7869
<-178 C142-145 (active site)
-178 FAD
Tim9 (BEsd@{uUU -310 Morgan & Lu, 2008
Tim10 -320 Lu & Woodburn, 2005
Timl3 (GUscUj @ -310 Tienson et al., 2009
Cox17 (e a0y -340 Voronova et al., 2007
ceytc (Uahoeg & GU 250 Wallace, 1984
0O, 820 Tienson et al., 2009

*pove Ulie @3 Ugd thddpanfpoténtia) e 3ee Ys UUUs Us tgsUesoah GUs 8 @
e Ua0U0UYUUs bjpatalUUs GU esphdotireysad e6)le GU 6)osleysa

4.2 Mia40

g 20C0Hadi nska oaUs Ggs3Uj; ovYUUd U a0 (hdtatbondrigl s & U 3
IMS importand ass embly pat hway) G0 9i UUOU; U GUeacUjyeei adqUU
99U Uds UaGeitie 8ysteyaxs ~JvUUysit 3 0Ue usealeby Us
2004) . FeeUy U Uas3Us o3x80Rh HUs d Us ahor 3 xU
UgoUjoppwel d e6j3oUssliceaid aUs HUs Uas Us Chacindkatealld Ud o
2004; Naoe et al., 2004; Terziyska et al., 2005).

gMiad0 U3 UeciGUsaslUs “~jeiUse ¢ chisaliide Botd Fertdatidhe
Protein) aRDd (Protein Disulf i de | somer ase), 69 6 cGebBPsibys
aUsUsgy o1t 30U0Ud U "Uyheeose Uy h 6 GUER(Fréegnoahetllfie U Uv
1998; Collet & Bardwell, 2002; Kadokuraetal, 2003) ®© U aY 65U Yaoad ~J ¥v(

¢ 3 yUMiaddd Ue G UGOB0GBU4E oUs GUU GgUY ¥d €90 ¢
(Hofmannetal,, 2005). j3UadUMB4OGYedg cbddOlg yedd guy hie
UsessasalUUasafh Udd Yoye, dq 6 6aU UasUs Uososgjebesade
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Uy UaUd) oMt otadg AHUs GUesgd ecioadqUUJd UeiiUsasUs Ue
e  alU U sglsas¥YeslUs 8Usgd Uzt UU} cChatinskag et @l), 2004)Naees i d @&
et al., 2004; Terziyska et al., 2005; Hofmann et al., 2005).

ad “3ed Ues Uy hgecat®BhdU g igs op it sedsgUcschstiy aU
ai 3} 90d U RAyUsd. ¢ eaMadg ad@d0a0eebal;REs agUUs ¥w

aU0heUglidd, Ustyy cUO0Us GUe UsUelUeby Ussah ot
ey YJo ¢t@h a004; New&k et al., 2004; Terziyska, et al., 2005) . yerxd U
"Udyd GeeU 003 UaszUs U Uy UaUqUe o950 Uds aU0s0
3Us dsadusofhsaU o909U Ud borvlsehUagl@dll) QO@P 8# Us Kl jUmdJic
i Uy adeMiaa® Ushd “"eeai Gga3Udydeyseg Us a6i eeUabeg
e 6)e6i a0 30 U w&iadoe Up  a Uytweld d0s g UUa&ei2 ) .( TAT al
Us eeUa-bbB) gymedll UeiUszasUUUs Med0hdolUshuBdtipeddUyl
Ud d, Cox23sCox19, Cox17, Micl4p, Mic17, Mdm35 (Beers et al, 1997; Nobrega et al., 2002;
Westerman, 2004; Barros, 2004; Gabriel et al., 2007; Dimmer, et al., 2002).

yoU UU cehMatdU yGaddggas es5U “eeai Gg3UdydewmddpyYU s
aUUYae59 U GUe oaUybeaglUUesaf Udd UeeelU. jgUe d U
U oY UQPE €X9C-CX9C. Miad 0 oaUdejyasUs Uds UslisahUdqUU Uxs g~
GUe UsUeUebhy Ussoafh GLya, oaUslUesgjoLetllg 290Fhbc Bas ael
Tokatlidis, 2007) . FUds 63Usilvyeysd ea6jGe Usgd |
islliesgalislissasid uUGeai d. zUUyaaU3sd Urys oagtlUUyssse
dadqlioohsU 990 UU oi UUU) Uetdl,2g04) i UscUy eei aqUU ( Naoe

¢ Ui lOUyd eagallePedobeeg ©6UpBbefddUd os5U Ud bsari
Usg GUecUjesei adqUU oaUs U UsUUaMddd =IEMGds¢ Ulebrid@dy
agllUUstsd UePglisdbttbleglUs y3U UsUorvrosoay¥Y UgWaliadUg: Ue
agllUUysseh oaUUYBXE:eUtibgg UB¥aasig ¢ dekjyskaer &l.x2009)0d d (
geCPCU e UUaUa UegeelU e€5U0Ud e903ed yasalUd, d 6 ealU g
eU UeeelUpessimdolU ( Hetalr2ntaln2n) .d jwgdlee GUUdU; 8 6sUa Ud:
UgUe d Ueece UedeUUasUOUUs U Usgd Uslegalioslsacgioy
9gGUU0ysseafh oUUYaoae sTerdyskdletchl., ~ j200®:)3.ddBs( Ui e yoasald
gty htiebe UgaYos UylGeUglgyd 0V8U0UcU&laly sadPs. d UsUos
UseeUOUU I TS e MI SS Nikenkovigét al. 12009, Sileridler a., 2009).

By AGGUUU UsUeai ddoeaUs U0 &VR(ONWelosar Udadn otlisc &rle
ieeyd Udd Mago®UUsyddi Us callss cldedd Isle haosaoed Uddetdl,Uss Y.
2009; Kawanoetal., 2009). yexvxd, d oaU0U0UYaUUGd easocelU)slicai
¢ “3vUUt3d Miads0 Uesg GUsacUyeeioadqUU U eguyUU0) U
8 OU i18KDa (Chacinskaetal, 2004). EU U g8lusUUUsUsa¥ “~doaUtL e UL
e U0U3 UG UUi U8 0 kinlky, U0 d “eag U Usutusese Udd Ueglal
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(Chacinska et al., 2004; Naoe et al., 2004). 3 Uds ¥Yead ~aUgy Y, d
Udd @ gsybdldd U  sa) YUUsUd Udd Mi ad40, GUs U gaYagyl I
sas026eUyeid Udd ~ jewal@312)dd (Herr mann

¢ UsUGgsugUGeysad Miad0o uU0GeUi UsZniesQidUste os8dBes
U eUyaUeU Ud GUUdUO) ddaad@Te etdd.g s B 68} . EgoolUay ¢
UaadaU atiy Ud Udd Miad0 €U UU g egaUy1eU00Y Udd UsC
eta.,, 2004). quURGe, d Lu aUs Ggs3U;oyUUd Udd yuUssz
£e990) Y Tim ¢ seibdaei 33006 gOUU0U) 6 UsUe Uetao Y 20090ed )oy o U
UaadaU aitiyj Ud Uxs e€990)313 Tim e¢U Uds Mi adSderif&s Us U
Tokatlidis, 2007) ¢ ~“~ac6i GsU O WMotld dHelped pfsTichy ~ e g UWwiggres OO0
beWeby Ussafh ctLje, U3 UVUaszUs U Uy Ua Cdridmet a.s2004)0d b o1
Uaa¥Y UasUs GdeUsUsae o aTim Udr blyssa yss tbilhds (byssU elbdesy L &3
agU0e UeUstsb;(l:]mramatf]al.61240004() B yUgu¥YgeddUsdgFridl didige O a
Uy vYadd Udd ¥vd Gegoelgiy)seiamlge 20PBL ¥ dosd MdorgaasalU tsU
Miad 0 UaUi dUyd U K yUguyYyogye UsUgoesoi Ewb(MddetkeUds U
et al., 2008).

B U;jfh ed Udeseg)oalUdgalgliosdwdi UUgBige siioa GG UU g~
ee3a6 UMIMei U3 yeUs UsUgoays93siUUa. O3U0d sdndvitrdl3s s 0 e f
tdeseg)oaUd uli UUyeg UGUdgedgsdmdo dvii adll)d 2BiD090 K a
UasUs “~odUsh d M w@stoUsdld siUddeoti degalisoliosaesid uUUG:
aiooegd U UseseaUaltvyided Udd. BEmeosemylyad I8 desysligsd
Usdoeysd o226gUUdUshsad (gl utEak (Milereta), 2 008 . UKS 5~ -
Ervi Ussc3s Wi dagewdly yo ~ e 0hUdqUUd GUU esUeschsatyslU fK3UL
g hGUy; ve U o UBoukdnsxt alvR0a2 BPttirf(ger et al., 2012; Stojanovskietal, 2008) o U
yeUs ~ 3 e00dUa hHUs e 63 Ua 30 "jexvydetUs Uds haisUal v
aUs Us g hHGU} veU 093 Stgjamavdlilétal., 2008).Ud3 Mi a40 (

1 2 3 4 5

Release Cascade

c2 ¥
s
7
/C‘ RN c
s—s i Hs ot
Miad0 @ S Mia40
U Inner
membrane
Recognition Docking Inner disulfide Intramolecular C4 Release
bridge formation  attack to docked C1
(C2-C3) (C4-C1)

KooafhaU 7. @oUoy UeseUUsose U Usoahsslld Usg edceUssbleci Udesaegy)oal
(Sideris & Tokatlidis, 2007)
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4.3 Ervl

B Lisowsky U@992 U 6 ¢ f 3yraitile il Usc U} csllm q&&s f ¢ BEdL
(Essential for Respiration and Vegetative growth 1) @ Usr U 9 @ 8 ~ cmdlj & U U14kDd
(Lisowsky, 1992). U UUe; dG 0 HUs Ue U3 ahoy o9063atse UasUs
agUUY,; v3 oaUs Uludl¥veUdivhdis) gadsdd aUs Uds Ua Uy Uc
eosUschst)ysU. g8 1994 @ alused aUUyadasU aUe HUs (
yaoUsyd Uesg e9Uasca 3 ligowskyol®94). 083 stist e UUsd (

U Usdj it 936 6} rvehlUvyedeoeb6 @ggYpslloogstlsolmeaaaU
8 3 68 ¢ Y AlR({Augmenter of Lliver Regeneration) . AR Ue 1 Usas Us 42% &EwmB agoal
Usg GUoscUjlLesawsky, d99€) . ( ¢ ocsEvMuaddeUddoacU)jeeci adqUU oaUs
Usdjt AMBRdgdgdegs ~Byejadarid OUe Ligodskyyl996e ddg de Yoo 0 Ul
9683alARyGd® y3U s3U0)3hsse GU ose3Ussze dyidd U UgUe
UdBrvi G Ues (Us c Giprdaset al.g 1995; Lisowsky, 1996) . ¢ U3 dALR U afp
Us UesoafdoddvBostic U ¢ 63 Ua 30U sf-ALRshort tbgng15kDa,) Gly2gs5 U/Uk)3 o U
If-ALR (long form, 23k Da, 205U/ U)f-ALR 6 jha Uaglggs ehBB ¢ s Uschs iy
el Ue eMIde YUs

¢ yoalUosyd yoiy UOdyl Uy o ijlbiaipg ekl o qUU yecUs +xd
eegjiecasgosoayd UesaUoyd, Uds yoealUsyd Udd UGxUUj;seed
"UsUUae yooalUsyd Urs esUsecestjaxys, Ust 6 “gjesUd
d eUUvoolBhde Gldd dyid d2g@eoUbhsal GU aGUjasd GsUU0Uy
"0y o0y UsUse oaUUUszesee Ux3z ¢ 9 Uas eeecherlef al.y3999)0.Uc z 9 aljlUs G
eUavOGEvDdgudoUa aU eUsyeysU U a UuU e6yslGeys¥xs ~§-
© . &Cox17,Tim13,Sodl, ¢ dim} ydoaY Hesos Umtd, cyt-r MEs8akeset a., 2005;
Rissler et al., 2005; Terziyska et al., 2005; Allenetal., 2005) . ¢ Us UGgsUgHMleysd
GgeUgoeGFR Ukl " as UUUs aUU esUschstuyasl oaUs GUs o9
(Becher et al.,1999).

¢ Evi U eUUaUa Uds "310d Gegelgli)sasse 63Usi
GUsacUjeei adqUU0d. 3 ¥y68g3 sefhacgold 3 v0Us30d a0 @
EviU 6gloavyYeUs 0UENID WeelieryssWUUs GUU esUctihsiiy 4Jdde wik
(Terziyskaetal, 2007) oaUs UasUs U Uy UaUdUd o250 Ud bscoys

(Mesecke etal., 2005) . | aadaMiad0) $¥Us UUtd3 ¢ 3 Ma«ia 330 , Ut Walyle
GU0ds ea3Usltivyeysd Udd ec6yjes Uladsdald Usl Ubibs dldad 20y
(Meseckeetal.,2005) . EdeUst 30U0Us HUs GU GguscacsoMaEdr csUa

byatdaUUUs GUds ea3UsltUvewptald, c2p02) Udge¢t®Bi Db mallewdai
Ervi, Migd 0 £ UUUUad 30 sUkUdose yisUd Ud d etab,2@d®). ( Bi hl mai er
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¢ UeeeEnUALEycUs Uz UagdUa ¢y &ytmaliath(\itWet &.02006)i g U f
Ues ~aMmulUs2008) oUs GUcetaly20H;Vidydeargt@.an2011). A ald:

Co

GUoscUj ceS cenblibide yseagas Uz UagdUa 6o umvd yPgng-Chaset aly v 0U Yy =
2012) En@UGross et al. , 2002) . Frvl  jU0eliO3ssads OUUs vd y3U ¢
dgs3iUuUey 3 e Hofliasss &t )al, g200%; Lee et al., 2000) , G0 6 6aas U
8g3 U0y 2¥e eldU ksl bl (Groseletrat., 2002; Vala et al., 2005; Bienetal. , 2010) .

Dabir eUs 695 Gg3Uj; ovyUUd Uesg-Uthe«Eati sc Uplbdd W d & DB a e g
"y el0ryo93h Uslaegaelstusah ulGeh, e ErvleDabirgetal,200@d)U; 6 & ¢
3 Yyeegs 0g3UdydeysU ag@GUU0yssayY aUUYeass U Udd " ¥
Udd 3 vUUt3dd eyar guy) e b esal D0atkGressét al.iigomivala et ( Bi
al., 2005; Vitu et al., 2006; Wu et al., 2003).

3 Yyeegs) UgydUyyald GeUUsay ceEnviUe ¥ Wiy AHEAY dldWa
"g) Ua 30 GUaal0U0Us &0 B UdalaPdlU00OJED| 240 (FPdoec
Ud Uecemabirtedal, (2007). FielyaU €U e€5U ¥Yoad dUL}did
"6} ®i BU 8GUaa0U0Us a0 UsUeay) seUbel elUaU slicasessa; blUboses fe
U BAD (Coppock & Thorpe, 2006; Hofhausetal. , 2003) . ¢ "~ Ujya  UxGd Usilee
gelGr3Ua U Ues3 ¢dec UEBN{\Ig et al 12005 6Gy0sx0et dll, R00F} Vg et al.,

003) oaUs dUvy UaUUs GeelU; U U “eetalg200).vd d U 99}

¢ “JyxyALsgcUs y3U oUUUaqg Usastiie skelFAD proximal) €x2G,U Uy 3 1
y3U ¢ Ui o6 dgshudlmpa)(Cd2€ o Us vy 3 U U e ¢ stradiuralephiry 6X¥6Cs €U
O0UGy); e3Uvied W U&de Ui oed o2as3didd oaUs U ' fh UsaUa Gl
“"gag U Usuosoetignakleprg.iaB OF1Y) . ] ~ AFAD,e U&G B @ § Wdry yUsssgU U s
cytce 008 @6 UesssUUBnvaNf2YoftlcUfPocUycei oaqUU, Us @
aglGUUyssah sUioed osas3didd HUUs UasUs GUds e3Usiivy
UaadaU st Wiade «Ws UxgU Udisnakser &.02011)0Toai s ( 6x16C ¢ ¢ Ua b @
GUUdUy od etpddameEridJ4ng & Lu, 2009) oUs GeUUasgUUUs eU Uds
FAD (Hofhaus etal., 2003). K alGdd, ey ateys UFvI/ALRY G Widay g gt d
agtUUt30d g Ui dgsU0d -ssgl “gadsoisil dimesiation) U loWeseldy dallq U0 d
99U Ud aUsUsgyoaU Udd “~ 3 vUUts3sdd agtaUUs30d.

3 Yy6eg3 UsUso;egheUsEdl UUHY4AB8da BB4 LUsU UBda U
"J Uy ee¥r3 e£6)a¥3 g 6 OMiag0r(Mesetkeset al, 2005; Rigster et al., 2005).

ZUe "~ Uy Uadhs dWmgpUdsdi¥yycegs ~Ujcetisoasa UsaslUessy) slUac
GUsd ) Miahlpr sBOMp o Us Us YMiauioU oillkd sUU g e @hdgnskadisaly Udd
2004; Mesecke et al., 2005; Rissler et al., 2005; Milenkovic et al., 2 0 @ideds, & Tokatlidis,

2007).

Co M Co M

N Co

™

¢ "3 yvUEMis ¢t 6 Ua sUnvired@osdd O0ee UUU,DTThH(Lew ¢t all g
2000; Levitanetal. , 2004) o U= Wty BHBO U &iyc(Khdmaieretal,, 2007). Osc
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UscdUa cyticUes” s Ydla 3 b im UtmUWafh Ulrdic Gegoaligl) sasayd
ge Uy salUebUszseysceg oUs ed Bimndercas allj 9200600 73) . ~ ;3 zx000vwy
UaadaU aity Ul ®iaddod Byle &  @q30a e3dllUeitc ( Wge e OUycUs GUs @i
WUdd UsU 3UgtUseed Uesgidddg)UDabiceia.(Uaeo3iPUg ki v U
e OU0UGy) 63 thkas adBdisrd (Ggee 00Uy dllbdda Uds Ui isedgatillboeale d

a4

Co

(Bihimaieretal, 2007). O3U ecUo¥Yas  etellgUdcgobldyétiasy 3t
U  fh Brdls G Uesc headi(Mergan & Wikstrom, 1991; Cortese etal., 1995). zU Ug!
Uy h 6 GgasluyOUUMAa8 Gz sUxUssUgtalUsee UaglalilU oaUs

Usazsoaaei 95 UHQ) Bhmaed&t@dy, U 2007). A addd, UaaiAss U sdUs

GgBs GGy Us GUe GeodeUUsleh UsUley ¥Yd UgaUesoaasi aUds
U e ATP (Herrmann et al., 2012).

¢ “yyUAML ingitoe "8y Ua 3 U eWlU®WYe U Ulle d ¢ B,0s(ke &t al.,
2000), d GU Ggnoydl0pyedoiilBagse ¢l YMidda)(Bikmalgredal.,
2007 )H,0,8dd&)d Gga3ycUs UH@E v Udibdlircytl PDeroxidase) . ¢ ~ JEwU UL 3 d
Usg (A thaliana” Uy syeUs y3U e99a} h gty htiebs Uga¥Yal®m U f
063 UYFAD U8 ¢ caige Ua GU H,@}yFRdss2008; Vituetal., 2006). J 3Uad!
UgaYes UgUR U 6glsYeAlRO WU Ad dJelt Ug owal(t Balgdi mahnn B U0
“gliyalUdd e 83 Ua 30 UaU; UvyUUs U f Usdetdlg2oaepldd Uz
i UOU; U GUoecUjeeiadlUU € 636i3 30 egU0UoUa éysaglsa sUksU U,
"Uj UaUdUe 925U UU oi UUU,OWAlENE etalg 3 @ © & Byd-c. dvE) 3 WoeltUhad d1 (
;) yd o9Uei UUjegUUlGeyy@Ued Wa s 3 d&RI(Farréll& Thorpe, 2005).
OUGsEnvlidqdU € 636100 30 Uy UaUdyoatU0U0Ua oaUeai UU; U «d
Gdegoaliglijsaeseoe e3UsuyYld (@MBassee1977).1994; Hemmerich

KoaURd U ' h Ue (glosoeh MA4®, gd h & Pyl eetlzaiigss Omt L a U
vitroe f} s U ag lysogyime)d d d(U s ¢ j thiateslaxin)T@EP o Us U s d UsDad)(Miw UR o q
et al., 2006; Hofhaus et al., 2003; Levitan et al., 2004; Lee et al., 2000, Ang & Lu, 2009).

S Co O Ce
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HS gy
TOM

Cytosol complex
y gty
Outer Membrane
Intermembrane
Space \+—l—/
= HSA  Substrate
D 2 QELN
HS sy
s=S
HS SH

Inner Membrane COX

Matrix e

0, 2H,0

KooahsU 8. @oUoyUcseUUsose Ubelsafars UfrsUep Useszsa iy avxs (Hel |

o -

5. BossesoysaUsU "~ jvUUysit s Erv/ ALR

¢ 6996oy3UsUENVAIRFPYEYs L scyadq GU ~addijy U 630035
byatesgalUUs GUU esUesch3itiynasl, GUe “~gyesU, GUess Uszsryr
(ER) . Yy haliedPal@edgal ealU 3 v0Us3,d BUsqpd dexiiUxs asYibl(
U so0) YUUs U ¢ ErvlBatschigtat.U0:23000 8) . Brelf ayecosly sUddl atddg U
G0 s96id Uvs PevideedWUsUdiursi doviri daEBIOR&AUsU288 R,9 e @l
(Yanez et al., 1995; Senkevich et al., 2000U; Senkevich et al., 2000b, Ke et al. , 20009) aUdL d
gUY, f A thalidnb @evitan et al., 2003).

¢ “1eyalgrild tUhsd UasUs U hoagUU o3xvdUe, hHevxd by y
Ue Ued)dBiens fp-Uo o Ue 3 5 o RBsydhroflextisetorquis, Ue 6 6ae U 8e@3 1L
UaoeUUU “¥Yoeg Udd jesal998)Us st da t(dBdo,wntayny ddoUs YaaU
cehocoUmvli OduUaoeUUU bUaUdy avasetdl i 2¥000070)3,8 5w a0 0
aUU0- UrxrUebUaUey s U, U0 6 6alU dUvjyeis3lUUs 65 “~ 968 o
A egeysvivl dU e 636i U0 30 yeUs bUaUdyoUse ~jaeyalc
"1 6aUygyUsoeasid 8)0o0Usslecgid U 6gttalfsge 30 008 §aqgsgdhs o
“38d Ues "~ Ujyhs aUUUseddUa “~eoey ¥vd.

¢ Evi GUU esUschsuysl, UaURd U RIA UG 6t Uatedd Ule g
bsesoysUGd Uxs ogUESs sy »UUg B0 on(Sulfur Custer assembly
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machinery)y GUe3 GUescUjeei oadqUULamet ali U203 vyE&le GUsasc
g YyeUs U aldd Bri2a BHV2 JuwWEUstBas Us U Uy UalUdUd o9sU
agUUY,; v3, Uesa¥Y aUsUcghodUd UsUU¥aad el dstdh&Eigdvskii a e Ug a
1998; Gerber, 2001). Bs ~j} v Et 3 B UelGUsascegs 20% cesasoal
g3Ud) de Wxwg cliibeyafo fp Swin & Likewski, 1998).

Bs 3 vUUt30d QAKX (Quiessis-QuftydiypQkigase) dU0x¥) UaUUs HUs

"H GgsUszsyesszd Udd bUsUdijessad @ Usa(éarsU Uet)sholydvelblin)
Usgd “eegei UUUjyegd e6j)oUsslesgid, Uesa¥Y U 6gls¥Ysaeg
Uh 6 U s sigfal gequence) , ealU e Uia U 99UVl gl gidlmag aJY ey
Cx2C, ealU "~ Uy} 96685 sHMeixiRicmRegionHRR) , d 6 e6aU UaszUs ea3l
Usd 3 vU0Ut3Ud o HBrecl atoxa csdjodbpbeklet al., 1998; Coppock &
Thorpe, 2006; Kodali & Thorpe, 2010). EU @63 sley3Ud QOspx@Uxpdds Uqg
eaU@BA 0 GUe oaUybsaglUUeassah ¥Yoayae. Bs 3 xUUs30d Udd
esUsech3t)slU, Usea¥ GU ¥YeaalU oaglUUU)sea¥Y UsUeUjaeie UOU
a., 2002). Oecegs Us¥Yley Ud aUsUesgyjoaUd, ehy vyagUsUeld s
saUslivyUsee jidestd Udd uj UGU0dy s kt@ld (0O Coppock étaly 3 ¥3 L
1998).

Co

Co e

Co

A QSOX
sS Trx1  Trx2 HRR Erv QHZ10
o - coon
CxxC CxxC CxxC
B

Thioredoxin (TTuprjvag, KUTTapOTTAGOUQ, PIToXovOpIa, EEWKUTTAPIOS XWPOC)

PDI 2 (ER)

En2 (ER)
'ITpLi}TD—EN’ { If-Erv1/ALR ([JITO)(OV@DIC()
Sf-ALR (KuTTapOmTAQopa, TTUPAVOG, EEWKUTTAPIOC XWPOC))

KooafhaU 9. ) w@eese Uxza “~yvU0Uysit3s Udd esesoysUsld
d) AKAszyassd Urxs U eej3 UUUst 3 Trx aUs Ervi Uxs | vU0l

EFUU ddaUtUsa¥ ;dr U8k § Breloldeds 6 ¢ YWER) (Algmenter of Liver
Regeneration) , e U3 (H8$ (hepklie stifulator substance), GFER (Growth Factor Ervi-
Like), HPO (¢epatopoietin) . J 3Uos vy atGUdal0 o9sU0 3 1Ud dGey ¥y Us
agUUY; v3 e UUclgBrdtqueetplUarv2975). EUU ddaUGUsa¥Y by ad
gU0e oglUUU; H aUGe U, GUe Usite aUlcUUsah UasaUge, il
(Gandhi, 2012). li-FBd3 a¥addWse G U ec9Ucchsly sNIA CGc UL
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alUsCoaU4d)lysyclUs y3U UesszegUUasoafl UecseeU 80 sfAER(Bietay ¥ 3
al.,2002) . | sAaRWUlg G ad¥yeUs U UU esUsechaitiysU, UeidUs
UOsitie aUleUUsoah UaoalUge, GUs3s “~gjes3lU qgUklsikleds allbovisg
U h IBALR.

30/33 130/133 159 176 cys

A Emvi 1( I GEAD[ | )189a/a
71174 142/145 154 165 171 188 cys
IEALR (23kDa); ¢ | - [EAD T T 1T T D5

62/65 74 85 91 108 124 cys
st-ALR (15kDa) 11 [EABT T [ T Di1vam

KAoahsU 10. m@eese Uxs Ervi/ ALR “~1¥U0Uysi s A) o US rdiwiside)lboe U U
ALR o {ABR (H.fsapiens) . BUjegls¥seaUUs Us UsUjyoh oagtUUyssah sUioed
("yyvadimelisesoah sUiosd (e aU), 65 o2gtUUs30dg ltUselUysliecsi ( 64U
Udd ~ 3 vyUUst3dd a2gGUUs3U0Ud (eUije) oaUs d “Uypoesece "~ haGC
B) 3 eee Ud dsf-ALR@Daithankar dtdil., 2010)
gemRNAUdd ) vAOUR sliledliy Ye UUUs oagjavrd GU0Uds oaUjilisYy,
GUegd "~ 3Uieesald, GUsgd GaUaUUsoeasid i Ud, GUs 300G/
UOebygya¥Y baUGUsoai UUUJ U aUs GUsgd hyHatlymgtal)x994; Uy 6 g}
Giorda et al., 1996; Gandhi et al., 1999; Todd etal. , 2010) . @sU ~ Uy yuUsoeU,
aUUY Ud us¥Y) aUs U UHagiyalet all 1994) Gierdayesal),i1dog9 6() . ¢ 4 v U0+
Ugadeysad GU UebygoesayY, 3Ugyosoa¥Y oUs Esd 6pqUasYJDH:
“"Uyei U UphGe GUe3 63 His obtal, U0 99)UUEDBUUpB y (G
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agjard o9630Y GUesgd 3Ugjt13U0Ud oaUs GgooaUajyseysU GUas3
"6l0eUsosayd UsoaUoyd AR O isdish Usl U3 Udds 8f U968 6oddai
UosUosvytdUsssga e¥y3 Ugy UOd GO0 ~ Uy s UL GUs dsandhi,00d42).00s (€ 6 i

H ) v0OUt3d ALR (GcUUasUUUs eU Uds UsUoyetaaddd Us
1975; Francavilla et al., 1987; Webber etal. , 1994), GUe U(etdleas 1980)p) ai
"6 3 UGiarda et(al, 1996), 0Udslagiyalef &.g19940Giordd etal., 1996) oaUs |
Yady ¥ 68 ( leak,d995 Giprdaetal.,, 1996). ¢ Uesojos3heUsd U
UosUoUdy Baf UO0d Uvs ~ jpUrTitdor necrasis fadtioFa) o WbqIntdrleukin6) e U Ud
beedUsU Udd i+ Uyadd Ushd Usiooaietalg 1989 Gamdhi20) U Ud 3
A aldeflRed 6y Ua 30U u)YiUs vd UselaeoaUUUdd&le,ayly9 1)U.e
ALR G6UUasU0UUs U UGdys3UsUd, H ¥vd Uds 6y h3asU d C
oaUjoasyeU (hepatocellular carcinoma), Ue eceaUooU:
beddyY GUds UsUoyszsadid Ueg dg alllszmpihy gpinyvandetfpl., d OO0
1997; Polimenoetal,2011) . K o oy ABRd U Yot 3hdls g Uy Ua iy Y
aUUdoe)ald 3U0Ue aUBaUd "~ eg yetal.g2010cTedd ¢tal, 200 3 0U) ,e Ubalalyy
jhased Udd WlmiyeWs Ugay s3stlU0a.

¢ 3 v0Us3d ALR dUxvj3 UaUUs HUs 3 gdeaslUs Uds esUs
e UU0Uoj UGe oaUs Uds eU0UYGy Uad Ueg ‘miTFA|(Pddimeac et ad U0Uo )
2000) o9Us G6UUaegUUUs eU UdsAR3PegbiqlidqUalegU  &bB P
s3UsltivyUsefh GURGYY $U0Uded W §UHy Us Uds U K Urxidd Ur:
Uds U UaUgdytrttilf UWge sUschasaigl2012)( Pol i meno

FUss GUeacUjesei adqUU oaUs GUs3 ¥Y3djjre aUadUal glb salliod
igloeacosoe esUscaea3l)sUose lUeece oaUs & UDNAfFionzetd ¢ UU
al.,2009). U Uy aU "~ UsitsY ~ Uy UUdR1®#H g B BABRA U as adU eehU Ygor seUbeds ©
egt 3, Ujye 8 6oellUsd GUds swzYsgUophblsddqUg Unsl,d o
GU0ds UsY Ugsd aUdid dq e€UUYaaUsd U dRdodetis 2009 6 UUd
Daithankar et al., 2010).

1]

Ce

6.B3 Us i ¥ Us a(fxidétivg streks)

Bs UaUi dUffe®ddicals) s Bd)) UaUd) aceatidelitids wWatbUU, soe
UsbyuU. KaszUs ~ @ai UGUUde ehyoU eU GisUesed tUlio
"Uy UsUaesUsU ehyoU, Ulkseyals UsU 00cfjo WhgUive gyss We U oo h
igp) UdUsayd z6)0Gyd B3gohsegdBSpeROSs) RedrtUsds Ve alxaysgl
UaUi dU; 0Od 3 ae60d ( .6. 69 jpasUd gljesgaasg)), 6G olc¢
g3

Co

GgUdehd UaUgdy)rs J o613 oUs ohsUryralUb 6golbgs U:
“. 6. Us g Uy cehpddadg®meH Usly egailemohstiy sU U eUUasi 3 U(d
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}J961 3 299U Us oi UUUye aUdi d UsUa ULy ¥YsUOUUs dq UsU 3
U0 g UjeaUsitiscit eUUUgsrligeeddyGogsaalUdpt ® c3yrs.

Bs 6joUsstesgaggcedaeUsioféieid saUstivyUssed YegsUd
"Uy¥oe3UUd “"e6g U ' eeUsajiszegas Usd UaUi dUy USd j as U
(Superoxide Dismutase) , 65 6 6alUd UMD,y cemge WeseUsy i 300Us
a UUUa valathseY Ca UU ad)olijs@ Gt ¢ UUU - U} ©0a ¢ FWBE 3rBidh v83@s g
Uie ) vyEbOKSodlgSod2), Uzt GUes (GUoctHle dilp ¥y UUBeUsg¢ga
agUUU; h 200U oUs eh3e y5%) echoyoqlhe UUliss tillhs UidsdU e(Ule b
¢ o Ug ¢ @ 3Siustzeetrak, 2001).

¢ 63Us iy Uaxdgtivelsttegsyd U Us 3 ety Ui Us €950 usUUUy

e U003 Udd " UjUoryvoed UjUGUsa1 3 e6y)3 Gl 3 63goh3aeg

GdgUeelUUcd 30U Wapd¥eehpbt HUsU3U UsglhdéegyYéePsoalodi
saUsltivyUsahfh GUy L°Jg’ "1 6aUaUa Uooc yDNA A Um0 dedd e® 2a)dUal
"3 8aUayilUs Gcde sleh ©®NA g6y (Blbyssall3az oaUBa GAFEUG Uy c e

h- rvd Uds g’UJG&UGU'X‘fJC[ Ur3s o9 sltars.ejBa 3;0r0d)tad
GoyYley Ud ea3UsturvrUsayd bavYbUd, h ¥vd Uds e3Uaitrvid Ux
Udd Uy g UesilGY¥Ysadd. z 63 Ua 30U gudoelGUs 60U UasaUoyd [
U3 U0Usayd eUUUaa¥3Usd oaUs 06U, Upodoegal GdddsUd gilliay ¥
sidoetlUs GU oUjoease, UydjaUsul, oUjliss YdUsUd, |
d¥sUUe oUs Usszsoe Uy YUHlaumdg eddl. 2910 ¥Ceruttij [08% Madliwrell & (
Gutteridge, 1990; Levin et al., 1982; Munkres, 1985; Pierce et al., 1991).

shor Udd GdeUGaUd Ueg e3UsitvUsoesi GUJUd ycaeg:
bovlosehUdJUUS. coeyidid ¥ 3 G6gadealUd 63 Us HaOL 9 aasyis Glelyslly U
UU e 6aU GgseyaesesUUs GUe3s YasUalU 3.

a3 o B. dosrvlosehUdlkbrevismddyirps dealld e3UslivwOsoaci dU; Ud el

EgadealOd 0O Uy U Useh & bBeGasalUh U sbaxi pdeasalgid
H,0, (188009908 0s
0,5/1/2mMo 910 YPDeYPG YPD: 0,5mM 92%, 1mM 75%, 2mN Jamieson, 1992

17%

YPG: 0,5mM 98%, 1mM 98%, 2mlv
83%

(goje alUaa

0,5e1mMo s th 5 | YPD( " s¥YUU) 0,5mM 100%,1mM <100% Kugeet al, 1997
3mMo s b 3 YPD(goje aUe 10% Magheriniet al, 2007
2mMas U 1le YPDe YPGal YPD: 1h 15%, 2h 0,1% Verniset al, 2009
(goje alUas YPGal: 1h 90%, 2h 55%
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eOUUaaUoey3dgU Gogdladddgs Us Uds Yoyoseg Ui "eg ~} vUU;
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ZANBE: 33st¥)] & Z7ZAUBmBtL
1. ¢¥Ygsad) slUoaed bosesgacgoald

1.1 ¢Ucsoseyd UsUbGgsugUleysaseg DNA
ZUds " UjyeiadU U;oU0GaU, UGUyehOGddalUs 63 s0eys3ld
UoecUsjatse UdigMol je Cldning Jameopk et al., 1989) oaUs ) dlses s8se
"a2UlesliosUssasdymg UUeg U833 BYaszUaU 4
a3z UdWpUlesitisUsca (e Uad

"balUlcalusas gyeyaUgld ] 3UsbsasgUsah

pSP64 Promega ] € 9989 ag/mly

pSP65 Promega ] € 959b6b0mly

pEGFP-N1 Uy UY Dblisfwsky 7 U3 Ue g(@0agénd)

pRS316up40-cyt-b2(? 85)-Dre2-3HA TOUUGaUgyYGUdaU | & 90650mly

eyad Usg K ol

U hoaU UlALRoeesgauca;Uqueee’eeedqaﬂs G0ds " UpeiaU eU0ay!
aUsUsgyoalU Udd } YOUs 3dd o g0 UU(sALR C164d1654 ssf-At RICTEIgea) o e vy 3 Ud
isU Usd "~ aUlestslUsayd aUUUGaUgyd UU UsdyeUUU @
"eage U} Yidd. gWc ) Vadlealisa U UU UsdyeUUU ofh doaUsz ¢
"0y 96y oleaci BiMdchh@OpE & New England Biolabs) oaUs Uz d4 BNAs ¢ U
Ligase (MINOTECHBi ot echnol ogy). EUd Gg3ayeUsU ~j UoeUUB @»s

Usg bUsaUdy sUos®HSA 0 UWeeydsegd o983stisUayd oaUUUGaUgyd
Uz Uaty UGd 0O6ngBGRY, 3 ¢ c UyseystUsose Usigestipritdst) Uwdls’ o

elU Uesadeciceoatdd Urs UsUUdUseys¥s o90@3sUa¥s.

1.2 Teaxvys3e eoetlUsd 00U ~ sonilgmdusUesci d Gey Uad (
ZUU “"aUalsU Udd "UyeiaUd 0;00 aUd "3 UoeUUg "
"UysalUebysealUUs GUe3 HYaszUaU 5.

HasUéugTaxse'esqusg’

FUOUUGa Ug baUGeau{ OsdUsU U’ O3ege ( EUhced
(vector) "2 U0 ¢ aifiserd "0y 96y 9
pPEGFP-N1- pEGFP-N1 pSP64Erv1 EcoRI/BamHI | z UUUGGcde UU¢4
N72(Ervl) Usdyt1 930
PEGFP-N1-cyt-b2 PEGFP-N1 pRS316up40-cyt-b2 | EcoRl/BamHI | z UUUG 6 de UU{
(?85) (?85)-Dre2-3HA Usydt " 930 ai
pEGFP-N1-Ervl PEGFP-N1 pSP64Ervi EcoRI/BamHI | z UUUGGcde UU¢4
Usdy it 930
PEGFP-N1- PEGFP-N1 pSP64If-ALR EcoRI/BamHI | z UUUGGcde UU¢4
N8O(ALR) Usdyt1 930
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3 zUUUaaU390U3y0Usd o263siliars (mutagenesi s)
i1 dioec e6oedjplsadme "Qui k-Chmegeed i met agenesis Oi
sidoalUd Uesg aUUUGaUgUGUe (Stratagene) 295U Ud Uudes
GUe3 HYaszUaU 6 yaoUd 89 o983silslUayd aUUUGaUgyd Uayo
o _Ya3U0aUd 6. zUUUBa0eevsllss dgs s'eadgd o sl G Uds ~Ujei U eUayUd
zUUUaaUo¢ BaUleols KoaoasszdUyd
283ailisas aU0UG s Uy
PSP65 PSP65 5 BCTTAAGTGGGAGGAAAATAAAATATGACGAAGATGGCAAACC-3 &
N72122K-DHFR N72-DHFR 5 &GTTTGCCATCTTCGTCATATTTTATTTTCCTCCCACTTAAGCC-3 8
PSP65 PSP65 5 &GCTTAAGTGGGAGGAAAATAGACTATGACGAAGATGGCAAACC-3 &
N72122D-DHFR N72-DHFR 5 &GTTTGCCATCTTCGTCATAGTCTATTTTCCTCCCACTTAAGCC-3 &
PSP64 PSP64 5 BCTTAAGTGGGAGGAAAATAAAATATGACGAAGATGGCAAACC-3 &
DHFR-N72122K DHFR- N72 5 &GTTTGCCATCTTCGTCATATTTTATTTTCCTCCCACTTAAGCC-3 8
PSP64 PSP64 5 &GCTTAAGTGGGAGGAAAATAGACTATGACGAAGATGGCAAACC-3 &
DHFR- N72122D DHFR- N72 5 &GTTTGCCATCTTCGTCATAGTCTATTTTCCTCCCACTTAAGCC-3 &
PSP64 PSP64 R82A
I-ALRSR/A If-ALR 5 & TTCAAGACGTGGATGGCGACGCAGCAGAAGCGGGAC-3 8
(pSP64lf--ALR- 5 &TCCCGCTTCTGCTGCGTCGCCATCCACGTCTTGAAG-3 8
R82/87/92/99/104A) R87A
5 BGCGACGCAGCAGAAGGCGGACACCAAGTTTAGGG-3 8
5 &CCTAAACTTGGTGTCCGCCTTCTGCTGCGTCGCC-3 &
R92A
5 &GCGGACACCAAGTTTGCGGAGGACTGCCCGCCGG-3 6
5 &CGGCGGGCAGTCCTCCGCAAACTTGGTGTCCGCC -3 6
R99A
5 &GACTGCCCGCCGGATGCCGAGGAACTGGGCCGCC-3 6
5 &GCGGCCCAGTTCCTCGGCATCCGGCGGGCAGTCC-3 6
R104A
5 BGATGCCGAGGAACTGGGCGCCCACAGCTGGGCTGTCCTCC-3 &
5 8GGAGGACAGCCCAGCTGTGGGCGCCCAGTTCCTCGGCATCC-3 8
yaoUd s g hees Ud oaUUUGaUgyd aoUGestars g Us
aU0UGaU0gUGdUa BghUyadlUgyadgUals ycegas UaUocdU g
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2. U3 U Usas

Y UU, uGgsdeaUd Us ¥ U
€99)6a68})oUs

O
Cow

2.2. E. coli
jjdisee 8oeddal U
GUesgyc®BI dy U  UbkBH ey

8 Yo)yoeg Dhsaley, bUsUgy sdah U U
3
2.3 S. cerevisiae (yeast)
isU Uds "~ UjyUovoe ¢9Uaaca 3Sigervsme (Uo)) dBsye aUia scegd B d
"Us ) Ye UUU e63UsitirvUsoeci 00U} U0d) o6i1ldBs e(eaMmTale)d dmaaIU U@(
“Uj Uoyoe aUdUj13 U h YeoaUd cUchbp¥ayd fgbdeedly) dWs¥
gU 2i UUU; U eVUoYortUsCaW Ud)Wl) @seh Udiyale 300 ~ doe
e a2UaUfed Us¥YaeecoU U Usd UsyYoaUd Usg "~ Usy YeUUsJd.
dy U Usa¥y eyiU:
YPD: 2% (wiv) 9 &g o f wief) yeast dxtact(2% (wiv) ~ U~ Peptend) (
YPLactate: 2% (w/v) & U a U L% @w/v) yeast extract, 2% (w/v) ~ U~ U fpsi §,5 ¢ KOH)

3. jUsy;stehd snofhaneltol Uiy av¥v3 (

3.1 J eehsvidd e95Ucee3l)jarys U  hS. teseviviae; seg Ui "¢

isU UU ~ Ubhivedd U0 WxU3 Uy oed "~y hiyeedd 3 vU0UL3d
eolUschslu)sU alUs U 1 UG 00036 sceaslicdpasliy araUcadfhsitiy s U
Ui "e6g 00Uy Sltereviiae2mB-10B. ¢6 GUyaUeced UgUfR Us W Ui 6d

o

U dUjecegegOtalUs3d; U UsehUsyWhd Uecgo&pasgly thilate), ( YPL

Co

GU0liseeysaeag Usg HRUs Ues oUaUsUseh e3i UUs e 6 Ua 30
sagafheaglidd GUes agUUU} R 2U08ecU Usg GUsacUyeeilbed lg U
U eUyaUlBeU 30U U sbosit3esgas ehae UU o9i UUU; U "8g Us!
UgayYseaUUs GU Ujysdeh oaUs eU UgUhs Uesz Uy h 8 € 68} 0
GoUtosaUGaU U eefhavrlidd Uxs esUsce3ity) avsDagmesa.ld Gi e
1982) Ue 6 8ae U sU;y Us Uds "~ UyUorvoe esUsGce3ili}jax
UsUsUaUd Ud dNyoederzl Glick, Usg99 1) . ¢U eo9UesechsiliyasU UglU:
UsaUUdyei 3UUs oBOeCy) 290Y GUsgd

A3 UaaUsUsayY LW WO . 00ggYeoegUUY, v3 HiDDosecUb s 8d ® d
"gl0eUsose e Uay Uq Uv 3 "3 vUU0ys3. 3 Uv s eoUcGcaes3ilijarx:

"3 UoelUUg 89eddal U eefhasvyld esUscea3ljars 60U esoa) iU
Ud cjyeldd Uesg cde dmwadenz. 0 oglly volieUlBdu UgUY U3 U Ui cddoe
YPLactate & GU “~a6ilise dj U Ussh eyGeYPD) . 8gelU Godeclhs
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U eddoaUi UdalFfeaieaggeeasaat ddalU Us oaYleU "~6g UszUsuaU
agUUY, vs3 Ue 8 6 ace W talhi ddgU jROBEad) dlbil U d
3.2 OaUoseced s5aU3fhUqUUd UstGhueg j UlssldtEgeysr
S. cerevisiae
3.2.1 BUyUoyoe j UloscldeUleiywitrodi G400y di eVUgBdy
e UUUo | 4ludgriy Uddd (Coupled Transcription /
GsU Uds "~ Uy Uovyoe Udd JUusUsU;oed 3 yU00:t3dd
aUdU; UqQUUG oaUs CGgooays3Uyviddd UU 6 Qiagerd) . U ¢as eleisa dilile
j UtssldeUCeysys 3 vUUyst 3 e8%Vc3) Woe BEE he dlmdibxs s bes
"y v8faae Usg o UUUING s U goduplEdetranSosipgion/fFadslatios KitgPromega TNT).
OUlls, 6} duscmUmBesoedade U ag Gy} Us Ues Ugs dgdibdpoayqdde
SP6. ¢ GeelUs*bqg UdasP@asld. jJ)dloece soeddad glBPs) UG
Usg UsYuUs®¥8ecebdBodmaeagg oUs hHhaU UU g hHoess U Uecsszas
eU Us in vitro GiaUdel®@UfigOdadd 6O0BWIUOUWGeephph Usc
Ujygdy it 3 UseagtlUs )RRk (Rabbit Rgticuoeygp tyysodt e) . ¢ Uz Uauy UGd
Udd jUtsU3Ujoed 1 mdbsdd) yoo’fHI aquwyliBl®@a dq U eceUay i
U UU josbelLelUU €0 (GgoemnaUpdatd dUOPe25p00gUod0U
ey 3¥3 blkee elbavdeoyeayls ¥ 3
et adquUU
Ue@Usd Uesg "~ Usy¥YeUUsd d ~ Uy
s lieegeehU Ulesg¥} aUd 995U 3 U DM oedUGU&ddiBg3sa B ai®laege
G08Geega o3 Uds eleahisailyhs U0dd) ctilblt ceoar@iBdUg g WHW; A geslt
"egso GU Uyh3Ud o3 0U0ci3 U 8UsUU0UUoey3U0d Usd
eosUsech3t)sU. EKEgooalUsjysoseysalU, eU0UY Uds ~UjyUoxoe Udd
}obae L edUUU), vy UUB BWeg s OUUs U0 dUOyefh Ueertszsse oUs U
U’ 6 U o Y UD@mamjrdting( Buffer: 50mM Tris pH 7,4, 150mM NaCl, 8M Urea, 100mM DTT).
j aeacgdUa U mnbl bl 9d¢.UGalU 37
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3.2.3 Kalelegd ;Uuseuo[suﬁgysxs "y vU0WsSL 3 aU U
cerevisiaea Udg Uy Utiseoy UlGaU

by s93 Uds UaGeue Udd ~ Uy
UsUstUsosela% (Wbed 5 j *UULt3dgiU clgg U s
Gey UL 300Us wbWa a0 GUU g hoes G, i Bdo ¢ Wl 6o sllld diedli
"Uy UoheUsdNTWi GU aUs Udd "~ vUUt3dd "eg UUesayY |
isU Uds Uatlas

;) U eysrs JgU0U0Uysits GUU ¢
eosUschstysU U UsUubuwbi

c IF
J0® @GU0es épna/mily,o oy @ Ui U 02
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ATPoa 26mMMNADH. EU UgUY “~ ;e Uad0OUUs d j UusUsUj;oe “ 3 x0U
959 BOMIn, UsyYeacoU U Usgd GURecegd Usg ~ WUbeyieydU sedl U ¥ Ui
“Yae JasasagdUa d U eecesfpsiy dadr 3 U3 deliodbmmrmildssy d&W 00
dUyecoay; UGaU 4eCc U GURee Uds U seyYoajgald Udd j UOus
eolUeaechsty sU.

g aesdeU O UsUusUai UUUs G0 s0GeUs3says Ugarviadge U
"3 v00ysydldg /fnl (G, 0, O ymg/ddl )( O0e 1thgg ml ) &0 HEtoms¥) ad
(1%) oaUs U wynneoUI sUdoss U 360e Yoy gstd Uxs j UusU3Uyot 3
G000 Uesct e UUU UsyUUysa¥Y Uvs esUccestjarxndUgEde®ol
"3 v00%0d caU UslalilU»eUlsU UB@a PhRMSF met hanesul fony
PhenylmethylsulfonylFl uori de), U3zt d Uy gyasd apkUs jirEed (xU)3b a
U oglasd e Ujos3a@aiilsalUfdoadad UsdacgdUsU) os @5
(Soybean Trypsin Inhi bitor) . ga Thtone { PgUdaUsBhoyY TXdEOE e Yo Ul
GoUagUs ealbglbs Dged) U eUyaUleU 3U e @®ymicgs 3tlsllcdamnie
"3 vU0U0s3U0d eyalU GUR Voadecharjaod & gd ®deose Uss UalUUs «¥d
Uayoeeg Udd oy yvaddd Uxs 3 xU0008ut3. ¢ UzsUammUoeg aU
SBTI (Img/ml) o enh G100 dU) ecoay) UGaU 4eC oaUs UU esUschaiiy s
“"Up U ¥3y auslUd Ggadeald GgoeoaysUydidd.

zh3e GUU UGUao2eU0UU “"6golEGelgs clg ¢ Kooty srpds G\
U UsUjo6 6adid Uxd 6 & Gralddiedredlqng®ey o Us dUj e P@asB UUs
5min. EUd GgsycUsU Q3 a¥mitd U)o (gde U3 Uy 6 igsolbllbmirlisUs d
Uesg’d. 40  UsUU, Ue g Uy3ddlldiesUs ea Ub sddlogede-U5 Ut Us Bixs
aemmli sampleUpablf deUasdUshhoad (UsUG Y Usgd Usleg:
Usd ~ 3 v0Us30d) .

g0 UUaoeUUU by ¥Yee3UUs (mhody) dladdplaelU95¢0 ools
“do Ut e - Ukean U d d -Tricinens50mA G BUd Uy M) ow UIDBWSMAG UUd U ¥ 29 (
45min) . Yseae UGgooelUejyoseys3lU, Us " eoaUveU b WieldbohmssieU UsY
briliant blue R-250) , d 6 e8alU byYiUs ¢ a0 Usd " rvUlygzageyd
s AUqUU " ¥9BBydd d ~ Uy addU0UsU Coomassie U cgelUayi:
UoYageU U sclesc@Usaisai Uy oycUs
“¥Y3y GUe ‘eddeUxlEd) " eoaUxeU GUUo31300U0Us (20 UmyBioe Uge
j1disee @oeddaUs

c

— Co

Co

aUs @6399af 63i 029U

Coomassie: 30% methanol, 10% acetic acid & 0,2% R-250
Destaining buffer: 15% methanol, 10% acetic acid

A3 UaaUsUsayY GU @6j3oleysU "~ UsjYeUUU, Us oe6ee ¥l
eY) Ugy Ud bCodmasdidsues Us " (herep 6 B U¥s U0U &0 vodd) allh (Baok)  (

o

TCA2 s thinBiUd3s U Uorhbohd) UdUeU 30 ay30U0UUs U0 303 EUOd
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Trisbase pH8 295U 3U Uzo9ptgy j36U dodylBal Ullee e U 3 UMASodaids U~ ¥
Salicilate o s UmiR 0 ¢y@B dui @ oas6eeYUsU () Wyt h&des ey Ugg U
GU0o0313630U0Us egUga oaUs Us 6dUUesi 3UUs GU oaUGyUU o
dUyecoay UGaU Urve800aesg © GUsgd

gyoasad, Ues " eoalUvxeU UsdasmzWUOE OO PhpshEodmiadee ~ 6 g
(STORM 840 Phosphorimager) e Ua UadU0UUs 80 UsaUsszsoy Ulisa¥Y (sac
dyYaUesaq.

o - -

4. doecdesore Us¥Yagld ~J}¥vyUUys:t 3
Uyst 3 G0 U eus3DB-UsaUssh

4.1 ¢oaUaUjyeslifhydad ~ 3 xUO

PAGE)

¢ deUaUjyesifhydadd U U ecwyggbBUesGaiaflf ocgaleel@d dsl
toUcyyateh ~jJ¥UUyssoeat s tUsoe¥YUrs eU byld Ue eyoUc
Us ~ e olbykclr) o Separating)( o Us Ue U selelbyuctiidcking) . ( ¢ “~ealUve
UstGUsabUadd ethasBi e UadeyYyopwUsealUs U 100% sae j e U:
yUlGs 1800 UU "~ vUUyssayY tUaoeUUU 30 Ugdgoj Ucscascas
"eaUxvyeU UsUecyyoslesgi. G9U Uss “eageU) sleTMEDWIUs da U
0,1% APS (Ammonium Persulfate) . U UUaoe UOUU U¥s 3 vUU0ysit 3 ~} 93
Ue a6gUases3lUUs U lsYageU " egulOUPgy9i8, SR8o06f éag
iie UesszeazoayY laUBYde s UY YaaardaU Usd ~ vUU:L30d aUl 0O

Yas3 Ua Ud Tris-Tridire DS

Separating (ml) Stacking (ml)
49,5% Total + 1,5% crosslinker 1,250 0,250
Gel Buffer (Tricine) 1,650 0,750
87% Glycerol 0,650
ddH20 1,400 2,100
10% APS 0,050 0,050
TEMED 0,005 0,005
Fi 362aa 5,005 3,155

Cathode Buffer: 0,1M Tris pH 8,25, 0,1 M Tris-Tricine, 10% SDS

Anode Buffer: 0,2M Tris pH 8,9
YaszUaUd 8 .-GhtineBDFr i s

Separating (ml) Stacking (ml)

ddH20 1,600 3,400

30% Acryylamide mix 2,000 0,830
1,5M Tris 1,300 (pH 8,8) 0,630 (pH 6,8)

10% SDS 0,050 0,050

10% APS 0,050 0,050

TEMED 0,005 0,005

Fi 362a¢ 5,005 4,915

SDS RunningBu f f er ( 3lx pH 83)01%,408Tfs, 72g glycine, 5g SDS
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ZFUds "~ Ujyei U eUayUd 6y d0Gsc @rsdrmireced alBPS Uzvade = WUOU
el Usd Us¥YooaUd UdnpTricinds jar@ 00U HoUcrvj asegs oUai (
ey oUasi bYyegd ~} vUlis-Ghdige.  PUGgegddYeUs¢Uc) dqlisea o
GU0Usgd BaszUalUd 7 aUs 8.

42y 3a630gid “3vyUUysit s GU eU0ebyy¥ad 35U;38oagU0U0; c

(Western Blot)

¢ Uselc @uaWesternBlot) UaszUs e€sU UUecssosae UsacsUgldd
eyGU GU y3U eUaoeU "~ vUUysit 3. jJj369aY U 6eac3t 300U
"eoalUyvyeU UsajgoalUeatdd. ZUd GgsycecUsU 000Gy, 83005
39U0)3co0gqtfilUjnxse s eoeddalU GicliryraU U Usd aTiadssbmtUd Us
Semi-Dry Transfer Cell Biorad 0@ @&iBad U GUUdUye UYGd 20 Mrygransfdde G G
] asacgdUa aYagyd Ur3s ed UslUsot 3 dcyBTwss thetl 5%
d0j eeo) UaU UxvyeUUaeg © E/PU aWWUgdbeg eadUatbsUr ideg G d .
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