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ABSTRACT

Sustaining the integrity of DNA throughout the lifetime is critical for every living
organism. Therefore organisms evolved numerous ways to detect and repair different
types of DNA damage caused by various endogenous and exogenous factors resulting in
replication stress. Defects in these repair mechanisms can lead to severe human diseases
such as neurological disorders, familial cancers or developmental syndromes. In presented
master thesis, we investigated the function of a yeast protein named Wssl, a
metalloprotease that participates in a recently discovered DNA repair pathway that
proteolytically removes DNA-protein crosslinks. Wss1 shows strong negative interaction
with another DNA repair protease, Ddil, in which case was discovered, that double-
deleted yeast strain lacking WSS1 and DDI1 is hypersensitive to hydroxyurea. Hydroxurea
is a ribonucleotide reductase inhibitor that, in the end, arrests cells in the S-phase of cell-
cycle. Based on previous studies, we performed rescue experiments with various deletions
and singe-site mutants of Wsslp to assess the involvement of particular yeast Wsslp

domains in the replication stress response to hudroxyurea.

Key words: Wsslp, Ddilp, DNA damage, DNA repair, proteasgeasts
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replikaci jsou pak tyto chyb> 'afefete> T o "+S* af-3%ce..f f ,3Ste ,—e3«s T
"attze> T4 ezeZit—EA.. AShibtitahi'et al. 1991)- 3.

eceZt o f .7 o8 pelec— "—we. ¢ ""i_tco— of,C "t % —T7f .. <
Freitas & ¥ f% fZS te trss & 3—a@cef e——f... A& o—F"% efefEA et —-"%70,
®e'TZ<72 f ®'0%E)ZEEFEA.LA of " —Zf . el — @-"7—— —fo—" o—

fe—2"2 fZ% <« oxe3 «foe—7 eoc——f .. f& ot> oe——f..F 7 e"<—c..oy...S %ot
"t %o— T f«oA oo fA ..¢ teer——([Et 'AAeT—geet o —foe—eA —O ..t o1
eef«ed @™ra—ET 'fTT3 T, o« -Bérnsteiretals 2008) (viz obr. 2).

Obr.2.| ‘ae<';t-A “«fe—t of T3ZA...A...S ,—0¢7..S ®'06+',—ET "o -
"t —  ef “Oeece— +217£8 _EfeAd  "—< —‘e— me‘ieA
Vel "t'Zco—EA..A...S ot ¢ tefZ— ot t3ZA..A..S ,—02..S &% '"f
“yoeefee'— 'aA« <o Upradehe-podld (Bernstein et al. 2013)

311 >’ taeereteA o Zfe—7

S<tf..t ,ZeA

e—f"fe..A "ffee—<"eAec "*"efec e>¢7Aang. ReadiveccOxygen
't..<te  f  f(lnoud «&—Kawanishi 1995)4 ‘S<tf«sAec «coctZotadef t4peagt -
e3’8AAexS' "B teA <ece—EA.. ABzdamyla 1992) af "eecez “A...f % tr

t>’8 '‘oee3e3ey .. SVahuvadidisetal. 2013, Yuetal.2016 & FTE«fe—-3E<« EF ‘""" Zof

‘S<tf..f %o—foeco—a [ —' +"B8Z¢ EFS' ">e'ex(StechBant§ dovAnevic’ —Fe... <77 —
1997)4 tteAR% be—e—0 —fe' "+ ‘S-0kq7,8WiGHtognanin (8-oxo-dG),s—1"y

EF “>— A"Ze Efe' ,<‘of"ef” ‘Sctf—<"«AS' ‘e G\DKAtH 2005 —,+S* ,—E:

Kant et al. 2016, Bhatti et al. 2017) 4 AA—‘ee‘e— ‘Sct " foy.. Sedzbede B, <—
F ' «%otet—<.. .ot fz—i"f...i f —Ae o3(Nishiddodtedll 2013) Ne&" 1t f 1o+



‘S<tf..t T22% <ot—e—EA “@ocs o——f...A& +—ok@A+Af iS5+ fEH '2

transverzi na T:A (Yasuket al. 2014).

Ze>Zf... 1 ,zeA

ZosZfwoA «coctZf fodpet, 2@ENZ'7Y...S «< £-S>72"y...S &,>—0
e>eZ A+ f—‘e> 7 (RiBhardson et al. 1987, Hecht 1999 Onizuka et al. 2018).
Rece fEA —feo o't e "fotr rheyyladenity ’ &48-nwtylguanin [06-meG))
S..o—"—='8c..oyec f o——f % fABDOK& iSaffhill 1979, Delaney & Essigmann

2004 a —’éAtoT—méG’TZS’powe-A ””f~°i 'igf"’”é-“'pi‘dlfédei’ly'iCE-‘—
©'"Z27e34 +'S'— @f'aA«cec— TT —="ZZ7ee'"+ 0 Z'(Nognaneta209PA ' —xo0e>
Be—1"2 [ZZf«rA «coctZf of —fe Ut TEC e 8 eten et —eTf

MtV fe'Tcenz 7+« fetal’FOPAN o

Tfecef.. T ,ZeA

@t...Se> 7% '3 —Ssece - OHZESFBAZ+A tHfecef..cd 1TE
T9...SZ@A of ©—"7-3 fecetoe—"co5 _ >—'ece—_"tdp TeorMNBrH7ZPRAZ—4
ef ,—O+— offiedbérg et al. 2006)4 3 eye @T" Ete Eite' ,ty..S o——f
Beefo>Z . >—‘eced o—1"Y o0 F Y- o'‘e—Fesd TEfece"Fe of 'A< REed oF "
et etEe— —>—t Zroet f te> 'Att "f'Zof. AA ,—Oef — <EL
Efe' f,2's— f —Ae “5—""aA —""f7'— Spostetal.203@s "t ...«

Fr—"<of L F f TE > 7coecteof Lk e—e7%1t'—<t5
,— 07 ...S 3 3 7' S70A of ¢ YR FoA SHt"EZVpad,> cfoec ,Zcel

T18>7¢,'o'—a ...' "ttt ef "eece— —®@"8 f,fEc..0y...S cAe—a -"7-f
ete3 «fe—784 EWLLré' o<t "7 “fee,f cfoec HUcoctce T — ZoeA f T1'3
e—f,<Ze3Ea@A f ‘t"TATfEA..A “foe,f of '— <ot 7ot <otfS
“eecefEA —fet 'Ac VVf73 "‘eee'etet oF ., Xfad & BAmIoA e < « <o T 7

1993, Flemingetal. trsy & f'7"f 37 f,foec...e%2 sAe—f Z'¢«—EA "1 ' Zcof ..«
«0 f Trie—<— f "1 0Z's> "ZZete a """aA’ft3 cef Bokeux@rd EA "o
Guillet 2004).

ece >0t ——fe"y.. S tcet"B

Lot eZAteA U777 Toeece TslcoctcotTy 8 tTHE ctoec o
T- ,2G%ec A fe—' o't <ot foer Foet —"AALLA —@A +..507° —-
«..Ses EUTIL_3@Ea@Ae "ZZeste 4 “..8%2mA =t e of"— @il
Trr—@ — Tt & ..t eB t ,Z'e'"f— "1'Zcsf-Sabljifetdl 1986 <’ ... 7*-

Youet al.2001).



fee,f ...S¢-<...-y...é o/ —«tece
3e—t"4 'Zfez"eA o' Zfte—7> —"tatex 'Z>.>eZc...oyec —SZ7' " tAe> o

f-Sctc—e,"ecta forcteer & of 'S et A efeTfZfe—eAS o-f"fe
le—t"— etoec TACZESZYec "2 t—eAcf-y 2§ F@AA AV —$--SFeA -

frefe s{xsa fT-' fet f'ce trr{ & >—‘ @e3e> t272F ,Z'e—EA "f'Zcef .. ¢
Carvalhoetal. trsz & "“"AA’f13 8 £ "aA—‘eete— co—F"efZf«eA...S «cocttZ c&f’i
"PrZcof f « U fT et o« TEZT . etakd®T) -<t0 T At-3ce...< <fZ
ot o7 ' «fecord Efet EF foZf-'Sce %, fecet f >"fed oFf o "f3
na & *t> “eecef EA -fd®=&-Vak et al. 2003). ,T',¢3 Efe' <o—1"efZf«eA
«<e<tZf <oSc,-adlkék replikaci a transe”<’...<a '“'AA'ft3 ef'aA«<O—EA ..S>,
replikaci (Aguilar et al. 1993, La & Swenberg 1996).
‘eZtteA of—F% << "fo ATTe—fT—EA eZ'—«Fecerd o—F"x T EA -

t—eAef—-t+ ,700t4 tAe «fe— Yy fEA ,3Ste "$'Zcof .. % 85,03 cef
ere—Fc"fer8 At-3 .14 <ot “foot,et “Zfe—ete—c -3 5" o Zfe—]
80t 3770 A S A f ef"—a@teA e, 4 AACZftie —fe'"y

5-bromouracil, 2-aminopurin (Benzert & Freese 1957, Sampatht al. 2003, "'~ f"f-e#i
al. 2017).

e—3"FTeA "Z7ete

VibeZite— ‘Sc<tf«esAS* StHamnd RO fZe>Zf ..(Hecht 6999),
ecoe— EA ... ASitheand kb Al 2000) < '+ ,teAe 03037y 8 feare Y. 8 Ett
(Hsiang et al. 1985, Coveyet al. 1989) 1t ...SZ@A + 'af"—ateA "o ' tctoe—f" "% o'e_">

at’—ateA ‘', — "' —<Z2%tS7y..S "Z7efe tT'—a@’'—, <.t 'S'— ,y— t0o
"t Zcof«eAS ffri——& ot> TETT of o Zf'e— "I 'Zcof«oA “<tZcxe> oof
DNA (Engelset al.2007)a t*'"f 1+2 'at”—aeteA ‘', ‘— "ZZete "atte-f"—C&T

S"'e,—4& EfZ<e camfaes,—EPps’'"azT7eA %Gorburovaet al. 2007).

teA& " 7eA o' Zte—7
e feAe tot %oteeA...S <« T8 %teeA...S «ectfZa EF fEA "%
cf@Z7ceZ+ "Ffoe—<"eA eo—"co> <o—t"fU—EA..A o 4 6 1 t'...870f- ot

TY e e —eZf @& F D "ZZee34 oF,' etc< V'-3E@@Aec "ZZees T —" — "
“Z7a-3 "o EteA " —<Z23S72y..S "Zzets Ef 7 ,—O0e> "fZec —'8c.. ek
"e'Zt—7eA Tt —a@ " — V<. t& ...t ,"ZeA (PuteZak RO1X). < ZFf-eke"< ... <

Tet %oteeAS' '67't— Ee'— —* «f AHiedprhhefer ¢tAlt 2083)te’ E— EA ... A

727> W2 efe"fe A..S& ef,' erefZcef t—ec«eZA o—1"7 "H>—"78A " fZFe-
f—'e> %o—fo'oce' "y B2 7oK ™ . (WirchBer et al. 1992)4 aftf 3 %o tecA..S
efeA8 " f...A...S «cocttZa Efe' Eoe'— of A& "'o—Zcoox o' "f7Fes o' E—C



fe—<"f ..« oéCidmihe Ateal. 1985)4 «f,' T "< z—> .(Ruddef al<2995) jsou
“>— A~ 7e+> @Erheterapéutika (Parrishet al. 1974, Dasari & Tchounwou 2014)

foe,f ""'—f<e'"y...S ft—e-0
ef "V f—ete— o' f7fte_eAe— f..S>...teA ctE"G®3ExA..S
Zee'Sf 'aA«ced Ac f,e'7 < czateA t'...S70A ¢« t§...<—f..< ,ZA

Nf fece‘osetZco> ‘o' ZeA (Bhdridethk2004)a ‘e<ce—EA..A ®zatfeA '6+",-
"AACTA f = —T L Efe_TeALL S ef—cie— "y .8 "ftce278 4 o
ctecef .. A et ZeA .S e ZFte—7 "'t> 5T ZZfEA.A "< DNAA o—F"% o'
‘etZeAec '"‘_1iBarker et al. 2005)& oeece EF “Tete <ot—e'TZe <« Zte>
"fe'Tcoete— —EFeAd [lAACZfT "Zf-co'Tt TE"<TZ—> ot e T
S .87 ef—coted «Ae “>-"28A —e"a etiecesef-et.at2007). S$"z27°"
Kampth' —f ... <e'"% t3"<"Z2—> of " fo o—f «Z<coe—@EA o' " fZfe—e3 of 7fe
“efcefateAe of "'oeSehgyA (Pommier 2009)a etV T fey L s—tece'Ty fefZ'%
S-aza-t"t1'S>..o—ctcet oofef Z'— A Efe' <EF i@, «ZBA eS¢, -
metyltransferasu 14 «—1"7 of 3¢ @de—2"7 (Malovefalz28IBYa ,f ‘<Zft-A
"AAZft> 't —e—EA —®@"4 feceref-c<..o% 4 <oye o . Sfeceet
POIY(ADP-" ¢, ‘o> '*Z>et”fe 4 o—1"+ ®'0',—EA "ftZec —Beex of 72
et VELT—ET e—FfEe3 Efe(MUrAfdhk20MR)Af e, e — <ot—e'"Fes —foz
Aft' — ftoet ' %ofeeA...S “fe—'"64 aAeZftte 8 t ,y— f.ffEde=9A Sfce,

eAe—t..8 of," ef..8>...1eA Zsetnfes > 38 Fe UFTs Bt Tfey.. S
(Demott et al. 2002, Sczepansket al. 2014).

Z< et "tTTAEA ‘'t EfTE<...S e—"—e——">4 "FZco'e—¢ ¢ —eAe_3
“Z%ee3 "3eA SfZcofet T Zi—f- T —@™ —,"c..< & .. 127t "t
~ <t Z «@Nekanoet al. 2012). Pokud se DPC vyskytne na 0p® — E A ... Ae oF 7734 'Fe",
efe—f 1A 't 7 {NdKapeetal.2012). K“ya@ oeesAe3eye F fe_Fe fZF ot .. ¢
te—t ET V' —fce "7 «Ze-— *fexeA..S et'ale200D YeoRt alZ20%4).

JE..e3 o t2 AA.. <4 ¢ e By, —EA “eece s——f . A f ofEA %ote

EfZce' of"——EA "$'Zcof . <A —"feee < < < o3e—t"4 UVf"ex of S

3.2 B a4, 4/ e A

"fe— At e @icAs fraA fteye cefe—f teAe "t Zcof
s fT—of im0t ,—0O0> T>Tce—75 FPxmAeytiseitkeef Tt q(ZkR T A
DDR, zangl. DNA-fef %t fe''eef & fe—' ose—te of oe77%t7 @ o¢'Sf o
irzefey..S f o Z—""f..—E@A.A..S 1"fS4 e—t"+ "'tz fEA
"frZcofweA T<tZc«es [ eZeZtte3 eo”0et oc%oeZZeA ofeezt> 'Ateed Vi %o—



efE«eé—ECA..A " fT— et —'Z1"(fig.obr. Bfa + S‘Z I eeoprawdus A

cZte—7 T9.. 83@A e —«feed « oFf BedeFe _"fese' f %oted f "‘ce”
chromatinu v eAe—3 "‘ge' @BAF T34 T '‘eee'cefeA ofeA ""f te'd of " EF Ztc
0e'S'4 Eeo'— o —@—3e> oF  SfodE . ST — ,-AOe> T ofefe Fo T «¢ o'—a
"M %o fe'~ fex ,—ahirtis Poruchy velde—f"+ 0@ «fe—A ®’'de',—EA "yt —
e $ey .8 ,—e%e "Guc “fe—"0s 'z GicciaR Klledye ELMlackiérd

& Jackson 2017).

o— <~ f fe Toe.. T "% "<ZK .. A ,—e3«exS" [ >eZ -84 ' o —x-3
T . SE@A ..« ofe—""7ZeA .S ‘10 ,—2«UserBA. SSZELfSE o—1"t ¢f Eceé
Et ef " —etef f ACTfTRef 'V ezeZite'— "i'Z<of..< f "@T3ZFA
ete—"'ZeA .S ['T0 @B, —EZF 'efe—f"1eA ,—e3«exS' . >eZ—4 ..' 1272

et eAd of e fa«—@ET T F ' Zcof. i oF, ec—xetd ‘—«fee3d ‘t''73®
EF "Z< e3¢ Eheh "¢ ,—e3«exS" ... >eZ— «f (Blackiordl & Jacksonf ...Sz e A
2017, Hustedt & Durocher 2017).
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3.2.1 Oprava DPC

S_gecof ot..Sfecoed

T«fo—eA..A o “"f"> "‘me'mefex E+t E«
e ttTFefA o< —te— fZ% e—37% eoteA 'AAZca ceeZet t UUFTS A el
e——t<A —efe—EA4 t Ef ~

S—cef TEe s &LYLOEt |, —WITESf THel—

ee——F«ete— ofeA ece—_f"fe TAFeTfW A "@SZttTie o
,— @&+ oefe—f"teAd *AA'ft3 *Zf'e "t'Zcof«sAS"

efe—f teAe —oVuYSIeZET—EA..LA..S of ' «—"Z7..S Ee'— ¢S"e——> o™
®ezey...S «ismedhfoprav DPC.

(Vaz et al. 2016)a f-"
TAA oot ®’'0e’

e—3"feA o " fZte—eA ~f-@NA fosfddiegterasami
Tyrosil DNA-fosfodiesterasy 1 a 2 (TDP1, TDP2JEs‘— o't .. <fZ<@ " feoz
feoe>er>d e—f"+ ‘Te—"fO—EA <"f f"e¢, <23 f..S>...fet
konci Efte‘"ZZm@ 'Zlamu DNA f
cte L ALLS T —"Zezeo'"

f —>"ecete ~

11_.3<(.i

_"‘(o‘oi"fo)

—Ticetef " fes it t ef..S>..fex of w2
y..5 ©Z'«8 4 f - e A S>t7Zym> o flie—0]
fe—< oA .. ToPOmmittetdlAL4) 4

s « t “Teete oftE—
¢..SVes tefO'f- .FZ% s f ta f """ EF V' -Fce'TZ «Ze— o
ubiquitinovou signalizaci ' " —1'Z>—«<...*> « framtedstmém (Linet al. 2008, Interthal
& Champoux 2011)a ‘te—"fe3eA t et LA t ebe—fo'— of T~ —"ZZ7ee"
®Z'e>d o—1"2 Ee'— T2Z% " f %> 't -Herrerosekal 2013).-Nampak

S fef...SZ27z ' ‘Te-"fe3eA S "'—cef Eite'"Zzes'"t Z'e>4 'Ac«ie
Eeo'— et @E&'""f —""f fes Zse—eZf —<t ecofe'— uUse 'S'e’Sf_fe'— f teZ
(ADP-ribosa) polymerasou 1, proteinem XRCC1 a DNA ligasouEs-Khamisy 2011).

ycoeie— SEf "t% —Z'"Zef ese’ei"faflf«eAeS ' tcef A& f’A;
sumoylace Lysinu 111 a poly(ADP)ribosilace G-'« ... S <+t —e¢—HDBPT ado —-

cAe—f ""@me'efeAd otf tzZt 't —Et “fee,— (HidkewAetd. '"f7ey...S “f

2012, Das et al 2014.

estem U EE TEIR e it e CHedf Yo
*<%oe7Zte eboedvou ubikvitin-~faet, ' — t‘({Raeetal.2016).
L eZEfeTE FTF et A ete Z2iE—
fZeeAe ef .. . Sfeceste 7 f"

”—-3«')'/...3 '—'Zif'a ‘o' Z71%3
,—0¢7..8

Ef ‘te-"fe3A of"—tey..§ ', Zf—4
RADSO-EBSL @MRN), v~ feces "y .. S
-"tatey TELTe -RJdEOp- TeftSs’ a oefEceeé—EFt "f7—
ity S ft—e—8 o " fZte—93 &f..S>

T ""fNOy ‘i...gf’(°'—°é

Ltey..S of e A.S t" —"7%
V,,f'—i"<22°A...§é '~f.(oo‘~

"AA,—@et fZ-%1"ef-<">4

V..S « Zcteoy..S | —0e7...S4 'ac«te
o3o_¢”i ”TCEiTo‘_n,_Aif”_( iom)of_(

"raa EiSe

" Tedt ...
.*y...S 4 —"'atey..S ""i—tce> <
SPO11 (Connellyet al. 2003, Nealeet al. 2005, Leeet al. 2012, Hoaet al. 2016 & yeZtTe>
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studie (de Graafet al. 2009) ece* Ecex ofceef«—EAE 1t oo’ 738 te-
ctferefoc.. ot &
em T f Et "t%—7 "3ef of 30 Zcof (" "eA.SA AA_‘eets
S 'tTEfte =o' — S "te3.. —EF fet'e—eZtie' "' — Pest " (ZA®e'ISA -
g3 A ETRivtoe . 7e71te3 1T'.. 870A o ‘Te—"fe3eA "‘me'etet «o.
ot —«feete— @_3"FeA o'e’Ztete_7"eBeshpdrideef al. 2016). Aktivita

o'’ Zt8— EF tZZ% e—<o—Z'T"Zef "Vi—tcote - T e feceez..S f
interaguje s proteiny BRCA1 a CDK (Sartoet al. 2007, Hartsuiker et al. 2009). Po
‘T._nf.3.A E.L_ ~Zz..f Tzz:t ””fN:t.f 1n.n.“A .:t”ﬂ

rekombinace.

UFTF et dkleotidov £33 .. coeeA TR fUf L

B f ®z”"t0 *..S"fe> 'att '0e',teAe e3¢—_1F"y ... S <
«eocttZad i@Eetef 'fo "tTfe—<"eA..S [LItBIT&E Tt fiobhfIif”
(NER)A s—1f"7 —e+* O—EZT “'"f 1A se”@t -7, — @EEsRZZee'"Y...S
(Nakano et al. 2007, 2009) & «<%o*2Zfe '"' ">— «—A —x-* t72S> €&t ""f 3%
©778e— "fZexS' et «_"A 4 @1« 78acENAromyces cerevisige NER
102t «<—2 'a< " f"3 "RBeYAYteS F7Z—exSt 'O oA Tretey S efe
formaldehydu (de Graatfet al. 2009, Stingeleet al. 2014).

Z yeZtted e——1T<A EF —fet 'f-"extd T EI —fe—* """fTey o>e_4
«...S ke fte_Tfec— '—@F ofZt Vi—fce'Tt flT—e—> ' efEcezZeA ":
v aA'ft3 ,feMinkoA& 2002, Nakanoet al. 2007), t* sr o« f — “>a@a&A..S "% fecs

(Reardon & Sancar 2006Nakanoet al. 2009).

l«fom S e'7 %ooA "Hote cof . ¥
(ot ot ete_ A4 Efe of ,—Oef t'ez i .8"7ec— 'att 'Ge', feAs

<ot—e—EA..A..S a &t a -"Z—f %ted "' ST Z2777 — =
K"ffoe—< oAe fZ11S>1t6ea Zoe'"eye 'AAeZftte <O récA p—recBtZi.. T %
V,fe—F3"<E..®li 0’ de',—EA..A @ yateA .. «—Zc'e—c —e3e of -
formaldehydu a azacytidinu (Nakanoet al. 2007)4 -1 @Eey $ fe— ,>Z '‘@‘'"'"Zs < 'ac
genuRAD52— , —S3eerevisiag¢Stingeleet al. 2014).

Zt'of"fteA..S "yeZited e——1t<A ">'ZA"z& % "fe—f"—-—E1
ZL'e T fex & [ efEceé—ET "fT— 1T '—"Z%2e¢'"y..S ®Z'sd “cC
fo—e—Zf..1% «e TS et LA Idestt AL POEDA l«fe—
violeranciDP &1 '*t'*afef "ye+Zi(MNeakanoetdl.2D09)a T+ ®—"2—f %oted "
“ITZf — of T«A fS—se—sFef s T —"Z70¢'"y...S Z'D a "t —tZife..

EF «f"A... oFoe,>—7 ~-Meell (Hoaet alZ206):
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fEAef "t Ee'— 'feo “yeZitle>Gragfeteak 2009 '‘—efe—EA..A of
e tAZet— "7« f "ac "fT3 A f "tetAZ ‘'t %eted ' “ttZf t
MRE11, RAD50, RAD52 +~ feces'"y..S ,—0¢7..S % @ yaeieA .. «—Zc'e—c of
"B, teA cAody S e fZTES>t—4a yeZiter o——1<A t22t —efee—EAA
«cooto— ecoe—f"fe ‘etoetef “tZcote—A 'Vi—Fco'"x «ZBcoOlibflyZefer of 8
LCETeesE®A “YySTftes oe’Uf..tT27Ze> el A a4 eatE.* -—tt>
—e<"f"e77e3E & A thlerdhfe DPG{Nakanet al. 2007, 2009).

"2Sf fe..te<S' fexect

l«fom fo..toc fotocf 17255 "Ac T frs Ef T et "oeT "7
%ot 0 17285 "3ttt of @ yafeA . «—Z<le—c —e3e of 'Fe' FeA <o -
"ffe—<"eA...S f(GdrdySoecheaet al. 2012) 4 teoe>e' "y .. S «EL &ézants
t18>...5—<tce— oo f ..-BethyltraiEfdrasAl (Orta et al. 2013) «< <eS<, «—'"8
(Murai etal. 2012) 4 «<...e+e34 'Ac s——TFc— ""f~ "Zfesctd o Tz t3ey .S Tt 7
extraktech X. laevisbylo dosZcez+'4 1 ‘T +FANGE2RA E11SZfG A .. S o'e ‘efe—
T72SsHe3Z of VfT— v R$FAES ..M o Z(Dugin'elall2014)a f~A..4
,—Oe> o7t fEA..A t et sefoe TfZ> V=< ,—DPC7anica~ya fet oo o-
cc..§ et T7f BfOeefeteref fiBesef TeceZYIOSZTte— Ge',feA
formaldehydu (Stingeleet al. 2016)4 12z % —fea f iZ'Sf t72S> Tac U fT3 ot —

At o VfT S7¥k@%y...S "'eAA feA TH>7'Zfey...S "ffe—<TeAec «coctZ

samotnou opravou DPC.

3.2.2 Roleproteo Z>—«<...sy...S fem>+6 'ac 'V f"3

K*..S"feeye ef . . Sfeceede cef Ecaré—EA...Ae <o—F%"<—— [ o—f «Zc—-
ctt2et L E1 1eZ4 [Ta@fe ot R e POZE. B A Y fio—' —e<"f"@IZeA
P ETey et SfecesieefET %0 — “r@@A..S « o« @A..S t—ef"> -4 [ af>
toe 7+ — , f(Stingeteket al. 2014, Vazet al. 2016).

eTETEEZeter T_tfe TAac T3 U «ATZ T ETE .. S cAceet oo
cof77 —et O—E} @-3"FeAA FTTIT 03 EfesetZT mfeetTE 020 o
~Z7++%..SStingeleet al. 2014, 2016).

Mot Zs—c. 07 UUfTf EE <ot—etTief oefe—f feAPOCE Tkef«AS f'f

TAA—teete—¢ & o—F"+ ,Z'e— @&t 'te——" SFZcefs of it — . As "Z7ee3
‘®@—EA...Ae of "Z77ee3 A C@=3FeA "i—fcetTE o7 e VUV fTet— it foe
cf"2e3fZy ' —<t'7y @,>—fed 1"y Ec¢ of,"ZeA 'te——'— StZcefea
Keeoteo— 750tV fed T13ZFeA «ceoto—c StZcefe ‘T "'Zsef"fe @'det,—C
Efte"Zzee' "% a EF 727 —,<eTc—<of . f e—eZf.c "i—fce—
Ve feceoz.. . Sa Fe—t "i-fced <of—e—ELT ofS"faieA ,Z'e'"fey...S
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o — Yo téfAeZtee A 750k " ferd o—1"% e fu—EA T ese—tcet < "afe
Fr—<t"y oe,o—te 8 f ,y— ‘Te—"fe3e ¢ et A “yeet —"fttey...S Uf"
NER, Tdplp a Tdp2p (Hoeget al. 2002, Duxinet al. 2014, Stingeleet al. 2014).

le— 1t 57> <tie—<TcetTZer T73 i ffes @fEceEé—EA.LA -1
— e feceet "7 ot f7 'WssIPfOf fe%Z& Ffe — ' te'” " e—_u f EFEA -
Spartan s of," —fez a4 e rT-kké& dainaih-containing protein Spartan).

Wf —>=" " —tces o fTFEA T ecoecWHoZ—...coco'TE Ttee_"cos @coes Ty S
et @ef«—EA "AA—‘ee e A et T T fexEt e _~aA..A f-
(Stingele et al. 2014, 2016 Vazet al. 2016, Yanget al. 2017)a ftZt oi—<"— ofEA
ees < et — %o fecef..c Vi—FcetTy .S tlexe f otAZIEA
vlastnosti (Balakirev et al. 2015)4 eceZ—eA .. Sf"fe—F"co—c...oy '""te 3 S_*
7 «eZ'e— EFE<...S ""—F'Zs—<...et foe—<cTc—> of ’ABNA(Stingele'"‘e—atte
et al. 2014, 2016, Lopez-Mosquedaet al. 2016) & s—<"<—f ses f Et tzZ2% o—co—7
“foe, — —, <o c—co— of ¢ "Mi_tceB ee”@t <o—f"foexeA tTrexerd o—1”
C-konci proteinu (Centoreet al. 2012, Stingele et al. 2014) f <e—1"feo ... A o feo'—

Cdc48/p97/VCP (z angl. Cell Division Cycle) (Ghoseai al. 2012, Stingeleet al. 2014).

Wsslp v Saccharomyces cerevisiae

~ f ecee'~ 7etalo(endo)peptidasa Wsslp je’ " "o A ‘L EF "t — Tefriofoi A A
ef VfT> iaeetcefet a4 ZA« T — e—— 1A ptEfIEAEA.. . A—3iL<A
LS fTfe—tTco—ces 57 Tyaee—atfUcTgzBaeghatomyces cerevisiad, e f ;@ — EA ... A
T«wfom —k—" "7 _ffes TAc VVfT3 o f7Fe_p3ie Pl SheALi¥efdat£S>
(Stingeleet al. 2014).

Wssl Ef tx{ fece'esetZce TZ'—Sy ""'—fce oxt ' "foy of . S"'e'e’e
et «Ze—A tee—'cos e Zfco%hortafZZ " —ffet cecoe"y..S of_f2Z"
JZfer Tk it T "fces of Trees——EA — e feceted S—  f "e—Zco
. [ *— t(Lashminarayanet al. 2004, Balakirev et al. 2015).

Struktura proteinu Wssl se e¢te—Z2"N-oCe...' "2 ""'—Ffe' "+ TWANe>
‘Lo fS—EA.A fe—xTARerApaieos e T ALY RI1IGHI19 o' —«Zoe— ofe™Fe . f
HEXXH) a H125, ktet: »'*ZF«e3 "2 ‘— <Vzobredl 42 & f[—fZ>—<..ox oAe—* «§ 1
Y= <ofe—c "t "7e" ofS"forteAs o1% f—<"o3 of «—ghlamirs(Skngelfetst ——"7 7,
al. 2014). f-' e——f ..t '8, —Et eede— 77 S 7+S FA"@E fe—<s,
*T% f—<"eAS' of TAR«FTeARACA TZ<Te3ef [ FZe'"7 s{Yangetal'f ees’
2017) (viz obr. 5). F e—"—e——Aaf ses’ Ee'— TZZ1 'AA-‘ees> o'—7> 0
Co—t f—cte o= f 4 @F Ee'— o 'ZF«e3 oproteiiém <Qdcd8f <e—1"f .
(Stapf et al. 2011, Stingele et al. 2014) (viz obr. 4-3)a foe< «‘—<™> f ot tz7%
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—,e—"7—fe o5’ Ee'— ""'—fco'"t «Ze—< Foeer>ef—<.DPE...S <« ottt
"Ac«te  fe—<T<—f ees’ cedm@eRa strulurdu e —,e—"7——&m ey e
experimenty, 'a< e—1"y .. Sin,vifo '‘TeAsez..S s —3'1e>historg’ &1 i 3-
hydroxy-3-methylglutaryl-koenzym A reduktasa (Stingeleet al. 2014).

"ttt Zs—<.. 07 fe—<"<—f ses’ EF "ftU%o—Z'"Zef e3e'ighjf ot..Sfec
E T EA e Aintefdkci sDNA. Ve studii (Stingelet al. 2014) E+ '"‘ezoezs @&-3"1+A
te—"fey.. 8 einyitre"F-TActIeA A @t@Eetef Efte"ZZee"tAa 'Ac«ts
D7 et imtces of o S e e AfZffax st ff o ERE L e fe—EA <
@®-3"1+A t(Balakitev et al. 2015) &4 os—1"y <o—f"fUsAE P o7z oftce e —EHL

e 8 A “Fef— oF of A -pAKEKEZUSE .4 TIAETZ>—c.. D flo—<—f

LY— ofeAe—" fe—<i thibkp T < <e—EA... Aethirament Z oiitanem p-

focoe " FerZ"——BofiypAitted f——'8c —e—@—EAA F —FtE+3 Ef:
metalopro—t fe> EF oses "$%o—Z "Zef oF ... Sfecoete L re—FcoT£S' o’Asf<
eAe—t oS¢ TZ7e' e %of—< eBetmf (T «Z7e—A ees’ ete'— A oS¢ <«eA
(tXA o—1"fe.. % oZfted of <t Tloter o e3e7tte3 @B, —CE
e3e> —eefTO—EA..A ">—3ee3eA it 'fod”«AS ' TéRe_@EEE "AA—"eos
"Z18<,«ZeA L Zfe—< cf tlete'— "7 fEA..A a @+ ,> «'SZf —«

et e —7eA it ete—A ploabylysinem, s—+"y €%t "$% —Z Tike T,y

mechanismem (Yanget al. 2017). Ae—<~f ... % e‘e " "ef«eA @e3e'— ' “fe,3 ET
— +f"«AS" azbatnajedndZzee "DNA e —@—A 1’Ze'— fo—<"f ... foeoere-
— ' O—EF @®-3"feA ""—fce'"£S o o784 f'U'—¢ —te— “fee,f

“>~*72277 @& —3'1eMn-trans (Stingeleet al. 2016).

ses’ ET "F%—Z'"7e a—3'feAsinevdityd exgerim@éntech bylo
ettt Tz —3"fteA eimdrans ' A<t ZeA Eifte TZZee'"x <« tT TZZee' "%
Z yeZtted 18 f"cefe—8 EF -+ 'f-"exad T EI "> fT'"Zep, ‘ Ece
'+ S, — (E Akold 161bp (Stingeleet al. 2014, Balakirev et al. 2015). Vzhledem k-3¢ —*
e —_—fwete—Fe of _—feo 'atiDNAZAKtVHe pioteolytickou aktivitu Wsslp a
o' —«fee3 oZ'— A (Efer oteccd o—1"y ®fEc@E—ET —3eex '4c¢,ZA feA
(Stingeleet al. 2014, Balakirev et al. 2015).

ees of @®—3'A of "A.Clobldstipioteifu:"s efoe< T'exefecVIM, f

(2) v oblasti SHP, (3) za G-‘+... T '+ o(Stingele et al. 2014, Balakirev et al.

2015, Yangetal.2017)a 7z «f 'att''eZztf-4 f «31® "% t'..SZeA ot -3

0 F efEc®eé "f- @ yateA V'—f'Z>—<.. ex-kofice-<Sregulf kbR fe3eAe

Lre—Fcefed “tfZeeAe ®—3"feA U 'fe 0e—72"7 ''—oef e'e’fe—eA

e—1"Z of e o}7Z F of .SV ef—ced Fe—' e"'e ¢ f oZ'— <— o ‘. S"fe3
A oF, o —e‘ecfeA «cooto— ees’ 't ‘te_"fe3ep a
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e (= f ees’ @UIUBEIIIef <o—etifeyALS tiere s f s

e feceetTye "i_fcefe e—UA  Fe—' ""—fce of T«foe—sA o<%oofZcaf.. .t "
f "T%—Zf..%F “"f ey...S ehe-SfsSeeBa Al sk Ze> Eo'—
ef ..S>. Fex ""—Fce>fMacet AA000)staki ‘' f ek oo’ Zf8> fe—e—7Z—EA..A oFf

veAe—1...S ‘PN fRsakhye and Jentsch 201Balakirev et al. 2015)&4  yeZtte>
""TeA LS e——1tT<A ofeef«'"fZra t “fee,f EF stoe,>—72 " e T fe—

fo—<"<—— of at-3&'~Acs@ullenetal, 2010 & ——* fe—<"<—— H"f. A “yeZFte
Yoo —e—<2%FZES f ¢ Z1% 04 e—f"% o' —«feed —ef—iBmla I “fee,f

fo—<"<—— eos’ Ac ‘te—"fO'"2eA ‘’s’4 fZ%1 eteA(Stihgelleted...tZf etfce,>—
2014). ——'a< t'@3csh—a f “fee,f Mi_fced ee”et tleter s f
DBt efee3" T3eA Tt Zs—c. et fe—ccm> ees’ t' eAe— 'igmeicete
“Yopefe —3e_‘ tietere+ '(Baldkitdvetal.2015), f —° f 'AA—‘eee_ frete Ef
et 07 M Fe " fOITIOA e 2 T fey & I Theed foofoldm' 7T 'fe
ATt eZ3124 t tieter cofNBasEOU-akKEVRU - ceS’ TF T e 7 " fex
i _fcerd sf«t " tZ— —(E%L e—e'>Z "fet At-3ce..t [ eZtcet eo—sb
'A<t — fet ,—e3«opd ' "Aetcet—e—ELT “fee,— tfZeA..S ees’ f ‘e—f-eA,
komponent, auto-f e—<~ f ... < f @& —3' 1 {Balakireyeet 4k 2015).

fZoeAe " tcoted of o320 045 F"[%—EF EL 1% "% fof T..v

i—fce— EF eeZze'd F o'Zi«e® of <7 yibikvitin©if SUMO prdteiny a
efEadd—LEO "Z2eA ®eLetEYeY...S o o' 218G ep—ce—a « EFTE<...S ezeZtte
"i—ffetezZeA tifRdmadanet al. 2017)4 e—1"fe..f o T..vz eproA cef’‘-aif,A
proteolytickou aktivitu Wsslp in vitro (Stingele et al. 2014, Balakirev et al. 2015)a f e f

“fee.f o t..vz' eeteei  f  flexer EF T f1Tzef U tte"fO'7ZeA
®f..S>..tey...S 's’ — ¢7fecete ' TDRIStI@AectAl. 2014 Bakakirev

etal. 2015)a 'A< ‘te—"fO " Z<A <ot —e " fey..S "Be FeAe " UefZ1T1S>tT—
«Z1t% "t 'atteZ2tfEA S>pertEetad fbe,tu.vz T —fceB of 0287 ..AZ%fe

ces’ ' e—e's 7 T fey .S e oo — svofi segregasovou aktivitou

ETESTt .3 efEc@E—ET < ‘Te—"fe3eA 't (1748 oo,5—e—4& +—1"y "o
Wsslp,z f E1S8 'AfetefsA T° "—ffEBies sfs2eet '(Stingdidett

al. 2014)a ——* S>'—t@— 't "—EA ~(Bekkievset's.R015) s kde bylo

"iercezetd t ses’ —"‘aACdodSbhieho kofakt’te ‘fs'a E1 "Z f —,ceTc—co
(Mullally et al.2006) f i« fe—sA o t3% " fTf.. T —, <o c—co' " foyWuSets —,e—"72—0 s’
al. 2016) < "t %o—Zf ..t —"fes " o— — <o c—co'"foy(RENEUA-2008F T “fe—'Z>
Tyto <o ' "ef .t o ZHq@Et Eed f 'Oe,teA %ote'—Fc.ey..8 «coctiZ <o
akumulaci Wsslp “f “fe—'Zta ofe"3t«—(EZFa T ete’Z1t3 ees t..vz
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' e—Atte 277 tI%e"fTf..c s—eH>Z' " fey..S e— e_"7-08 '"‘e_atte
transportu do vakuoly (Balakirevet al. 2015).

"t fe'"7 fe—<"«—f ees’ EF cef ¢ "e727+AQ.ST ZfAtE~A [
fe—<"""Zef [ A< 'O ', tTeA %ote—'Sc.. +fprm&dehdu; ‘Kdndptotheciau

ot oe 7 &4 tie A <2tAl. 2004, Stingele et al. 2014, Balakirev et al. 2015). , < » ost

Wsslp pak o‘—"ceAe—sf —eAec “""fTeyec oF  Sfecesr | —e3«eDPCI' "3t of
‘of"fTeA TyeZiter o——T<A ofeef@f@EAE 2t , —OE. F—L""f Fe> et A
a 4 o—F"x efe'S— y— et A U fTfes CAT-"TZIFAEAL o f

,—e3«exSt 567 —4 of> Ee'— UfTfes "_FZ>—c.eye @-3"FTeAe V-

"AAfT3 ELTEA of —eee(Btingeleetal.2814). fet...Sfey 'F'—<t"y @,>—1t-
Pt teA eest EF eZeZFtes tte-tfiRfTTEUIACIE, of et fe—EY
vreplikacip‘e ... A —"feeZtee A . S s fA™ — . (Singeleetal. 2014).
y + Z t f(Mullen et al. 2010, Balakirev et al. 2015) n

feeef«—EAE + TfZ@AN-AZZ2efod V™2 "ot A oo’ Ee'—
W AZfer —Z«hocfeoe ” ~ > —kohipfeE Bdc4B/Ufd1/Npl4 Kk e fee3” "7 A
"Mt _tced —” « degradici«do proteasomu.

Ddilp v Saccharomyces cerevisiae

fZa@A " mffe'—a o—F"7 of VFTEI T 03 TAA T« femeA ey
teee'efet & @t fe'f"—2-""2 ""'—tfef tgeindacifle psatein 1), tf-f
e—t"7 HSZf "7+ LS f e wces 7Sachhdromyces cerevisia® f o' %ofed ELS'
—"feee” < f EF fHEIZERFT "B, T A %ofe' — Fkiu.andXiao 19979 —
"—Z'%o> e fecest xS "i_tco— thamstloed SEZAk,te',(ZZYfS
ST Z—«e3 @f..S'f e 4KnyloU-& Keoriri 2001).

— e f o fecee' "+ S t(BN-esf eI sTH "7 & foe%oZdike) < —c—co
aC-e'e. . 7% e fe% Z&dsspciated —téexterd o—F"+ Ee'— ‘3 . Sf fe—1F":

fHf =774 "7 —fce> 20ttt felad™£S" ere_te 4 ofoec o—f"% 'f

i_fces  fttu f eetA AFT 'eZZztfez "—ee..t TcestégulgcdEt@’c foest’
et eeZTZeA e— "7 —— Vit feleted [ —' T ie—tEs0 el A 0y
UBA T etes f E1E<...S of "t1TieA t' '"'—ffe'e— o moieaSpromyou Tilote
podjednotkou Rpnl (Chen & Madura 2002Saekiet al. 2002, Gomezet al. 2011). f "‘ce tAZ
‘t 'aAeZ—ae+y..S t'epwa Dsk2pfdiu- o'e.. ‘"7 T eDdflp o< ®&A

efeTtewe A Tt etancte—c—cofe f etce—F"f% —ET kvitih-anis UBef EA... A
tretefoca fZ1 of ' fe eybiqliting(Nbwicka et al. 2015, Trempe et al. 2016).

Ddilp t2Z2%t ‘,efS—@&3F fe'f'—2—""'— ""'—ffe' " '— tlote— ®
Pricffetd ‘,of S-SEHNaA"co—c. ..oy osexiiftifreofin—%oZ>...co8 —"—e——"f —:
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Troetes <« 'AAeZ—aey o —«VysOkoy podeoliEdst Sfe' f"—2z—""yeoc " —Ffefec
""" (Sibkis et al. 2006).

Mezi N-koncovou f trete'— of of .. Sfz'eeth f(z angl. Helical
‘efce 0 fes SfBliXxy. S—"—e——"f —4_* fieter EF «Hodifousd ‘T, 0% o
Stil- 't , ey .. 8 tleted o—1"+ cof E%@bc'EA < {Tempeskt al. 2016).
>— Trexes Eo'— 'AA—'eep a DskpfRad23p se skrzbti-" T, o' — T ote—
"3t of “foet,y '"—fcs f1va s—1"y (MEnt& -Pavietich-2007).
ATt eZ312 otd f —f—" <o—t"fe..t OpfEieE Y oI U THTS .. A
(Ng et al. 2003) & oot of '"‘e—Aftec...—“Ad‘ss+ flege> "7 f ""'—Fce -—..8

"t ey ... S [’ 1iMsp70 (Kayeet al. 2000) 4 <...e++34 Etae -3 "y 'foee3EaA T, ete—
Trotes tes »Zf T2Z2% '7'ez0gef, oyec Tioteofoc o317y . S —"foeee” oA .
"t % —Z27—""8A f —' —"feee" «oAS fe—<"i_'"— ctlpes g " Z% f 14
ZcteoxSt sa ..' sfesf«—Eta f ,» tTretof ofTReinpeet—1"f% ‘"~ f— o
al. 2016). [ ezeZf13 -»3.2Ssch-pedobnostA tretes f “@SZitie
K''aeef—eBeda T of tcs’ "*TAZA of ,—e3«ex T73Ftc¢ "ac¢ "‘se'eisA
ete_"'ZeA .S ‘tt..S ,—«Zhu&Xiaa.199gClarkeet al. 2001) f ——‘A< «ZZes—

Attt ieZZtfE®AA > oF tes «'SZf Tzoef- ce"0et tlote— T° cAe—f "'a
"% —Zf ... FT "> fYs—<ERI"sF ' Z of (Frempéetals2016).

Exprese genuDDILlje pod ‘e —""'Z'— ‘' ‘—ee37ex S’ "Vie " _§ o1y o' —foor
AATA t8%feSuZfttece %oZ>e erZfe> t%es' A& Ede 'Ge' A T TTeAe o7t
excize A U F7s L FeA f .8"3eA e fecee ™t Oes "ATT %ote = Ec..oye 'Ge, te

«coct(tid and Xiao 1997). §'"tef —3.S—* t7'— %oted EI ‘“@ie ‘TZcamed "I%
"Goeeyec T fSfec ste—" 7oA . § 1 gZhta@nd Kab-18982001).

ac¢ e——1tc— o7 feces "y mufovgrewr Variantou Pdslp pbsl-129 bylo
‘CELT Ferd f efte3ve7 fPATe:I@EeSs EPd fIAfi«c—ET @yamte— <=7
o——Tfey...S ,—e3e of Tretetr _F'7' > f %ofe'—'Sc..o% (Olarkelet A S>t" E>et«t”
al. 2001). Protein Pdslpje so—«Ze—A o‘e—"'7 e AF' gttt —o3«exS' . >e7Z—4 ottt ~—%o-

Efe' oS, «=""a EFS' —, <o"<—<of . F f ezeZttez "Vi—tfe'ezZeA T1%"f1
'at...St ,—Gef et Tt fl€fHeneBixet al. 1996)4a f w@ZeZf13 Aeefey..S
“yeZtted f—-—'Ac¢ 'AFteZitfEA Sy 'iPRi-& '+ ER«Z¥N .S
ef ... SfecesFioet ,—e3«exS' [ >eZ—4 ot> "'e''@®ez"Z ee"®@i o'—
— < k=< Tfey  Fes’ f eS¢, —ET EIS' tfZeA —, <eTc—cof.c [ o7
degradaci.

B¢ ,—e3«et ‘1’ 73tc of ‘me'oeicA t¢s' t22f efEceé—ET
degradaci Ho endonukleasy a F-box proteinu Ufol (Kapluat al. 2005, Ivantsiv et al.
2006). Protein Ho EF oe‘t' " odfyae—3"FsA "ZZefe 'A< MABiSkusE 7 T
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—P«—EA . A I TF LA —> T fecopelo ende—feZdffof. e EZ TZefA L.

7 A Efe %27 " ETEA —>.. 87t —protdifoE 1 foi At ted "> 7
i§a;n_n~2<E(vBTnf Tl ...)—‘.’ﬁi:f.@é.CE 1,1L._éiT.(..._~A. n:t“.:t;_tnn~igx N
"zt — <2 Tc—ce Z<%ofe'Ty o'eprotgraubikvitingje (Kaplun et al. 2003).

Velmi e f EAef "+ Eeo'— ~ye7ZKbtemagroet ak2018), kdy u Zcteey ... S ,—e3e
a3t fEDDILADDE Zcteet S0 T %> o fecoe "8 tes' A e—1"t 7>
“re—fTte> '0e', 1A a »72' et Ze' S7"'e fRTR2MNAfPerf=tey...S
"frZcofwwALZS«e7 ... 88 —e—Zf ..t 1" jedo "ZAze2 fDNA, aktivaci
t"fS e<%oefZcoe—EA..A...S ""@e'mi-A L fyeZdEtefr, ZfePe f.gx SE A

s f t eZ'— A Efe' oZA«'"t "t F' -4 o—1"2 "'e'®eZTfEA &
EFS: " —ffeezZeA TE%"fTf...<

TtZf "o’ eeZz"ZeA o — o7 G- ffatellxAt et oZ'— A o fece

Ddilpi Efe' eft%f—<"sA "f1% —27-'" (Gabtigly étal. 2DO8White et al.
2011). Ddilp interaguje s v-SNARE proteiny Sncl a Snc2 (Lustgarten & Gerst 19989)
t-SNARE proteinem Ssolp (Gabrielet al. 2008). Vazbou Ssolp skrze oblast mezi

Tletefec f ,"ZeA tc¢s' «o—1"fe« -SNARE preteinem Sec9p (Gabriely
et al. 2008). f —fe TF T3t etAd T et%ef—< oA "t%h —7f«sA "—ee. .1t
"> foe T ZeA i _tceB f 2% A ETE<..S “RIEfeet <ot fe.. <d

o's’ Zf tzZt ‘,EI"fef (Gabliewtetfal. 2008)4a +—1t"72 Ef oeszef Ef-
Tt 7 =<0y s<Y%oe27 — "> (BK x A T IREchéNiner& Rogers 1996).

Ttz e7 o—{Kdmdetal.2018) ‘t1SfZ—Eta 1t ot Tckomplex@m«s3 o
Cdc48Npld- “ts "*tAZA of efZfe—<"eAe fo—1""%"2teAe —afy8&'"—— of”
(Cpslp) t* e—Z—<"fece—77"eA...S —3ZAete [ ' o feceejého “fo—'27>
proteolytick +aktivaced ’'es’ €3 “fe—'ZZ7"¢A tecere 13V ce'Tfey 'Ac sftie—f
et> cefEce8—ETF “>— <—A e3e—1"y .S "' —<t06 Efe' EftcexS' t”*C

fece'osefZce "t o>e—1 00 Spormahr eBal. 1991). Cpslp E$ e>s—F—<ce‘ "2 Efe"
SRR —emey V2T T Ty e g en ALY KB T - 2o o> e —?
fomcoA "toel—e—e'— ""e_ 4 'Ac«ip [elm<dEA P A [ eZeZ[1t3

“YeZtted & f'cete—0 f——'Ac¢ 'ATT e ZZTfEAA ftedtetesnfz F o7
ubikviti e~ fe+ ‘Z<%o‘et”> o5’ of ..S70FEA..A ot of ofe "7e3 o7 ("
Tes’ ezeZtted ee”@t o7 — T etdes' "y &' o’ Cdcd8Npl4-Ufdl, ktery
EfE«@E—ET "' —@&—-32A ‘Z<KHo'e1"8 o8’ of Eite'—=Z<"t o'etet"s4
e7eZttet "AfeteteA T <o feka o d¥ F+ AfkaSdEtal. 2018).

«Q‘Z(~ -z o~f0(oo‘~y T(S’ T‘uio_ ,,i_”‘h’(,"‘T@]O-g ”“_:t,
i Zs—c.0F fe—<T<—f Zf tUte—1t '"tezceZef '*—cet of’AAe'A f—f
je nezbytey ¢ ¢ —Zf«feApdsti2B. ok foe—EA.. A ' (Gabrie§ et ab2008)
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CZIEtesy "e—fS W, fedamt ‘1 73tc of T‘ame‘ceteA

e—t"fe  IWBSHABDIL ,>Zf """+ ‘tSfZFef 'ac e fe%da »>+—St
"fs fefZyoet etZit-72ZeAf Sy fS.. A{CQOstANZARL al. 2016), kdy
o' —«feez THZEt. f ', — —3..S—" %eTfOceRiBos s "F LS t— " — S 7
YU foeex oA FTeA (“'—fe. . Se'e_c 4 3Sfe "yome—e— —x—' oF%of—<"s,

Zf, "f-‘ac @e'Z«—tZe> 7' ',EF Fe'a 1 WSSIaDDI1-Ef eak' o7 —>
"Ac¢ "B, feA S>t7 8§ (8VOkedaet al. 2019, v ... oA DALe Rephir)

f-' eZ'—«fecef E1f dhillitof & f="isHibonukleotidreduktas >4 *ZA«'"+S"
fecere— of—fZr—EA.LA CAfeSe— " te—eZF 10 of TE'E 7,
S>t" 8o« Tcorfe 0f AA«O—EF oFtie—f-fe T 4 cOBF«— fTHeA Tr.
>e—+ > et'al. 2004). ‘—« foee3 "AA—‘eete_ o2 ' fes - IE A TR %
tvorbu ROS a NOS (Sakamp al. 2001). yeZitte> “yoee—e— Zf,'"f—'at @' Zc<—FZe>
iefe—EAA t e Tfe'— 'At..<—2< 37— of  Zoet of..8"7ece
jeho funkce je v—‘eo—* "AA'fT3 @Z7<eZ7 of of—fZ>—c<...oke fo'f"—7—-— ttr
v Tleted f "AA—‘eete_¢ {Svabodaet al. 2019). ‘e f " fteA “ei', f.. %
znalosti o WSSIWss1p aDDI1/Ddilp, Ef E«<...S ‘02" " fex %o fedpodabnoske—F"fo... 1
" % fecoef..vedowkS> —t@FfAd t of T<S'A e—1@Eed Efer o Tfeces Y o
POdAZA of ,—e3«ex ‘1''73fc of '‘me‘aisA & E©t H>Zf <«ot—e'"2
"', FeAe ,atoskrze’ "' —F ' Zr—<...ox ®'f.«CI@&EKey...S "t7e3 f..S>... .t
it ced of ®fe—f"Fey..S "t Zcof«eA..S “«tZc«ez..S
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4 M

4.1 M

4.1.1 DNA
X Syntetc... e+ ‘Zklgotidy (*> -1 — < ce fifthew Sigma-Aldrich)

Tab.1.| foeefe "*— <—y...S ‘Z<%o'e—eZt'—<18

. A SEKVENCE w2
M13 F TGT AAA ACG ACG GCC AGT
M13 R CAG GAA ACA GCT ATG AC
GPDproF CGG TAG GTATTG ATT GTAATT CTG
WSS1F ATG AAG ACA GAA GGA ATA AAA AGC C
WSS1R AGT GAG ATC AAT AAC TTC GAT AAG AG
E116Q_F CAC CAT GCT GCA CCA ATT AAC TCACAATTTATTC
E116Q R GAA TAA ATT GTG AGT TAA TTG GTG CAG CAT GGT G
attB1_KOZAK AA AAA GCA GGC TCA AAA AAT GAA GAC AGA AGG AAT AAA AAG
attB2_STOP AGA AAG CTG GGT ATT AAG TGA GAT CAA TAACTT CGATAA G

attB1_UNladapter GGG GAC AAG TTT GTA CAA AAA AGC AGG CT

attB2_UNladapter GGG GAC CAC TTT GTA CAA GAAAGC TGG GT

delDBD_F GTG GAA GTG GTT CAA GAG AGT TGG CGG CTT TTG

delDBD_R CTT GAACCACTT CCACCGAGACGTTGAC

delWLM_F AAG CAG GCT AAAAAATGT TGT ACG ACACAT TTT TGG GGA AC
delWLM_R CATTTITTTAGCCTGC TTTTTT GTAC

PR_DWN CAA GAA AGG TGG GTATTATGT GTC GTACAAACCTCTTTG
mutSHP_F GCT TTG GCG AAC GCT CAA CGT CTC GGT GGA AG

mutSHP_R AGC GTT CGC CAAAGC TGT GTC GTACAAACCTCTTTG
mutVIM_F ATC ATC GAA CGG CGG TAT AGA GAT GAT CGC TGG TG

mutVIM_R CCG CCG TTC GAT GAT AAAAGC CGC CAACTCTC

mutSIM1_F GCT GCA GCA GCT GAT GAT GAT GAC GAG GTACTCC

mutSIM1_R ATC AGC TGC TGC AGC TTC TAA GGA GCT GCT AAT ATT ATC AC
mutSIM2_F GCT GCT GCC GCT TAATAC CCAGCT TTC TTG TAC AAAG
mutSIM2_R TTA AGC GGC AGC AGC AAC TTC GAT AAG AGT ATC TCC CG
HA-tag_F GAT GTT CCA GAT TAC GCT GGA TCC AAG ACA GAA GGA ATA AAA
HA-tag_R GTA ATC TGG AAC ATC GTATGG GTACATTTT TTAGCC TGC TTT

X DNA vektory
0 PCR-Blunts «Z'«'~feyes % MSSIposkytnut od Michala Svobody
(Zf,'"f-'a seoy@~dezo>—o— >7 ‘famoufGenscript

(www.genscript.com).

0 f—-f™f>; (ttS  eT<—"'%oFe;ad Stre' <eSt” cte—<"

d12536017)
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x

0 PpAG416GALecdBposkytnut od Susan Lindquist (Addgene plasmid #
14147)

0 pAG416GPDlecdBposkytnut od Susan Lindquist (Addgene plasmid #
14148)

—fetf T> o' ZFe—2Z""y...S Set—ete_A

0 GelPilot 100 bp Plus ladder (Qiagens f — 239G25)

0 GelPilot 1 kb ladder (Qiageng f — 239GB5)

0 GelPilot 1 kb Plus ladder (Qiagens f — 238GD5)

Enzymy
T5 exonukleasa (New England Biolabs, f —4 «& )uxu
Taq DNA ligasa (New England B'Z f ,4 *f—-& «3 trzt
Pfu DNA polymerasa (Promegas f — M %/48)
Dpn | endonukleasa (New England BioLabs, f — &0436S)
S—ecte: Fadlity DNA polymerasa (New England BioLabs, f — M®@580L)
PPP Master Mix Taq polymerasa (Top-Bio,s f — &#12%)

f_iTMf); Z‘.f.:l:; iO(E(InVﬁﬁ)geﬂ?ﬁf—ala%OZO)

f_:tTMf); Z‘.fo:t; fp-oe(ln\/Ttﬁ)g-en?-f—z’iN%OZO)

"L F—e>
HA‘Tf%O t{V ."iz(«A o‘o‘oZ‘oiZoA ””—(Zi—'f iZ%t.(%o'f2<°%o
«3r24)

str zrr et A T'Z>eZ' e 2N oA -QDR,s f — ®26-82211)
Mt _ZZ7—ef TLH89250)4 «&
IRDye: xzr eo'A ''Z>eZ'e7Asd& X +%COR, f — ®26-88070)

Roztoky a pufry

Cu— of"—; "—"7 t™ % Zfet B7TOASya of-4a «a

"— sr "ffe«eA ' —"" ™ ,f(Promega, f — METBA)

Phusion: "ffewe A ' —"" f™ % Zfe+tBO518F), 4 +f -4 «a
Phusion: "ffewe A ' —"" f™ % Zfe+1B0519Y), 4 *f -4 «a
‘et A o 7S

“_ ..o 17 §—"f...—<'e <« 2870§)%oFfea ef—-8a «a
; "Zfeect ececKith(Zymo research,s f — D4Q20)
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416 StecezZ<t 't CAAfT— ext <A

x YPD , — Gproemikrobiologii (Sigma-Aldrich, « f — & 1885-1KG)

X YPD agar (Sigma-Aldriche f — & 16@0-1KG)

X fe—1"<'Z'%<..*y fBdfich, (%o #B3E6-250C)

X “feec«sz T—-eA-pezamihakyselin (Sigma-Aldrich,. f — #0626-250G)

X >T7'8>e « T« {Figma-Aldrich, ¢ f — &8627)

X Ampicilin (Sigma-Aldrich, * f — #10@0000)

X fefe>...ce o—7"2Ndrich%e f f- K1377)

X L-Arginin, L- o’ f " f %o Ky&elina, L- Z——f «*~ 7 <> lEAsinf L-Fenylalanin,
L-Serin, L-Threonin, L-Tyrosin, L-Valin, Adenin, L-Leucin, L-Methionin, L-
Tryptofan, Uracil (Sigma-Aldrich)

417 e—f—eA «co<tZf f ...StecezZ<t
X Mili-QHO[Pac’ " f tef "ot A "Blilie—" " EH%"fZ f-1" —"< .. foc's
System for Ultrapure Water by Merck (Millipore) f f——"‘eZZ] ‘" Z«f
x Barvanukli‘"y..S e>efZce $Z ft:4 41003)-+4 of-4 «&
x Akrylamid (Sigma-Aldrich, « f — 8\35%3)
X 17'&'t<eA”fe feAPSY(Sigma-Aldrich,s f — 8\3678)
X & & "dettamethylethylenediamine (TEMED) (Sigma-Aldrich,s f — &928&il)
x Agarosa pro agarosovouf Z £« —"" U'(Senes, « f — 414G4.05)
X 100% Dimethylsulfoxid (New England Biolabs, f — 80&5H5A)
x Dithiothreitol (Sigma-Aldrich, ¢ f — ®0632-100G)
x Polyethylen-glykol 3350 (Affymetrix, « f — &#4838-500G)
x Sadas‘tey... SANTPASigma-Aldrich,s f — 41860064001)
X Sacharosa (Pentay f — 249#)-31000)
X B"'e"fe'Z'%7taServg «f—4d538%b.01)
X DNAzZ'e'«A..S ~f”Z-pAldrichy % DI1626)
x Octanl<—Sey 1<S>1”Zz-Aldricho = f — 4458-250G)
X H>t" ' %ofe ‘e "tw«efe o tNgr, « ff—B6GL-CPO)
X DcS>t" ' %ofe o™ "t«efeo 17 NGZef— BPQEEICPO)
X SZ'"<t «'tey Kkate«HE90-00000)
X SZ'<t trfetZey"af . fBA76-EPO)

4.1.8 f‘—i"(zZOA f 0~fo(oo‘~i ‘—Z——”)
X SFec..e> o'« f_HEocherkhiacoli « S*‘-—; ST o <—"'% te:a St7e
Fisher ...<fe—<"¢...& of—-4 «& vrvrsr
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x Kmeny kvasinekSaccharomyces cereviside'* ‘¢’ Ztete—f«oA $§ F"cote—>
zZf,'"f-'at Sf"Z%e+t ‘‘efDorinelly Céntée, University of Toronto)

Tab.2.| foeefe '*— <—y..S «e«feBaccharomykes cerevisiae.
aftf-fmenys fZtZ2'— 2" f ... AMATA s+ ——
[a Attcw MATa, his3- wleu2- vura3- vmetl5- vddil::KAN
[a] A™eew MATa, his3- wleu2- vura3- vmetl5- vwssl::KAN
[a] WT MATa, his3- wleu2- vura3- vmetl5- v—"fy aa
aftfE-kmenys fZtZ'— "z2""f ... AMATZZs —o—
[4 ATt MAT 5 c_anl- v &AE2pr-Sp_HISysl- vhis3- wleu2- vura3- vmetl5- v
LYS2ddil1::NAT
[3A™eew MAT=canl- vaad  xS8p_HISHsl1- vhis3- wleu2- vura3- vmetl5- v

LYS2wss1::NAT
MAT=canl- vaad  x38p_HISHsl- vhis3- wleu2- vura3- vmetl5- v
LYS2S<ey a4

[FWT

éA :toi oo:to
MATH MATa ... few Vv a&A&-SpxHISHsl- v Z>=whis3- w Secew
Att«wA™eeyleu2- v Zt—vra3- v —"fymetl5- v «f—w{LYS2dil::KAN

wss1:NAT
MATHMATa ... f ew v aA&-SpxHISHsl- v Z>=whis3- w Secew
A™eewAttcvleu2- v Zt—vwra3- v —"-fymetl5- v «t—wyLYS2ss1:KAN
ddil::NAT
4.2 METODY
421 AaAA’ff " —""0 f %tZ6

X Tris-EDTA pufr (pH 8): 10 mM Tris; 1 mM EDTA

x TAE pufr (pH 8) 5,71 % (v/v) 99% CHCOOH; 10 % (v/v) 0,5M EDTA, 24,2 %
(w/v) Tris-HCI; ddH 0

X PBS pufr (pH 7.4): 10 mMNaHPQ; 1,8 mMKH:PQ;; 137 mM NacCl; 2,7 mNKC],

ddH,0

X oettetTy ' vt fuSftASAEST T ™ T »G.LIB(WN ce f
LTt e 72073 ot ddhO

X RUTetTY Tt Um0 Zs fans 7 FeQ,08 MTHe-HEL(PH 6,8); 4 % (VIV)

>merkaptoetanol; 5 % (v/v) glycerol; 2 % (w/v) SDS; 0,0025 % (w/v)
Lot ter 77 o't

X ZFe-"'t'"y '—"" ' x&z A tw e "<eA twr o %Z>..<*a ras ”

X Atets "y '—""& s{t e %oZ>..<*A twW e "<o ZA Sr0 "~ ef—_feZ8
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L-Arginin (0,2 %), L- ¢’ f"f %'~ Z e>ef17%3,fL- Z——fe'"72 e>efZceof
(1 %), L-Lysin (0,3 %), L-Fenylalanin (0,5 %), L-Serin (4 %), L-Threonin (2
%), L-Tyrosin (0,3 %), L-Valin (1,5 %)

423 AN UfTf %NSIELSQ ext—EA LA of—fZs—c..o> offe—c oA "frcfo——

"COCAATfT— ef—fZs—c..e> effe—<TeA TfUcfe—> ees’ >7fa of
(Stingele et al. 2014) do genu WSS1 “sfetef ‘172 e——f. ..t @' 0 ,—EA..A
*F%of—< o3 of «—%S* (BAEB)V—ffook"aAe eAe—3 teere— @f ¢f—-"2Z2Z¢A %Z-

Mutace byla ">—""'& f metodou QuikChange Site-Directed Mutagenesis podle
protokolu pro soupravu QuikChange 1l Site-Directed Mutagenesis kit (Agilent
Technologies). Nejprve byla provedena PCR amplifikace vektoru ; -Blunt s genem
WSS1' ‘e .. A “Z<%o ' s— £ PriMErofE116Q Fa E116Q R« fS—EA...A ' f1 " fe' —
mutaci v termocykleru Biometra TRIO VX  efZ>—<e tef & Z' teA "ffe«eA..S

"“teAees "ffe. . (Ee'—tab-3d4 Prodikty reakce bylytzZ3 <cee— ‘"Ze> s S 'ac
Uy T o fetio—eZffe'r "o @ 3 A A _fe' 73 " ef 57 "fe'— &
2> o707t ted fefZre "EW Ut A T2t " "2 @A

Tab.3.| Z*' t+A »pPe QuikChange Site-Directed Mutagenesis PCR

VZOREK KONTROLA

sr- ~— ”th°«°A e wlJ 51

fe'Z272-""2 tr o9 1 14
E116Q_F (20 mM) 1,253 1,251
E116Q_R (20 mM) 1,253 1,251
dNTP mix (10 mM) 14 14
Mili-Q H.0O 314 324
Pfu polymerasa 14 -

Tab.4.| tfe«eA 1+ MuikChange Site-Directed MutagenesRCR

1. {w 1 30s

2. {w 1 30s

3. 551 1 min SZ ...>e

4. 68 1 2 min

5. Xxz 1  5min
4.2.4 %o f""0"' "2 izj;-—"”‘”iaaf Mt —e—0

Tt —e—> "tfe A 7> fefZ>eSZwoe v eZZBA  f% [Tt

iZi'—"‘”"i(ﬁMﬁ a,s%ﬁc"o@fyltpl"'y %O:tz ”)Z .f2<— Tx f,f”f__”) TMZ; f
Mini Gel Electrophoresis Systems (S3"¢* ..<te—<"<...; &4 * of-—S8e——-A %t7—

(o~

iy pufrem pro f %o f”'e‘gely (v "‘¢3"— was f
efetefer T' Efeted fo' o—foff’t o Zfe—7'"y.. Kb kddet(Gdl ,>Z ' —

ce3ec eeA..Sve'"e
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Pilot & * cef 'Ef+A e EVABRACOSGt A" ASFZf tZ%te—"""""2cef '* T',— ur sco
'a430 & ZeZitted 57 %etZ "> '..te 't cezAteRuatumSA4 - flfri-—

425 "feettef .t L fe—t"<A
Vit — e ”i]f)oZ)_A—"fOOA'"O‘Nz') —i’Z‘—-A- &'tk (i'dIiQIﬁe—i”(A

S—:  Sréd—e'tecet ,—+3e4 eeZ flir if éx 3Fo ot E'""t "oee"f te> of 71134
ZeZtte3 ,5BD'Asuspenze’a<TZ5'A & e3e¢>7> <oe— ‘TZe> tw ece of 71134

30s’a«< vt vee f SaA”f ... Fhergidgcelt Mixing Block MB10 (BIOER Technology) a 2
sce of Z1tT3dylyz 7B obohaceny o 25 AZ e++affdze> s S 'adNew !
e ™ e; o7 fr vVA  TEet T f Tsed—s o f AfA%L I Zete px oot Zef oo A

antibiotikem. * “yefT— [ >7> ecee> <coe— ‘“Fe5 tefe "02SH37L VAte o'... 'Ac
coe— 7-'"— vrr  feei”— 4
4.2.6 Zfo—1"<2ZeA...S e Z'ecA

Vede—t"y..S "AA ftF:..S ,>Z* """ T3AteA TAA-teete—c f o—fT— oZ'e'"
V—"fes "e " foy S —0ez..S """ttt of"'e—2y..S ,fe—1"<ZZ+A...S o
misky bylo ~>,"%e* y «Z'ecAAd e—3"% 57> ‘T1371e3 &feIZe-QFH07 70>
Zeof tx ,—e3«ex o—o'feet >7 ‘=% f‘«e'"Ze s AAAPZyam7Zye oxt<f
fomc,c'mcofod V.. S cbilys SfAFRMINVoce" "Toot —"' 3 efe_f Ftex of
cf8ceZZosA "ye'ed of B o7 ‘ti,’2e s AZ4 E1f JpZaPAASIp Eex
ee3e¢ 'V o7 ecA o7 feA ee3ectABB AP CAC [ Eex T Te> 57>

e7eZFte3 17 te> termotykleru Biometra TRIO 46 (Analytik Jena) podle

teAete —"itiegh. 54" "'t—e—> "Ife. A >Z> fefZ>a‘"Ze> o' A f%f
FZte—""""2 > A28 B0ffHof" oY Sof s AF T o' ZFe—2Z"y.. B00p —ee—A

plus ladder [Gel Pilot & efe—f"1+A @V pEdobU HE min). f wzeZfT3 "yeZtt+6

iz:to_""\‘"iw) ”)2) ~)”"2o) '_',i.@i _"foo'\‘"o“'foy___é ”_030 Tt e (e
'Zfeectd
Tab. 5. | Zfe=F"<2ZoA . . SSZZPXRPAS A eo3ec [ ""TeAees "tfe  Ta

1. 941 5m Wssl F (10 mM) u
2. 941 15s M13 R (10 mM) u
3. 551 15s sz ...>e PPP Master Mix A
4, 721 1m30s Mili- QH20 ty
5. xz 1 5m
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4.2.7 Minipreparace plas <10

TAc «f7e—"3 of " e_Zwfo'Ttoct fore ' "ofweA "Ftfoe. .t 57> "ot LA o
'O Ty S @lccte TAff%olftTE Gxse> f efete—f—e3 "Fe _e'fet T7er Ty
extcf "AAeZ—aeeye oFZtewesAs fo—c,<'—cofed fo—' TAC"fTiexr o—7-

">...S220-0A/min "A< —F'Z'=3'Afgelet.. E™ "_ee™ e o' 7f: yva 'iet
7eZFt—EA..A tie 57> o—7——tx YoBeSK <9 "gr>l AISRT %o f :
Tooeofe ‘—7—-F" 8 * ‘te—"fe3¢A ot ef_fo—— 7> —Qe> ofete_f.
v550 JZ ~@KkbO.Plasm<t ‘™7 DZf—oteeAeeZef A oft>  plasmid

miniprep kit (Zymoresearch) '‘tZ3% '"'—'e'Z — W iiwe3«ey...S e—e'teA 7
‘“tE,7Z2e" xrr JZ "' e— T «co—y...S sAW ¢Z .. Fe—"< —%of«eA.. .S ece”"
' of T+ ece” gge—ef o> "Actze' sr1 JZ Z>Efec AS £ 7L 8¢ tw 12
2> Vie=tes oF——"fZc®'"Ze> 'ActzeAe urr JZ Z3t'TxS' et —-"fZcce
"teA L SZeAed @'Ves >Z> ..fe—"< 1B00Q «y, 5424 R<Eppendorf).
—'fef—fe— ,>Z ’'afeionkk ZymoeSEin INNN4 e—F"% 57> —dSemPe>
"Zfe—""y...S ece"ige—of"ez...S8 ' . W% — B .0f oSlve, dTesuy o Z et
rActzet trr JZ- F¥S "7 — f e <" — %o 1A %o Gir @ ZStute3 57 of
ete "Ze> ActZzet vrr JANash'pu™”— f ...fe—"< — %0 ‘"~ 72000 g3. Kaloakys u

DZ> TAte—e——s 0Ty S e —%of«eA..S ece” @e—ef Fed of«i
"ActZet of o—AfT of T ofe "ZQOHUBIZ txbccoe— f... < TAc e ETE —F 7
2> et Ztees L te_"cKentenlZferdt <oe'Z'"fex DZf e3@fef 'ter A 7AA
NanoDrop2000 (Thermo Fisher Scientific & ‘e of  efeTfef«eAe
‘Z<%o'e—eZF —<t Tyec "Mcod”s sud f sud ,>Z> ezeZFted ‘tieZZies of
GATC Biotech (http:/gatc-biotech.com/). ye+Z 1t t+> yyodnoceny ‘... A "7 %" f+—

ApE - A plasmid Editor (v. 2.0.49.0; http://jorgensen.biology.utah.edu/wayned/ape)

428 Z'e'"zeA ctee e " ete'Zfete_fueA tE ft7cotors —f .. §e 7
GATEWAY:
PAATT T T Zfeect Y. 8 etee e § 7t et Ziebylaf«sA 181

e = f  eZ'e Tf LA —1 .S 7 Foct ATFERLEA  "iete cof«eA  "Efe..t
't eyec s @RI tecto— "fet “eZ3t3eA ceet—ofey.. S %oted t' —"
ctfecTeALS 127 Teey . S “te—"GA Bt -1 PotS> tETE FYs Ol
rekombis f«e3 'Atezaeter T "Goeey..8 .AZY..8 “te—"5 ‘o fS_EA..,
18 "tec %oted T ¢ fT'7fedorganidi " +

Z'e'"7eA "fe'e cofweA..S efe te A f——
f w2 f u? oo WSSPhINSEIFI16Q > 7> "act Ze> ”i-‘-,,<-f<<-ﬁattB!1-~i-...i
aattB2 —e* O— EA..A eAe—e3 o' F <. o' — "fe'e cof < T TZ7...  Teex S
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efet— A efe"fe F f-2"SeRefertetda HZf " Titief fe'Z<cof F %oFe

WSSla WSSELSQ "ot  Bote'™3 o'f . <"<..ey..S '"cet"8 f-— s4 f f-— t4
‘Lo fS—EAL. Auklemti T7'—  «ZttB ete"te . fd "'t —e—> "ife. A >Z> -
fe'Z< <o "oy et A —ec"fi"2ZeA...S fTf -x""y..S ""<et"6 f-—— s
f——td frf —t"a f "2"> ""<of 8 ,Z> of 7 Fe> TZfReIgerz vt 7
GATEWAY PCR

(https:/lwww.embl.de/pepcore/pepcore_services/cloning/cloning_methods/gateway/2s

tep/).

Tte'—Zc<™t o"'es 57> '"'aA<eBiGnetra TRIO 46 (Analytik Jenp
“tZ% "tteAete — a6 .St —e—> D2 fefZroe "2e> et LA fYUofrie "4
TZte—"""(izdeapitola 4.2.4) (1% f%o f" '~y %ofri/taf "1 ¢ ZFe—7'"y..S Se'—e'e_A

100 bp plus ladder [Gel Pilota sfs—f~te«A cet po@Eohé 45 1imin.)

Tab. 6. | Gateway: PCR: Z' teA "I feweA..S ee3eA f ""TeAses "Ife  Ad

KROK 1

Teplota ,f-* Z' fOAEfeweA3ec
1. {w?! 2m " — " fpuir A0 mM) wl
2. {w 11 30s te'Z272-'"2 tr * %o 14
3. wz * 1m Sz ...>e*ZattBl_KOZAK (20 mM) 14
4, Xz 1 2m attB2_STOP (20 mM) 14
5. xz ! 5m dNTP mix (10 mM) 1,25 J
Mili- QH20 40,751
Pfu polymerasa 14
RO
Teplota ,f* Z' teA "IfeceA ook
1. {w?! 2m S — 71 fpur A0 mM) 51
2. {v ? 30s TPt —e— e7"'e— «d S 14
3. vw ! 30s y ...>e+Z|atttB1_UNladapter (20 mM) 14
4, 681 2m atttB2_UNladapter (20 mM) 14
5. {v 1! 45s dNTP mix (10 mM) 1,25 J
6. ww ! 30s W ...>* 2 Mili-QH20 40,751
7. 681 2m Pfu polymerasa 14
8. 681 5m
Produkty 2. kroku GATEWAY D2y 't fefZyoet 'Af«cam—3e> 'tet A etefT«e
soupravy QIAquick Gel Extraction Kit (Qiagen). K"t —e—8e ,>Z* 'actze' swr JZ
Lt WK JZ e fetZ A eSec 57> ot f8eZtted '"eA .. 37e>a

QIAquick: s'<e e'Z'efe f .. fe_"Centbliigazrssl5 R, Eppendorf; 1 min, 13 000 g,
tw L t2Z% 572> “0e'"e> @'f ... "Ze> s—fEeye e’ OKapitel@d AB.P EF —"Ftie ”
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Produkty LR reakce bylytZZ+ —"fee "o "7e5 —f'7'—eAe m'Eeoli* ,fe—1"¢

et S'—; Viz 4.25) "fee Ve "fex _byhpwysety of fU%of" TE ecee>
s Ampicilinem srr J%aa—e-Z-—,,‘”in "dte of L pewy,z-"" VIT4 )feet’—
— Qo> —V"fee e " fot 15’ T eegomyWISIWISELQ 57> AT ece’ "t fUf LA
‘“3ate> o ZVWzZA26) ‘TeAse "f fe...uve@emystab 10.
Tab. 10. | o' Z'ecA tdeAee> "tfe..ta
1. 94 1 5m
2. 94 1 15s
3. 551 15s 30 ...>e 7
4. 721 1m30s
5. 721 7m
6. srt »
§'"fee A oZ'es 57> @@ ,—e3e <R'Z' "INz AAT AL Af A" 7>
,—Oe> f‘«e'"Zes Tty oZ folerfdfcoste sSrr J% o7 & “teakbe fef«eA
2> T'— <«—> <ot F>a GRDproF (vektory pAG416GPD-ccdB) nebo GAL F (vektory

PAG416GALecdB). yeZttex "'t —e—s 57> ‘"38Fe> efe™te fitpAgate-"<" o>
biotech.com/ f eZeZtte3 “>S‘te' . fe> 'te' A 2 Mhplgsmid Editor (v.
2.0.49.0; http://jorgensen.biology.utah.edu/wayned/ape).

4.2.9 Izolace DNA z f %o f " * « hoggelu
CftTfex Tt —e—Z> T fY%of ' e ke %otZ— ofZtcete> T Zfe
"Z'S> ‘T"”ATfGEA...A Tf-J_r o'Zte—7'""% Se'—ele_chd —1"<ZeA <ZF-e'—

CFt T fer— f sfef T4 77 fex ece”  fe— <" —%of«eA ge—-
%otZ— Zf ce'Z f et LA eftH “e—ce FZ O 8="f =<' <
TtetZ— YT L L FA et e —%ofasA..S ee—ef"te 7 'Actize
Lt Ete— TTefEA.LA of — (ARt ge S SYofele—E o —ofTe> >
cee— ‘T"Ze> U ece 'A< Thexmécell Mixing Block MB102, BIOER Technology). Po
el —a@—3sA LefS— 7' t' ee—ePZtec AT Ztwh  e3e¢ >7> -2
rAteteter T e fUf«eALLS efZtefe T oty LS ece” L Fe—"<"—%0f«eh
.. te—" <" —%séfttifuga 5415 R, Eppendorf; 13 000 g, 1 min, 23 a * ‘te—"fe3¢A
tZ—72—— >Z' of ' Z'ee> Aactziet ywr JZ T — A YW ece oo — f <
(centrifuga 5415 R, Eppendorf; 13 000 g, 1 min, 23 f ‘te—"fe3¢A 7 —7—— 57> o'7"

Ateteter T oY 8 ecem L tes %o faoA. S ee—sf fe f A of T,
QH 'att1Saz—=% of uy * 4 e—of"e> 57> coe— ‘"Fe> W sco f ozeZtTe
(centrifuga 5415 R, Eppendorf; 13000 g, 1 min, 25 & Z—7— ,>7 e7eZ% 13 cee'"— of:

of otZ'ee—d <oe— e W ece f U3_Te3 fe "%t Tied @'Zfei
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Tt el 2> fefZre TEer et A fY%freVizz42Dte—"""ta
e—fetf "t o Zte—7"y..% kBp ladder—Gel Pilota sfe—f " teA cet”"p&td srr

T, — VI ece & @'"era o—1"% 7> i Z<X@edWe e 'faxw * >Z> t272% '*—
Efe' —fe'22-""7 B etat”z " VASFZf ef c—f @ nE.XBAW Tle Af Drewe
La "t—e—> "PfodBAEmar 07> esA...SZesad fefZr®Tze> o' A [%

TZFe—"""""4ipe2.4) ofe—f"teA 1" EZT srrexfretefrh oZte—7'"y...S
Se‘—e'e1MKbp ladder, Gel Pilot) f eZeZtte3 <e‘gelzfviz @294 @'Z' "fozt
it ey 5754 ® 107 T— cA®ey..S ofe3Atey..S oo te—"f. . A4 12
f% f7' "+ $Z%e—Ni2'ARe> ofe—f "F«A ocet”' (Hct dobsir45 min; standard

*'Zf+—2'"y..S Sd'kbpdadder, Gel Pilot & * ‘"3afeA ,>Z> «@'Z'"fex it —
‘@ t—Afe> fet'e—eZiie‘— ‘e 4 of«i 7' " t> w I IH—e——
"ATT A f et ee3ec ¢ efe eefe 75 fe—_f” (34 EIEWMDb X' A EHt
foe—' "AC " f tex "ffoweA ee30c 57> <coo— WIZdASWARef o of ZFT f
cfattse> sw QZH &czeZtted AZ" W—e—— of T+ "$fe.f —Upee e T2
Lfe—1tEcBoli o+ S‘—; qViz 425). U"f tex “fe—'"> 57> & ,—e3s <‘'Z'
cce TR fUNiZM2T). YeZiter TUit—e—> 5Z> TRAafes eieTFef A — <

(http://gatc-biotech.com/ [ eZeZfte3 ">S'tet . fes "fof A A%lagmic-
Editor (v. 2.0.49.0; http://jorgensen.biology.utah.edu/wayned/ape).

Tab. 12. | Gibson Assembly Master Mix. y...S‘0eA ee3¢ A" f fef ''tZ7%
(Gibsonet al.2009). le‘—f"«2Z+A piff sxZA &<’ "f " Fe fo— fteo —feA«ete
(UOChB).

W- <'—1"e7Z¢A "ffoxeA utr J
T5 exonukleasa tr J
Taq ligasa SXT

Mili-Q H20 yrr J

——f..f f T2t F co—f"foweA..S Trete

v Efeed Al ff Ee'm— EFte—ZcTE comf fecsA Tihe> 162F ¢
VIVO, ,>Z> TA<C " fTHes etee_ ey ete'— A VimRefr«IfY<fONISLae O
WssEL6Q se specifickyce fe—<™ " feyec «< THZF—'"foyec co—t"foeweAec o =7
SIML, ta & & 'AA'f13 E1Ec..8 oo cof . toca [S"foeteA +ZA«"
VAAeZ —@ey..S o' —<"1..S « t1Z%..f . FZy..S ¢ =76 >Z> " "ttte> e
et LA V<ot —"EtTEpy—=RB37F «4
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Tab. 13. | 7<ef”s "7t e——f o f tEZF..< <o—1"fWESHA..S Tlexed

efe te 1 "AAZ—a@e+ S o IWBBAWA'S et feliRW e 73

7Y "foeedeyec oZA« TYec focotersefZcefoecd dtoifiatoAYcd4t DD o

uvedena V'"<fe—f .~yW2av2ete"Fe. . T VordaddfeAe +4 0 —"itief

Vi Ucte—f aw2a2e't s 7Y [P @3 of 'Z"—EA.LA iefer tTE.LE
"Meet”BA «1" ter TYWfeepWeRAecA "2 ZA [ TYeZAZVH eede> T
sekvenci. Ske"Fe ... F ""coef"0 "' <ofe—<Tf < Tlexe a a sé t 2>
“>—"'Ate> of @ZeZf1T3 «ZErak2014) <%t T

PRIMERY SEKVENCE

ot

o L N QR L G
(% Wss1 TTT TTG GGG AAC GGT CAA CGT CTC GGT
8 A A A
£ mutSHP_F geT TTG GeG AAC CcT CAA CGT CTC GGT GGAAG
€ mutSHP_R GTTTCTCCAAACATGCTGTG@HA AAC CgC TTG CgA
R ELAAF E

E WSs1 AGA GAG TTG GCG GCT TTT GCT GCC GAA AGG AGA
8 L L R
5_.35 mutVIM F atc atc GAAcCg cCg TATAGAGATGATCGCTGGTG
IS mutVIM:R CT CTC AAC CGCCGAAAAtagtag CTT gCcg Cc
\—i D D DD
% Wss1 GTT GTA ATC CTT GAT GAT GAT GAC
8 A A A A
S mutSIM1 F CcT CcA gca gcT GAT GAT GAT GAC GAGGTACTC
g mutSIM1 R CCACTATTATAATCGTCGAGGAATCIgA CgT cgt cgA CTA

Wss1 ATT GAT CTC ACT

A A A A
mutSIM2 F gc TGceT gecC gcT TAATACCCAGCTTTCTTGTACAAAG

mutSIM2 R GGCCTCTATGAGAATAGCTTCAAA CgA cgG cgA ATT

delDBD_F GTGGAAGTGGTTCAAGAGTTGGCGGCTTTTG
delDBD_R CAGTTGCAGAGBCCTTCACCAAGTTC
delWLM _F AAGCAGGCTAAAAAATTGTACGACACATTTTTGGGGAAC

delWLM R CATGTTTTTCGTCCGATTTTTTAC

delece WLM | delece DBD | mutace SIM2

ZE.oet 7' feA "ffe«sA. S ee3¢A f ‘teAeer tab. We'— —"Ftie
7 cofwe A TEfet 57> %TFTiE»—Txe 17’ -gratlieht—
(Biometra: & "‘t—e—> "Ffe. A >Z> foefZr0e'"Ze> "ot A fi%Af2he "+ tZFe—"1""
(efof"teA ot V@EOIBDEAY e cod s—fotf "t o Z5e—2"y..8 Se'mete_A s o 7f
[Gel Pilot]).
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Tab. 14. |Gibson Assembly PCR s ——f ..t f tT1Z%...f <o—F"foeceA..S t'eted
ZE. 6F feA "ffewe A(TSfT3eA T TeAces fe'ZcofwoA..S "Efe. A

(vlevo).
EE , | ~ A A 4
1. 98 1 1 min Phusion: "ffeweA "7 v IJ
2. 98 ¢ 10s te'Z272-""2 S *% JZ 13
3. xv 1 30s 30 ...>+Z | Forward primer (10 mM) 14
4, 72 1 1mb55s Reverse primer (10 mM) 11
5. 721 10m dNTP mix (10 mM) rav
6. 41 » Mili- QH20 12,4 1
S—ec'e: Fddhity DNA polymerasa 0,21

‘ ‘~3é.i.A ”)Z) ((E‘Z‘~f‘i 1’15.'._._) ‘&i—éi'> i..'.‘._.z:tf.n_
R'f.."Ze> e—FEeye &’ OpPOlapitdefs2.T0- Z e "ZeAste T fTcoc—0oA
efebafTA "AAf™> o'ee_"—e_ 5 EF o..STtef-—Alef bz mp3kenf * "

varianty HA-ce e f « oy ... SWISTa GvsSEL6Q >7> T2ZF "fe'e <o'"Ze5 f—_f™Ff,
"ffe.. A T' .. AZ' " ypAGAL6GALECHB a pAG416GPDecdB (viz kapitola 4.2.8.

yeZttex ""'t—e—> 57> '"3afe> eofe"fef hith//gatchidtesh.com/ ) a
e7eZttes ">8 tet . tes et A 'V % "A eplasmid Editor (v. 2.0.49.0;
http://jorgensen.biology.utah.edu/wayned/ape)

4211 "fee tVef .t o7 feces' Ty S —e3e
Nfo(oo‘~i oo:to) ”)Z) _”foo"‘”o‘~20) ’a("’f~ioyo( ié'"iovo( 02'0)

HAWSS] HAWSSE!6Q o ¢ EFE<..S — ' "f Fes£ZFf " 2f»=HiHb Efficiency
Transformation Protocol (Gietz & Woods 2002).

T w@Zze',oA...S e—7Z_——" o fequig'tgh...J, w=t¥h 7> —..S' 777 Ze>
VSW™ %Z>... 1" 2" 4 "'omt'd—a ' BL" fot' —c...o> ‘TE, "Z2e" ofZ% oo' o_"A
Ete 272> “sef—> of [URof " "+ scoes f ool ‘77387 fyle oy fcowe—, 72 -""

VITA teef”— & ,$7e—"3 of" o7 o foecoe' "4 o Z'ect of f% "7y ..
Tk e—F"cZe3 @f'«e "Ze> T Sr o7 extof f —At’Ze> ¢ ">...SZ e—c t
30t "afe o ... T™ " _ee™ e efTf:r yva fet "t A ZeZit—EA..A

‘<. 072 S—e—'—f —AF'fey..S +BioBpect”« fa<t X re et Eppendorf). Na
ZeZft3 Aeefoy...S S'te'— >Zf0't17as s fSfaces"y...S | —e3e

'« A—Zef 'A<, Z< o7 ote fe_Vf . f [ —e3e " _AF pey..SS »Z 773754
cole—7'"Fe" wr oZ extcfd 'att+Saz—+S* of uy T & of ByeZite —
,—e3e o7 f —AEIS . SZ'e—c trr ‘ ece fL_fI/M_3F yree™ _o: o' "f: vVa
Eppendorf)d * T ef fTeA “"—c..oteBt 64 5>7> —AT fox e—7Z——"> . fe—"< —
Orr %a w <& sr ! al5H B¥%ekphan Coulté & 'Z7..Se——> "-QWOA <Z«
®e'"— L fe—"G-UWT %0a W ec<ed sr ! &15F tBeckfan Coulter). Po
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Fe"fe3eA e tTef_fec— 57> ,—Oel MEMIQ T FIAT Ee e T

SAWeZ ece”' L Fe—"< —%of«eA oRe—efTe>a @'"e> 3000 ¢,230%s;...fe—" < —%o"
Femt %ot WYLV A& Eef f 7 fetfeSeA o OfZefEPIaaf 2] o
Mili-Q tak, aby "y« Z t kedcentrace ‘' " AT f Z107t—e3e o7& —e3«ex e—o'foet 57>
"+ AZted " eA .. SZe> f 'Afeteter 't srr AZ T ‘oeef«fey...S SAWeZ eco”!

CEQ_of~¢o CEiTof Tk of T‘_ _"foo'\‘”of((oA ”ifc_._( a ‘CET3z¢oi o_o’io
o Fe—"<"—% '"PAO @g,sBO s; Centrifuge 5424 R, Eppe ‘"~ & * ‘te—"fe3eA
supernatantu bylo k , —OQeZe "actze’ Utx JZ —"fee " "eof«sA oe3ec tvr JZ wr” u

ux JZ sr o < ...& wr A2'«A.B “f"Zf- f s J% 'AAeZ —sex 'Zfeect'”
FZet"xe t EFe— uv JZA ffe.f oZ'— A.LA Efe oet%of—<ToA ote_"'7
"ZfeectTz UV AZ "4 tfeceA seSec 57f Azted oA .. SFer [ <
ece "I vt Thermocell Mixing Block MB102, BIOER Technology). Po centrifugaci
(130009,30°8 fe—"<"—%3F wvtv & "fet'"" >Zf @F-"e3 ‘Te—"fe3ef —"fee"
f ot of t2 "2fe.it 52 "ActZe sQb &—1""¢ZsA "<A'"f . A & <> 7>
,—e3«ex 'tZ7F—> @F-—"e3 "'@@eA..SZerA Tfee e fex __Oe> 57> “ref—

f%of" " ecoes> f coo— ‘"Ze> v te> "dc ur ! oo — F—*7 VITA Teet”—

4212 eofZyocef o'e’Ztete—f«eA. .S 18t cote—0 "t LA ‘T TS —fe——
“fecee Tk ,—Oe> .‘.’Z:]:.j:._'”f.i TACT T ey 1S "teoeAec o7%es
—Fe—"TZes of <=Z< o= "B« 'O ,teA %oletL, B S>3 "o
et LA T TS —te——a
JE7e—"3 efvte_ 74 e'Z'ect L —e3e of fUof" e 7Y, S eceez .S —"fee Vs
URA f%of" "% eceesd of—"foe "e'"fot f% f” 7> @f'«e "Ze> T
‘“TTATFEALAS extcf —Vfeet VelAfeRfes Ve "fer + @ a
—Af'Ze> 'Ac ">...SZ'e—c trr ‘=& ko FredMITY Ut—ee™c. . o; ' "f: vVa
Eppendorfla Z¢Z3t—EA..A Tte >Zf c@Ecae—3ef 'ac¢,2¢ o7 S—e—"—f  —e3e¢ "~
®f'«e'"Ze> o't W oZ o—7Z——"5 ‘tTTTATfEA..AS' <+t apitple', e Efer EE
4211, * Tr'ef teA “'—c... et Soo=L byly kultu”> ,—e3ete@Ie’ o3 et "%
eatftftde> 7 s-4 x-4 ux-4 tsx-a st{x- f ,'T'73 ¢feiaiSC URA+

f% f" "% ecoe> o rarw S>t”"'E>e‘«'“cerd 'yt S coe— f..< "Ac ur SZf
IPP 400, Memmert) byly misky vyfoceny.
4213 §—"fe..t " —pifO@ "y.. .S ,—e3e

é_nf._) "_.3«.y ’”‘—”;Q.G‘”@‘Nf.y...s .Nf.(.:t. ")Z) 1é(’nf~:t.) ,‘Tzi
— [ tex St 9 ZS 7 f 23S Z< 7 13 -KUfisinektKyghidisov & Vitaly

2000). "fee Ve " foex eefesr e fexBfee_F" (703 co'e—_7 ' URN HTf f
—AT’Ze>t™ T —ee™( e; o' "f: yvA AIEwLISZe—c trr ‘A o< f —F'7Z'=3 uy !
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"Ate o A ZeZItT—EA..A Tie 57> ,—O0e> o—F"c7e3 "Adtgef 2> T «it”
“yeZtte'— oo temtALW oZ f TZZF —&F'Ze> cof o—FEey..S ‘teAetfed

koncentrace Oy ~1/ml byly ekvivalenty 6 jednotek ODgoo S s*Z<F s> ... 165000 —%of ... A

%A W e<*d Sr 1 A-Sili&o"fi.eofe ‘—Z-F" A  ‘Te—"fe3eA e_"f"ef_
,—e3«et "F7F—> "te—e'geiZ"F >t 3 | SZGHOra zndw— ... Fe—"< — %" Z >
(50rr % A& W *<*d Sr * AsW B%otfoeefe ‘—Z—F" & * ‘Te—"fe3eA e _"F"ef-

,—Oe> The—e'fetTies “f tQ HZ f<Zateteter 1t e—3"<ZeA..S sa
ccot L Fe—" " —Y%of«eA. . S—eeiteefAReHZ CAcTzet trr JZ rditoylyf & 3

cee— ‘"Ze> Sr ece 'A< f ''—% .. 123000 g; BO 57 Centrifuge 5424 R,
ettt A f ‘Te—"fe3e¢A et ef_feQaie JAtT¥e' srr -RIAGE
“oe'"e'"xSt ' —""— rarxZ '’<«xazamerkaptoetanol; 5 % glycerol; 2 % SDS;

Qarrtw ° " e fe Z'77 ofta @ A< "fTfex eo3ec HZ{w-A1 Ao WWFP'T
(Thermocell Mixing Bloce  srta t...SeZ' %> [ ..71(13000-g9%807 >
fe—"<"—% 1t wvtv & tet"" & — % ef—fe— >Z ‘'f—"e3 'Atefete

mikroce e —" <" — %o f « oA ...S e —ef totrfleeZ fT "7 ac

4214 ofZycef 18 "fef ""i—fceB "ot LA co—e'tt_te F '"A&-F<ceDd 't CATe"
ete "Fe— te_t"e 7'_
S et Be'—efoy. S Updw3 e ey S fecoe Y. 8 L 0ez..5
CaAtef et A FeZYefefZy> $E-"fe-0 ,—e3«ey.. 8 —fce0a S-"f
,efSaz-> ' t',— s ec«ThefmacaelltMixing Block MB102, BIOER Technology) a

cFeZtted T tUt tes “EU o3 TeA tTFof v T femt ke Yot T — " TAA—‘eete—c
(Mini-PROTEAN Tetra Cell, Bio-fta y~ cef‘e—a‘"f..A %1tZa sx* "‘cet3Z2f.
ctee—fe—eAe of’3YRod@ObU 90 Min. Gely §" ' —Fce>d ec—"" . FZ—Zx0e'"t sfe,”
“Z="fasA AT« —e3Z7% 3¢ Th «—"PALE e SEy (LY T oeZ' te> f
ere—te8 <oc -Blpts Cell (Bio- fT & &afe's ""—tced of ote, "Fe> " ASFZ
ctee—fe—sAe of'IVA' ST, — Xr ece  MET fo; fec.. ‘™MRAd).—''7Z>4 <
="' tZ—7Zx0e'"+ efe "Ze>  >7> ’'‘HoEml, B,5% rtokli kaseinu v PBS
A toe—te— 72" tZZF TA&TEN rBstted o"ZZ<«A eteteZ'e}
i —«ZZ—of 'Meeef«...t TyeZiter A1 tT3eA SASIIr f s>aeA ete'eZ'ey
"ot %eZ> .. 17— ecozeet %o “yeZitex Aaft3eA sAsrrr & o—3"7 e
efezeetey..S ‘,ELeda Fe,"Zef HDZf@Reda Ve At I E—f
u-w *c<ePBS pufrus 0,1° ~ 7 tr” ™ZFte f coo— 4772f T'R—"e— ofefce—
‘Lo fS—EA.A st zrr et0e A TLENBZ AN o Bho folt—cZGoof<of A
“yeZttex Att3eA sAsw rrr 4 %" sF: XzZr e oM AZInl "VIZeA7fe—
%ood “YeZttedEDOO) AT, — t S 'Ac tw 1 “F —e3A fe "Fef >Zf '
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"Wies—f u-w <PBS pufrus 0,1 % (v/iv) 20% Tween a 1X5 min wce —+ —"r—a !
“se—a@teA 57> of icefex " —<ZZ—e> of ofe "7@A " FdtirewEs. A
CLx Infrared Imaging System (LI-COR Biosciences).
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o~fo(oo‘~y é "_030 of o:tZio«oA f%of”‘ ‘T +oe '+T(_a
Tfeceet” Itmeny [a] ANSS], [a] ATT<WATa-[chTMuwAb)TIyW

ete’Ztete_t"7e5 ""Zaeteye “Fe—""te ' vsx f 18 "tesAec oZ%e>
pAG416GAL S-IArWSSlneboHA—WSSPHGQ”T ste "7 — <of—e«sAS' fZs
’”‘.‘—‘”—a ai---é.) —”f.'A"’.‘~f.i .‘..—”—.—) .XT‘~fZ( %O:t.) Tn
ere—t®@— —"f..<Z—8 E''efe. . <773 of" o7+ o775 ¢ fecee"y S |
naneseny vw- e+"¢' "+ AftA...A afts of f%o f7 ¢ "% extc—e
SU%hoZ—exe'—YofZfo—foe'— fZ T28%t<s ' "de>ur ! &
58 A =z WsslpV 4, 2 4 2 r A
Pro charakterizaci role Wsslp v, —e3«ex ‘T’ "3tc¢ of e’ feA f ~Z<—
Ette'—Z<"y..S trote of ———* "—ee « SZf " Tittef foefZyoef 'te'..A
o_:t"-l_- ")Zf ”"‘~02~20f ._.(_Z(~‘o_ 030‘Z(of oo:to(j of '60‘":t:oA a

-~f-<--‘~y...é sehaiive Aec % WSSla DDIL ([a)] WT, [= WT), e+t+8
e—"7 1 f EDDILGal Bt tcw Attcw eefed WBS&LDDIl([a] At TcwA™zew
A™MeewABtewt”+ >7> of A... o' e’ Ztefe_""7e5 F§ "feeAecHA'e> ' VSX
WSS1ef," 1S s——foe—eAec "f"cfo—f owsgpELUOP musSF \{§3F146Q mutviM

yeZite> 18 1 cote—OvizobfBI—AEA ' —«feeZz tHEISIADDKLED
bylaza’@A—‘ee‘e—¢ %ofe'—'Sc.. ot exe—F—«<...e> ZT—77eAA Fe—' "te‘—>' 7 e
WT variantou WSS14 ece‘Z<~ “gefs “f"<fe—'— T oassHeWiM «@proti tomu,
cofe—<"f..f trexe @'t 73tey..S  @dca8pe ESFWVIM, ¢ wosl muisHR
WSSIutVIMISHP) - se Smit3p WSSINUtSIML  \yss] mutSIM2 ySSTUSIMUSIM2 — fec o fe‘_e7 t+7% ... 1
Trete> “70c PHDAQNSIEDBD o fe3Zef "—ee ¢ Vi—fco— Ztey ‘"' Tf-1tZey "Z
GTi,e3 of T—ee ¢ efe375 TZ<” fec I'"f7>4 Ac o—f"Y...S ®OBe—fZ> o"'e3
Tretoer @'T'"73tex c&f <o—17 [ ewssmuSIMYSIM2\gbBY se Smi3p ssInutvIM/SHP,
delDBD) nepo s DNA WsSIutSIMUSIM2VIMISHP 5 efe o' fex "57' —«tfeA “@t..S -3..S-" T

(WsSIuSIMUSIM2VIMISHP, deDBp vedlo Kk '‘t‘,ete— “Fe‘—>'— (Efe' 'ac "Zfete—f ..
""zoeteye THe—""ted

72721 Zoet tZ% TYeZited 't TSt —Fe—— eteefTf_4 F f«e'Z< <
VIMnebo SI t «Ze—F«e3 0@7"2—<Z> o<Z+3 ef%f—<" oA t0zKapitote57-—f..1 ssx
7tez 08 =3..S—" "f"cfoe— "Afe—" ofe'e’Ztete_"f7Z AWSEWEDDIls' —«foet ©-"7-
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6 DISKUZE

Metaloproteasa Wss1 z kvasinekSaccharamyces cerevisia€E+ zZe——"'...F et T27 ¢’
LCELTTRex U fTex 177285 foeef« Tfex Efer U —%'Z>—c.. Bf Z&A f< a
ef...Sfecees ®fEc@E—ET —f—" T"2Sf ,—o3«e'— ‘1T''7"3@ of 'AA—"ee's
ef..S>...tey...S of A o—1"+ ["ZeA Tte——'— "I Zcof«oA..S "<tZc«te;

‘Zt v =t fes ees o kB2 fTf..< TV =t T «Ze—c a4 of«t e
cf"2ezs ""—@i ofZy 't —<t'7y e,o—1tcd EIS' ‘tTe-"fe3A Et t72
fTeyec ot . Sfeceera "UAA'fTE EF E1S* CAA-teete— 71" 7.
polymerasae<d e—<"<—f ees’ EF ‘“Z< e3ef “foe,'— o fproteiny CledB” feo...tec o
f "i_fcote e—UA ‘of fTeA "yeZites e——1t<A ‘“@mie ofceefu—I
co—F" fot3eA—d "V _fce> ot v—< of Tfey.. S(Stinpelkerd.2084,
Balakirev et al. 2015).
fZae A o fecee' ™ — "i_ffe' 4 e—1f"7 oF juafe—eA | —e3«ex ‘T'7

f ote="'7> ,—e3«exS* [ se7— ET feo' f'—72—""A<ttgh2p06)<s Afoce
EFTEA S'e'Z'%> ofETtef "F “@i..S f—ef"s'—c..oy..S "Uhofeces
cot—o " Zef T"fSfoec e<%oefZcoe— EZhueXiad 4998’ BxA T+ TS’ of

T«foe—eA — " dferezZeA tTI%"ftf..T Efe' "F..F' - @fE«
ubikvit <o " fexS* o— o_"7—— f s{ 'TEZITo(Saekiet’dl-20p)a—"‘Zf«se3

S fttu’ e—f «Zce—@EA ec—"—c...oy o' e_""7ZeA ""'_Fce tes’d «Ae of,"’f
Et+ Ecofe 0f ' '—at,A 7" 'te—_—" (Tlarke et als 2001, Gabidelyet al. 2008).

t¢s’ 1272t cef Eceeé—ET '"‘—tfe'ezZA t10kdpfuhfet.al. 20055 at e—eZ1f -

proteinu Ufol (lvantsiv et al. 2006, Gomezet al. 2011)& t«<s’ -+ "—e%—ET Ef*' %9
"T% —Z7—'" t8'...o—x0e> *o”@I "> f oe(Maragh & Gerst’2003Gdiiely et

al.2008)a "'—1'Z>—«<..eZ fe—<"<—f t<s’' Zf Tt 'e—1 '(Gaboekef ‘—cet
et al. 2008, White et al. 2011)4 >Z* ‘“eefe ‘,EL " te'd I+ S'e' Z'%poey 1S’
,—O0e7.. . SHfOLC.efegand cef Eceé—EA ®&-3"fA [ faktorINRRL—-"feee"¢ «
e—1"y €t t2Z% 'Afefete t° EZt"fa ott fe—< —EF ere—z@— V-
(Koizumi et al. 2016, Lehrbach & Ruvkun 2016). ‘—« feeZz ce-"2-f WSSda Uil o
sefe—@EF T e fecee Ty . sPtetick'O=Z <oSE"fe. ¢ eoc —EMQSA <= fe
(Costanzoet al. 2016). yeZtte> ALfs¥ f—'ac ae'Z«—tZe> t22% '"‘efoe—EA
T te— Efe-3 "y'fawed te<Z—EL 'O ,FcAe %o {Sveboslacteat S>T" >

trs{a “yeZiT®. . FeoeeAe aAceisA 4 f ceeze'a % <oS¢,—ET «ceos!
"ft—e—ferd ...¢ @B, —ET oFte—f-te T & e"6Z¢ «fe— t'..SZeA
f f72——&a o'of«ete TOeZFfte— —feo Sefoe<f, —FEde+SQo»s7—4
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yeZtte> $8'f"cete—06 @ Zf, "f-'at @e'Z<«—1tZe> t27% '"'efe—E~

“fet—s et —«feex WSSDBLEZGeT oof ...S"Zec— of T t—e A " —Fce— f<s
E+S' "—ee..t Ef ®ZI7<eZ7 of "' —f'Zr—c.. 0ot foe—< =3 tretes f 'AA-"
(Svobodaet al. trs{& ~“yeZtt#:.teeeAe AAEIcA & > e—2"7 —fe ‘—7eefd Efe'—
—3..8—" ""teAete " _fco eesd etf Zoet EFS oft' " t—e A of...5" 70—
e—1"% Tletes eog’ Ee'— ' EFSE s f . ef@e, >+l

"mTe A "zeA —'S'—' U EFe—— 72> U=t CACUfTres Zfeect T
STZ' teye %o tWESLlet,' E1S' "S'ted —"f"teyec Iffefeffeypec ««<
THZf—""foeyec co—F " foeweAoc Trlotefocad 7' '"3AaFeA “Z<T— "i_f'Zs—c. et f
eos’ HZf FE'TE CACTfTRef P =t 2o~ <. oWSSEORE <" A of &f %o e O

WSS1awssSELQ 7> "‘—+ “F t7'— o7 A S eZ'e " Z7es o'F <. et "Fe'e cofwe
attBa TAe> e—f"ye 5Z7' o o "5 — A 18 AU F -1 foct "y .. S

clee " __o_3AWSEda WSSEQbyly poe‘... A eAe—e3 o'f (“c..ex "te'e <of«eA "ffo
«t@E'"7f Afefeter T' et ley..S "te—'"0 '  ttsd 7' ‘eef:EaeA ‘"4t
Ve feceo "y .S —0e72..8 >Zf of WSSIAWSSEFR A e " Bef ofe"fe i

pro HA-f <cec—sA eefaes—a ‘e Zcof..F ’Ac oZ'e " 7¢R' 2xAfTete "t T

efe’t <oy S Tt —e—B  H>Zf UfTF3 it ,e3 ef’AA«celef tTEZe'—
PACTfTRey . S e——f«eA..S Ucef"BA "0Z¢ «Fe— efe’i . <c..e> eofeft
—fe'Z72-""% a

etee_" _e_ 3 o HAWSSHA HB-WsSELQbyly postupn3 “e3e'Zceof "' A .. S
AT fTher TfZ@A Tficfe-rd T STpeELBe T A A TSA cofemc T Fes
T1Z1—""7e> <o—f"foceA Tiete a a a a s f ta ZeZiftes

Cft Tfex TfUcfe—> "fee <of«ed TAPeEIFer cotts T° “<e2ZeA..S “fe—"H
PAGA416GPD-.. ...T —e' O— EA.. A EFEes'Sy 1 F=0e7..54
3é:tn _”f.oA"’-f___i o~f.(o-‘~yn_é ao:toﬁ ’é("’f~io)’/o( eo‘oe_"_eo_>»

ettt Ze'd T ,—O0e> e ZtfEA.. AWSSLlieDBIkfoete%odr>y [ z
vykazovaly po komplementaci katf Z>—<...o> <efe—< o« AVSSENFAL 27 A “fe'—>'4
sYe—fZf —fe ‘—2ceefd @tf EF —fe—' e Tfey "fe's’ TOeZitete ot

Cofo—<"—@EA.A tZFtecsA %ote  UA «< @'f—e3 " TEtier —"feetef ta
FZ% "s7'—«fe> "A. L tezet eYe U feTieAe CAATFTs ffexS eteet e

—"fee” e f A& ot> 7 Tte'"t” 7o o—77% e—Ff@Eey “yeZittea 7' ‘"3ateAd
B N cef'éA«<-3- ’"‘T_o._.,ZﬁllGQ"byty(ge.H.ywssmwslellBQ’éioioio> 1
vektoru pAG416GAL-.. ... T 7't et —ewe A TVrer_t” S& yeZtTe> ete’Zfete—fs

—fe—8 'fo —efEANEARA 1> ITHSTEING oF SZf <ot—e"Zefd Tref‘"fZ>
e ——fe—eA —QBSHDRL ¢ "eZZeA "Be—&a of —owsSEUE "deette ‘'3
®'Be, "fZf ¢ o' "fey Zi-27ZeA "te'—>’A F —%t> 'f-"exd T of "'ce
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ees’ efeA "O,t.. " t—e'"3ed 'O, —@EF oft " t—e.t of—fZr—c..
WsSSIELL6Q) v e~ fecee' "y .S | —0¢7..S *WSIHATHMBIL A .f8et +ecA A
T'—fe..SVete—cA fec > 572> —>—" ,—0Oe> "re—_f"fe> %ote' —'Fc... o
‘ti et TyeZiter 57> ‘o'~ 7e> (Balakirev—et-al.c2015). Nadprodukce
ef—fZ>—c..o> <ofe—c"eA TfU(fe—> 23 g VEGATETHFELT -"rAtef o——f ..
H115N f ssx & —s*... O,2fA$. cerevisiadenotyp *‘' —« f s e+ 0A/SSIaTDP]

e—t7y ot " CEpbfUCHBEhi v Be——4& S"efT3eAe e Z " fey. S s’ f
c—eHZ T fey. S "M —fceb of Zcefey..S of & ‘@ Tfey tUft oft'
WSSIHISN,E116K o f <™ _ fo S e‘e o _fo_s ANSSIaTOPIé " gotle ot,>7 —fo

"y foeeya Efer " 'AATfT3 of FUSfvas. ffosed . S , \DSFADDIL T ce
fPA...4 ,—Oe> ’‘e_"7WSElevykazovalpesb komplementaciwssEl6Q 7t e+

e Zxesvitalito —a .0 efoeef«—@ELTA F e Tfey ZF—7ZeA "fet—> ot
nadprodukce WssE116Q'4 fZtf f Ef ceti «ZA«' "7 DDl « peez fodttetost —f o
_efe—EA of 'aAey of,' +IDOAAWSEE =toe@® T tcs' o8 fe _7f
efekt nadprodukce WssE116Q,

K ,Efee3eA "07ZEfee+S' ~“BFIBaWSSI5fcs>Z" ~“S'tex *7' " e
T8t cete—a 'A< e—F"xe > 57> e feces'"+x DDIDAWSSL"2t,FEA ... A
—fee Mot Fes T30 f cot— < «ZeAsc “fe—'"> HAWSIBQdruliy 7 o 1o
o f—fZ>—c..o> fo—< oA oF * ofPDH"tA-AffNfeTEce'— @efwe'—a IT'F
©7"Be—— o feceetTy S | —e3e 5 HS7f eF@E'""f HAWSSEI™Zef 3°"%

TUZZTFEA LA oA FeA (T fe  SUete_cA f "S'te3 t7'—Ste «feTxte
pro prit—e...< “yoeefeetSt ool BUSQA seesZf <ot —eTZzef & "fef 7> "fe
varianty DDI1zt"—S+S* "ZfepeZ <1 .S fe3 Z3-77AS* "fe'—>'— ®'0"

cfE Tt UGS f«Zf <ofe-c< o BDMA «ffEefZ > —'& T tes

i ft—Esyoufunkcivt fex ec——f...< of —fZ>—c...o'— fo—<<——& ‘—«fe
sledovat, zda v—3..S—' |, —0¢7..S " $P--8daA ¢te_"fO "ZeA "'FT—e"foy,
WsS1EL16Q),

T eeze'd "AAZ eete—¢ ees’ "V _f'Z>—<...e> mintrahseare %, i

inaktivace ka—fZ>—<...e2 fo—<"<—> @'0s',—EF SVfefee?if.. . Ses'—0Ve7...S
(Stingele et al. 2014, Balakirev et al. 2015). Balakirevetal. "3 ¢"+ oe——t<«< 12Z% "o foe—Q
oifo_(~'~foy oos’ ~)cfw__2@/°¢fo‘~‘_ fo_(~(__é .T) o_o‘)z_CEi 020 °

—fcerd of«t of 7 fe—<"f < "foe, — &-3A f tt%"ft—ET <
T>eT3_ZFeAe Tt T fex St The'os'— 'SecWhsEWQ « I3l t ,y-4 1 of

of—fZ>—c...o> offeELQIA 7 efstAe— oofe—f fey..S "F'Zcof«sA..S "<t
v T EF d,E < emfoeA o fcerd «Ae o B0 fEds Y0P 3 o AT f Bae A

"fr—ef"d e—'84 t..vz' ‘fs’ & WHBUQfITSTEA @3- foc o— o]
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foc o2 o3 14 T'EBIEI wf1hAT “e‘eteA & "'ofTABQA o ees

T22% e—e'>Z—EF oF,1 ' ‘e ZeA " —fcord ®HrE—ET e<%ooflcef ... ,—F
fe'incf..« TfZaeA..S ,—e3«ey..S ""'—fced i«fe—2A..A...S of “'"f"> a
e— e > 7 T fey .S f —,<oTc—<o Tfey S " _tceB fo'.. < pEYSBele e
c<UoefZcoef«sA...S t"fS& "‘aetoeteA "ZZiete f o'—a@—3eA | —e3«ex f
P — @A TyeZttes o72eZFt—EA..AS' 18t cote——4 o—1"+t —efe—EAA
SSX «<eofe—<«"'TZef EfFa-—-3 tietef sfeeA SA"f “foe,> <o—1"fe«sA..S

t efeaeA sA"f "foe,> <o—F"fe«eA..S fr—ef"d —ete«teA e—e57f .. F &
Tl fel S ete—c ste'ZF et e T feyl & ZaN3S  teAee7 . Sh

Z YeZtted Ty 8 —te—B 7 fefZye— "7t ees’ T L, —eScer
Yote ' — Fc...ox "Be' TeA f "2¢— Efte'—=Z<"y...S tTlete of —— " " _ee
genu WSS1nebo DDI1 efeZ of <“'—fe.. .S le‘e_ o foces' "y I8 ‘“foaps S
CteAee? 3Gy “Z"A ‘—«fee? tHZE.f ,— —3.. 8- %oted “mefe cef AA«:
At . =737 ec of "Bt teA A& .0 "t t'ef fteA “yeZtter Zf

“yeZitestT.feceeAe AAceteA A 1,03 @fArfESeF(Z7%T @ Tfey
fenotyp e —"DDI1 SWSSle‘e’Zfefe_"f— oft "'t —e A “fr<fe—> ees’da f —
"f="exd& I 7' TAfetezeA tOBeZite— "B, 1A Ef ete,>—22 'AA—‘eeie_ f
z Y@t eesAe3ey .S " _F<eBA.. . F-07YAELF 0 oF tZ —Ft> ATt reZztf-4a %
fottes’ "6 A "f'fZtZe3 [ 'atte—f"—EA @Ze——'ot .. .te—> ,—e3«ex 'f
HU.

Z yeZtted EF 1221 *prrezZcAt. SefteAete foo "AA—‘eete_<
®'0',—ETF of T’ T deWMply o s fgceez .S "o—"7Ff EADAL «Fea'fuafoes
coA feA o fe S UetecA fe""fey "TAZ etcec Zf-3ZeAe "te's>'te
WsSIEL16Q' g f "*— et «Ze—F«eye seA feAe (Ti—fo  StletedeWiMagacfT " T —e ... <
e "e7ZeA..S 'teAets  toe 4 0 1 ,y— "re"3-Zte of @zeZft® att’
mechanismu SUMOZ < %o f «*~ + tyf WsssTp a role cysteinu C226 (Balakireet al. 2015).
At ' eZ2t2 oFd T 7'V, f <o="fe'ZFe—Z7" A FanZTY¥ . S grret o<

ttx f  ...ooe—Fce>  {x f srza of..SzetE®A..Aec ~ ' Zfe—< Troetes
‘Z<%o'et <@ f..« seS’A e—1f"7 et ezeZtte3 ' HidgdSoveE gktivity’ 6o -1
TP e——fe—eA TfU(FMNQY ‘eeg 7T 7 deW | >e_fce> {x f srza tAe>

«fe— o8 t ,y— ‘efetef ‘Z<%o 'dliNmmRfsS-Ae wis— "o I EAZSof "2
fo—<"<—fa o—1"72 ,> Ecefe o'SZf Kt—DX A “3ffee'zr8f Z—-F"ef—< 034 ‘t1,"2

“fZet «Ze—< Tretes o F 7' —¢ e——f..¢ SSX TYy'foeed e3ec— "ce7iZsA
ce5'4 «Ae UE 277 o FZf +f —eecsA P fTeA U_fra EES of1 -
F4% " ftf.f ,—Oe ocZe3 ef-3 —E$A "' ‘"3AfeA —x—' S>'i—tce> >

T8 F"cofe—a "Ac e—1"xe 5 57 7 e fecee' DPILEWSSIOPE NS B EZ
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WsSIEI6Q'4 (Ef > 37 o' —«feed ofS"faete ..5e—Fce ttx c€f Eco'— ~S*

VettzZeAs "AA fT3 > "fo —>—'  —Oe5 Wi e fPeaA— < —fe.. .S ete s
,—Oe> of Tt —eE@R...A o5

yeZttes t7y..S —Fe—-06 t127Z% efcecf«—EAA e
At .. «—Z<737%e—¢ of et LA of it —e it ees’ EF T f1HiTZef -

Tretesd kontrastu sef’‘o—"ftf—1Ze'e—A fo—<"eAS' sAe_f tletes

" ee .t ees’ T —e3xex ‘T’ T3Fc¢ of 'fe' feA ‘“Z<Te3ef cefe—c
et "itey .. 8 efCidfi®,—a. a 4 Tiote <omt " fUh—CEA..A..S
proteinem Smt3 (SIM1, SIM2, SIM1/SIM2), ani dél... A t'«4ece f EA... A a -"7-
c..Sete—c et Z et T Thelos < WSSEDRlPZLfZ1%e " Zef f A<
of —«feete 7' —«feA "@F..S —3..S—" <e—f"fe«eA...S tlexel “yeZt
¢V ZTe — T—ee ¢ ea@Bgex ‘TT3t ¢ of Ef cef’'-at,A "tttz 't-

fe—<"<—> Efae-3 .S e ofZtOf @1 tf-A= ' fticjied Ctle48p, Smt3p a
DNA.

M7 Te7 T—ee . etee_" __e_ 3 'e_"7tf@EA.. Mzporu st tEBE fZ1
studie (Stingeleet al.2014) t*efoe —EA ... A Z <eZ'e— ""'—F'Zr—c.. ok fo—<"c—>
em3_TfeAe T TfexS “he'ss' o5 f Y- ec——f .. T4 +f> t1Zt ..t
e3e “YeZfter oo™ vef f "_tce_4 EIEAe 1O0eZttets EL of"—

cAe—f ote Yo se—tcote ttx of .. Sfeces—e _>e—Fcet"x8 CatiAef
dojde k —~*Ze3eA "' —1'7Z>—« (Belakifev-et a.2015).

Nezbytnost interakce Wsslp s Cdc48pn vivo ,>Zf '”‘eZ ce Zofivislosti
SUfT — ot fZte—e3 &f...S>...tex ‘s’ [ formalddhydeni fStijngelSet
al. 2014, Balakirev et al. 2015). yeZtte> oo’ Ztoefo—f . 3 e'ee_V—e_s 'e_"Ztf
Tletes f fZ3 —efoe—EAAQ f co—1df's (A TT o9 zA “ZA« " +&
Te'—'Sc...ox "B TeA —fe ATE-2® 'atte—f"—EF Ecet '‘TeAee>
‘T3t of taeetieAtZdmeye ot . Sfeceste 'Fef feA ees’i e
ees’& of ®A..A '—eef "' —f'Zs—<c..o'— foe—<Tc—— [ foe—<"eA “fee,
se—tce' "+ (oS¢ <...F ee”et tiZt..< Tleter 'O <-4 T ETLT oo
S t..vz of sAe—' "‘me‘efesA a +tt <« ,te “foe,» &-3A .AZ'7y
0t t'..SZeei- ¢ —7",3 e'e’ZFiZ—  ees’ t..vz' ‘fs’& e—1f"y o'%..

e e—"F_ f “fe_'754 ot t(BEakirbvdddl ROI5)] .

e—(T(—f ees’ 'Ac¢ e'—«feer @-"72-3 prot8in’ Smi3p Byae f —
etie—efe—'"7ef @Stingkladtak 2014, Balakirevetal.2015)a '"‘—< 'aft..S‘eA-
e tcAe B fZF feoc<Tof oeSARGIIE I EF "—fco— of.. S%ef
Tretef «'Zt«ed of s f ta LTUBAGEFI G-f"fe.t o T.vz' -
‘t7caet "feAse> 'Ac 'Ge',teA  RATE+3 'acZitfEA “foe,® T
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D20 tte—t vteetvtTzet vac T3 cef..S>. fexSt s’ f o cof—o

A‘"onT:té)T:toa :t:o_‘ :I:A:to_ 0 :I: "y_ ~y.z¢'ro:to _~‘Zo3oA o:t__éfo(o._

‘At Aefo«t @-"I-f Forres T fotDdedBp Vi2tatt e mAe TomfTE ..
2_ ’of_(~o3 0”6_:‘}3'2(01 ‘T”~3T( of ’60‘,’¢0A S”z_ eeg’ ~y@ofoo‘_ "‘Z(
of—f, Zcoe— it gZF o< et e teBalakirev et al. 2015). Aeef et

“YeZtter o ZEgeTpter TAATIERA .S c——TcA o —5"ee3 ofeefc«—EAA 1
T«fo—eA "A..F of . . Sfoeceed ,—e3«ex ‘T''"3Ftc of "‘metoeieA a
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