03569 X 935b0d300l LobgerMdOl Mdowobol bobgedfogm »Mboggdlodgdo

9505 2o0MmB0I300

JH™85@0b0oL 8m0x035:305 3933H0IOO dBOMMIAWE MO0
9mgdggdolsls bsbsbdme 0bogoqddo

05. 04. 16 - 49693035
QOLYOES(305

00MEMA00l MIEGHMOOL 53509d0MO boMolbol dmbisdmz9dws©

LsdgEbogem bgddemazsbgargdo:

090905P 0951539, 3OMBILMOO,
0Mmomyools 393609M9dsms MJGHMMO

0065006 X mbsdg, sbmE0MYOMWo 3OHMBILMOO,
0000l 9936096090505 MmGHMEMO

d0EobO
2015



Lo BgUOBOMN0 i 4
2. @OGIMIGIMOL FOTMMDOEITO .ttt e e 7
2.1 JOH0B5GH0bol LEHOMIEIOMEO MORIBOBIGO . veveieiiieieirieiireieereieeete et 7
2.2 4603530606 GMBJ3099H0 FobOBOSMGIIGDO......eveeeiieiiiieieiereieieieteiiees s sesesese e senes 10
221 50530560 396m0L BEMSFOWIMO BOIOGIDO et 10

222 5360m396¢O@0 JO@mInbemdgdol Ag - 000 B0M™MZ9305M60%gdgwo

106900 458m3egbol LobIoMg S YobsFo GOl MI30LGOMMGES. ...ceeeeeenennenee. 12

223  C-LEH®MISHMON0 3GBHIOMIOMDIBHOBO ..cveiiiiiiit i 15
2.2.4 3300999 JOMBSGHO0MTMOOBO FOBILIGVO vt 16

2.3 46msBHobol 3m@0E035305 IVIMIIOB OMBIBA0.......ceveieiiiiciciicie e 19
2.4 4GB0 LEIEHMOMEO 33P0 BIOO 1530090 WOZIFFOMIBO ....vvnevncveeanene 24

2.5 509mHMLIWIOMDBO, HMAMO3 51530796 SbMFOMIIMWO 3500MEMYR0s S Lo 369G 03MNOO

OSB8I B0 - e 25
2.5.1 5009 MbZGOMBOB FoMMYPIOGDO ... 25

2.6 393(H0YIM0 BOMMIAMIGHMMIO0 © TS0 OHMEO ,,OJHYIIMWO MGS6OBIOL

JOMISGH0bOL BBJG0MBOMADITO. ... oo 28

2.7 99350005 BOMEIMPONOO SFEOGOMS . evteiiiieieieii ettt 32

3. 330930 FoLOE0S QO FJOIMMOO3IO wevivirininiininiiiiiiieiiert ettt er e st 36
3.1 BOUOMNS et 36
3.1.1 BOMOGYIOIBUIGOO .ttt ettt a et ne s 36

3.2 2590949690990 TJOIMOIDO ..ot 37
3.2.1 50580560l 396r08396M 0o LOLLEOL WOIRMEFOGIOOL FMNWEHOZOMYOS ... 37

3.2.2 JH@IMBMTIN0 TYYEIGOTVO ervvirieeiiereiereeeieieietereeere st ere st e et st st see et see e 37

3.2.3 5d&H0wm0 d0MHMZ530L MMRBOBIGMMMS ORIMIB30wo Tgrgd3s (39M3Ebom
003692053001 BIOIMIQOO) .ot 38

3.2.4 ©oxgMgb0MgdmEo 135606Mm9d0l JolzMMmI>WMMOTYEHOH0Eo IJNMO ................39

3.2.5 LESHOMIGHMIOMEO 3900396GHOMO 393 IOMIOMTSGObOL Jgmqd30oL dgommeo (C-

OGBOMIGOO) e ettt e e 39
3.2.6 9309 JOMASEGH0EMSTMOHOLO 35331000 (dy) 290mgzeErgbols IgoMEOgs ........ 40
4. 9009010 3993500L 965¢0BO QOO FOBUXS wviveeiieiiiiictreteree s 42



4.1 39330©O0  BOMOYIRGHMMIO0L  (dBMBbmygbols o 3mOGHeagbol)  gogangbo
JOMIMbemToms  909MH30gdol  T9d3gero X 69gdol  Lobdomgbg  bobsbdmen

4.2 39330M0 d0MMmIAMOGHMOHIO0L  453wgbs MHOdMLMINo 30LGHMMbIdOL og@03mdsBY

(LobmyBMEOO 3BIM3gLYdOL 06EHYBLOZMBsBY) bobsBTMw 0bEOZ30@IITO.......cvceiiiii 48
4.3 d6H@bbmygbols s 3mMEgBOL 393¢gbs 39@gMHmdMHMIsEHobobozool mbybg............... 61
4.4 306353960 4o3wgbs 3960(3963HOMIIOH bGHMMIGHOME 393 gHmdOmIsEobodby....... 64
4.5 3933H0MH0 dOMMIQIGHMOYOOL 253w9bs d30gmen JOHMT>EH0EMS FMMOL 533w gdHY
- 35399GGWO 39AIOMIOMAIBODDY ... 68

4.6 49bmINm0o  356599GHMYO0L  3MOgJ30d S0YOHMLIWIOHMDBOm 5350090 bsbsbdwmen
060030009080 JOMToEH0bol F5dMmEPOROEOMYIdYI0 53963 Jd0L BYIMJIGEIOOBSL ......cveene 76
4.6.1 93009 JOMIEH0EMSTMMOLO 353300l 35M0BJWMBS SIMYIOHMULZgOHMDOm
05535009099 bobsBde 0bEOZ0IVTO.. ...t 83

462 Ag 3060Hm3530L MmMob0BoGMOms LobdoMy sMGOHMLZIOMDBO0 535 YININ
b56HTME OBLOZOMIOTO. ... e e 8D

QOOUIZBDO- v ettt e st h ettt et et 88
239902g9BGOMII0 COOGEGOIETYEID vttt 90
AOBTIOBGIGOO .t saet et 104



1. 3gbogsemo
0990L 5gGsEmds.

93320003 YxOIdo  899330MHIMB0mMdOL  BEHOYIHNON  IOOIIWL

Do60MoagbL  JOHmAsEHobo - b93egm3mHMmEHgobmwo 3md3wgduo, H®Igwoi goagds
©63-b, Bdm3zs60 30gdol - 3oLEHMBYIOOL 96 3OIMEHT0bgdOLIRD, 5539 (30egdoL, MHBT-U,

3b00900U, 35 30dobs @S Foabowmdol 0mbgdoLogysb, LsgsGsmmms - 3060l 0mbgdog.
JO™3s@obo 9939909356935  93039693H03MO  BMEOGB0ZS30L - 3965 gMbdi0mco
9paMdsMgmMdoL (335 gdoE™dSL  Fomdo 63 gmGHoEMOO  M9b5808©I30rMdYOOL
33000l 356M9dg, OMIGoE IMZ5WIXMJO0560 MEORBOBTGOOL 45630M56Mgd0LS s
73bJ30mboMgdol  MgyMwsgool  Logwydzgwros. 3965369 Hergddo  IRmM3s
96535cMoibmzsbo  Imbs3gdgdo, MHMIwgdog  dJommomgdgh, ®md 9303969303960
360Hm 39900 8603369 M356 MMl SO gd96 Lsbogmabarm gmbdiogdol MHgamwsEosdo
™bBH™MqbgBol 230569 93H93DY. 39M3ME, BIMIOOLLL SO0 5938 FgOEocmdOL
36OHMR0WYO0L  BoM0MAsLIE9005b  (33€0EgdgdL. 3960 MdID, MMI gl 3GMEYLYdO
396930396 30b6GHOML 9939909d569ds. BB3969005, MM IBMYOOLLL 930969303900
93795300L  30Mm3gLgddo 5394356 OHMWL  SLOWWIAL  JOHMTsBH0boL  3mbgbLsE0s
(39390mdO™A5BH0b0BOE0s), M3 SLogmeb gohmo 0figg3L 29bms  BMbd0mbomgdols
Q5939009d5L.  5853OMWS, JOMIdEH0bol 3OHMYMguYe  39@gMHMIOMIsEH0b0BoEoL
056 BEgal M9g356M5300L 06FHIBLOZMdIOL WOJ390MGds s TYLodsToL, FMEHSEOIMO
30390 25de0gc9gds (Lezhava, 1980, 1984, 2001, 2006). JO3sEobols dm©on03s3ool
do6oms©  994o60BadL, OHMYMOE  36MdOE0s, [oMmBmoyabl:  3oLEGHMbMMo 3oL
90033035309, 30LEHMBIOOL  539BHO0MIOS s BMLBRMOOOMGdS, b3 gmlimdgdol
90Mm©Y009ds, ©bI-bd s  JOMIsEobol dgmowo®mgds (Herranz and Esteller, 2007;
Canzio et al,, 2013; Li and Zhang, 2014). gb 36Hm3gLbgdo ™30l dbBMOZ, 9939900gds0MYdS
(339 9050MAL 356339990 53963HJO0m Bgdmddggdol 306HmdIdTO0.

JOIMBMIsms  BEGOWJGHMOM-(5mEIbMIM030  ©IMM393900L  ©MbY, BOMM3530L
MmOQ960DsGHMO™MS  5dBH03mds s dbmEosgoco  BsB3969d9wr0, 309w
JOMISGH0MMM0Lo  3533wgdool  Lobdody,  396M0396GHOo  C-LEHOIGHWOWwo
39¢90mgOMI>EGH0b0L 35600509 mds - gi JOMTSEH0bol dYMBsMgMdol ol BwbJ3z0MMo



Foboliosmgdgd0s, MMIWYdIOE (339¢g05MOL MBbEMAIbaBOL OHMyMOE sMgMw, oby
330969  93939d%g (Lezhava, 2001; Okuda et al., 2002). b6sbggbgdos sbg3zg, G0d
mbBH™MabgBol 230569  9BHI3BY gu (339 dsEMBS  JOMTsEH0bol  3BMyGglro
30bbLs00L - 393 gMHmdO™mds@obobszool 9ggaos (Lezhava, 2001, 2006).

mbGH™MaqbgBol  g3056@gen  9BHs3Bg  JOMIMLMIMO  535MBGHOL (339 9dIEMOOL
3069930006 Fgb5degdMdOL TGLHogzes Ms30LMO35 59 WYOEEMO0Ss, 3P0 JoMOMIO
M0 39090530 LimOgo 39GH9OMIOMTsEH0b0DI3000 256300MdGdM JOHMIMBMIsms
53694300 Bsbsliosmgdgdol (335¢05@MdsL 9b0Fgds (Lezhava, 2001; Lezhava et al,,
2004, 2015). 565 530Ld, 3MIDEGIoL 5@ Iomdol oBgdl ol QoM9gdmgdsE, GMI
JO035@G0bol  dyMBsmgmdol  (335gdsEMdS  MBEMYgbgBol  g3056g  9B3BY
053538009005 3TGMLGIHBOL  MM3935Lmb, o3 Tglodsdobo, ™mMysboBIoL
196J305m 56smMbMdOm 35635l 0f)393L. 3BMdOO0s, MM dYMgdOL 3O MEgLdo
JO™I5EGH0b0l 8030353058056  SLMEOMIOME0s BOYO 935000 JOOLS, MIMTJEMS
LOBdGOOL 3500MEIMA0GOL F05336909D. 35MPMEOMAO5MS 5T X ATB0WIL FoblsMoMGdm
0b@9Mgbl,  Gomommm  253MEggdol  45dm,  ofjgg3l  sMgMHMUIgHMmbDo,  MMIEOL
3560539L353053, 99000b393505 O MAMOZgLMBST0, bobEsBIM sbs3do begds (Stary,
1992; Lusis, 2004).

0™ EOMOL WoGJMHSEGOo dmbs3g090000 ©HYIBOE0s, OHMT JOHMIsEH0bol
950m©0x8030M909w0  9BJGH0m  bslosmgds  393GH0VIO0  BOMMYYMWSGHMGMYOO.
3bmdowos GMI  3933H0O  B0MMIAMWIGHMOJIL  Imddggdol FsGonm  B3gdG®o
bobosmMPd® s 3MMEEO0bs30sl  figgab  IMozsxMg0sbo  LoLEgdgdol
396300560905L5 O BMBI30MbOMYdL. 39Mdm, b5B3969d05, MM ogsygbols (Lys-Glu-
Asp-Ala) s 930¢owmbol (Ala-Glu-Asp-Gly) B99mddggdoboll 50w sgd3l edggdols
360Hm39bdo 39¢9OHMgOMIsEH060D9dMmo JOMIsEobol ©g3mbgbLsosl, M3 IdYMHYdOL
360Hm3gLBy Bgdmgdgdols s LOdYMHOL  3500MEWMA0JOOL  gob3z0MacPdOL 369396300
9939JAHMO L3O gdSE dobobogds (Lezhava and Jokhadze, 2007; Khavinson et al., 2002,
2004, 2014).

59 FOHodo 256L539M9d M 063gMgbl 0dgbls doMMmYGMWSBHMOMS sboEro 3WsLOL -
0Mmbbmygbols  (Ala-Glu-Asp-Leu) o 3m®@Eogqbol  (Ala-Glu-Asp-Pro) dgbfiogarsg,



I gdoE 9SJGHOMMO®© 259m0Yygbhgds 3M5JGH03ME 39M0sG®05d0 s Tgufogzeowo v
560l JOMI>EH06Bg o000 859M©OBOE0MYdIE0 ImJdgdol M35 BsbBOOLO.

153MBseal JoBsbo. 50606 0Esb  godmdEobscyg, dmEgdmwo MMl  FoBBL
Do0moygbs 393G0©MM0  B0MMGRMWSGMMGOOL - gOHm3MmEH)dEmmgdol
950m0x8030M909w0  dmgdggdol  dgbfiogws  3wobozm®s  xsbIGmaw o
39O IOMHBOM 53500 bobsBIMw 0bozoms 39bmIby s Tgliadsdobs,
9o 8096 3933000 3960mFMM0 Bsbolinsmgdgdols 3mEM9J300L Mbs®mol ogbs.

330930L 30BboL o530l sLEBYEO 0ym G9dYR0 s9mEIbgdO:

1. 3933060  30MmGMIRMoG™MMIool  go3wgbols  dglfogws  JOHMBMLMBoms
399653309006 LobdoMgbBg  bobEIBIM  0bogzoms s vMYOHMUZWIOHMBOom
QY9350 ™MS  NYXMJ©gd0do, Mg JOMIsEGobol  30mbgblsgool  baGolbol
(339 90500™d0L 9851900l LT s gdsl 0dEY3o.

2. 5dBHoMMH0 BOOMZO30L  MOYB0BIGMMGOOL S 930MEIBGHOME  JOMIMBMIsmS
sbME0s30900L  LObJoMOLs, S Fgbsdsdols, LObmgHBMOMHO 3MMEgLYdOL bEIblogmdOL
39bLsBE3MS  bobsBdmewr  0bozoms @S SMYOMLIWIOMDBOM 935 JINW DS
MXMJ©OJOI0  B0MEOGYMEGHMEOGOOL  BmddgEgdolsol,  B0MH™M35305MY60BYdgo
50mb900l Ag* 8909030L gonmEols godmyqbgdoom.

3. 393300 d0MMIAMWIBHMMIIOL 253w gbols Fqlfogwrs bmyso JOHmIs@Eobols
90 Md569MdsBY bsboBIM 06030 S SMIOMUZWIOMDBOD 9350 JIIW DS
% 0909330, JOMTsEH0boL WEMdOL 356539EMIOOL (335¢g05MOOL sEPIBOL aBom,
©0x9IM9630M90)0 356060930l J030M35EMMH0TYEHM0E0 Fgm™mEOL 45dmygbgdom.

4. 393%H0O0  dOMMGAMWIGHMMJOOL  go3wgbol  Fglfogwrs  Bo3MEsGHIMO
39390mgOMIdEGH0bol  (335¢905@MdsDY s LMBs@GHOHo  ©93m3dobszools  Lobdomgby
bsb@oBIM  060300Ms S SMIOMLIWIOMDBOM  9935JPIMWMS VX M)JdJ0,
JO035GH0@M5FMMH0LO 533wl GglGol dobgwzom.

5. 39600395@M™IgOHmwo  LEGOWIGHMOMo  393H9OMIOMA>GH0bOL  (335¢05MdOL
dgbhogars  3933H0MH0  d0MMGYMIEGMM0m  bgdmddggoolsl C  -LEOWIGHMGMEo
39390mgO™I5EH 060l goblisbmzmol gomm©om, bobsbdwmw 0bozoms MxMggddo.



2. o mo@EmOol dodmboegs

2.1 g6mdsGobol LEO»MIEBHMOHMEo MMORBODIG0S

MMQMO3 9339 90060365, ©3gMHYOL Msb L3l MGMYSBEOBIOL OIS ME FmbJzosms
0506smbMmdomO 356035, @S FgLsdsAOLOE,  IBYMYOLSE  SBM0MYdIMWO
350MMy0go0L 396300560935, GOl LyxxmdzgElbsg  JOMTsGobol  sbs3MdIMO30
(339 905Mds oMoy bl. MMAMmOE 3bMdOW0s, JOHmdsGHobo ©bI-l  M¥MIME
3oLbo® 0908zl 3o 9O [oMmBMoybl, 0339 9309693 03M0 0bgMMIs3zo0l
95356M90905.

A9Mdobo ,93039693 035 (01939 OMPMOS ,9303969303IM0 WBPT>GEHO*) 30M39Ws©
39000535909 0465 30066500 »M©0bdEHmbols doge 1942 {garb, Grmames bLodyzgdol -
»39093035° o ,9303969B0 omBMYGdMEO. EOIOLIMZOL MBRGM HT0MOE 9TM0Ygbgds
OGO Gogbol doge 90-056 (ergddo Imfimadmeo 9303969@030L gobo®mEHgds -
»00@MHBNM5© /956 FgoMBMM ©F993300MYOIPO (33E0J0Jd0 396ms 86309300,
9 gd0E 56 5MHOL 49dMf3gIo (33039000 HI-I MB5T0TPY3MMDJdT0.

93099693030l IM 939w M0 Bo8wdz9w0 1385MP MM, MOEYSD 0go 6 gbgds
©63-U 306390 LEHMWYJGHMEOSL, 90989 330l §M53399wo 296900L 5gBH03MdL. U
0deg3s 0dob  sblbsl, v Go@™d sM0L, MMI  FMSZ5XMXMI0B0  MMHY60BIOL
©0x9IM9630M90M  Mx©9gddo gJudmglomEgds FbmErm® ol g9bgdo, GMIWGdos
LoFoOms domo 1393080300  3M6J300L  IbbMOEF0gWgdoLsmM30L. 93039693 030
33090900l 053090 MMYGOSL  Fo0dmoagbls ol, MHmd dsmo FgbsBMbgds bgds
MROIJOMO0  ©YMBJOoLLL. 3bmdowos,  Mmd  930g9bgbMMo  33¢0gdgd0L
3653w glmds 3e00bgds Fbmwm gOHmo MGmYIEOBIOL Logmaberol sbdsgzanmdsdo.
5053000MMo©, Y9  b3gOHdsGmbmoEls ©@s  33903bXMgdo  dmbs  ©bBI-ob
(33W0q0900, 35906 BMYoghHmo 93089693H039M0 gsdm3zw0bgds Fgodagds 45o939L
96000 MOR560D3E0 MMmdOEsb Tgmegls.

3969303900 06853008 MYOE0BIE0s,  BHMBLIMOBE0s, ©BT-U  MY3E035309,
093565305 @5 93030065305  J0dEObsMIYMBIL  LHmOg  JOmTsEobdo,  OH™Igelss
MmOQ560bs3gool  ®39gbodg  0gMsGJommo  LoxggbmMo  assBbos. JOMBsEobol
MmO2560D5300L Y39eoBY ds LoxggbEOl HoMdmoygbl 693egmlimds (Wolffe, 1998).
JO03s@Gobol 693w gmbmdmn@mo @  B963egmbmINGmo  MmEMRBoBs00l  Fggal
o685y gbL ©bI-U g0yb@MOmO Fmg3Mwgdol 3mB3sdGHoBosgos 33oMg ImEwEmdol
006™m3d0. 399693600305, O™ SLYMO 3MA35dBH0BOE0S 9O FoMTMogbl Ibmermp ©bI-L
»0089m30L°“  dmzwgbsl s dgmderos 33390000 FgBOMEML ©B3-Ls ©s ©BI-msb
“O09HNINJIgo GMIbLIO0TGE00L, Mg3e035:300L, FMPOROZSE00Ls s MY35MsE00L
0396M396GHJOOL  9dBHoWEMIOL  Fglodrgdmdgdo.  93M0RS©,  doMmzdo  ©bI-L
9mfgbeoggdmo  3m335dBHoBogos  gobsdommdgdl  49bgBHozmmo  0bxzm®mIsEzool
9500Bs300l  3OMEgLYdOL  ,0M5L3930B03MO° MY MBIIL, b gosBbos

(937 GMOMWo  Bbdaool  BsGecmadol ©OG30OM3s.  939M0MmEGHME  396mddo
7



9302969303960 (33090980 039396 29bMs FMbI30MHO IAMISMYMIOL oML
59BHoO0s6  ,398dgde“  dymdsMgmdsdo s  doModom.  ™mogolb  dbMOg,
9302969303760 MH9Mws300l  ©IMP393s>  0fj393L  FMOZ5MOEbMm3sb, dsm  BmMob
LodLogbw® 935009090l (Tsankova et al., 2007; Fitzsimons et al., 2014; Obata et al., 2015).

006OM3Mo  JOHmdsBHobo  0gmxzs MmO  doMoms© 3035, 93JOMIsG0bs s
39¢90mgmOmIs@obs (Huisinga et al., 2006). 93d6H™dsEobo 0bEghnsbme ¢xdgoqddo
©093Mb9bLoGMGOMEos s 890393l FYBHO® 9dBHO0MO GHMIBLIM0BOMYds® 4969dL. STob
Los3oMol3oMM, 39090 mgmms@obo LEAHOMIGHIOMWS© 3MbgbloMmgdmw
90 Md569Md5305 g0 06EIOHRsBOL 9633w Md580, bdoMow 23056 MHg3eroE0MgdL s
39GJLOE 56 BHESBLIOOBOMNOL.

3MbBLEOGHMEOWO0 393H9OMIOMIsGH0bo MYRMHIOL Logmabwol Asbdsgzwmdsdo sGob
©63-0l 35639mOH0500 96808 I3MIMIOL Lobom, MHMYMMOES 39M0EI6EMMIYHVIO ©s

A9 m3gemeo 156800©)360:M0900. $353MEAGHMM0 3939OMIOMIsEG0bo BMMmI0MmEYdS
IROMIO0L  B9bmG030L  (33¢0wgdol  Fglsdsdobo  (Heard, 2004).  56HLydmdL

139(3000BYdIMWo EMIGB0 BI3NWEIGHMO 39BJOMIOMT>EH06T0, CMIGELsg 9hHim©gds
Q5090 gOLMsb 393800900 39@gOmdO™mAsGHobo (Narita et al., 2003; Zhang et al,,
2005).

393 90mdmO™IsEH0bo, Gmymez Fgbo, MmO dJoMoms© BWBJ30sL SLOMEYdL: 30M39¢00 -
dolbo  3m335JBHMIM0  LEAHO®WIEHMOO0MS S  GHMIBLIOOGE00L B3YEOROME  HY3OHGLME
BOWgdmsb 3930060 ol sBgMYOL  5MOgJL3MGLOMGdSO  gbgdols s  ©bBI-U
39689mM905000 0568039I3MMdFIOL ML FoMM BHEMBLIMog0sl (Huisinga et al., 2006).
0525OoMOQ©, Joerol  ghm-9hm X- JOHmImbmdsdo oo Momgbmdom  gqbgdol
06593035300L 3Bom, 393H9OMIOMIEH0B0BE0d 509BVOIOL ,,3906m5 EMBIL® Jogrobs
05053530 Mx69gddo (Heard, 2004). dgm6g - 39390OmJOM™sEHobo  sbMmegdl
LAHOMIAHONW  OEEWDL.  FoYOWOoMsE, FobTJMMGds©  39M039bGHOMIYOH M  ©b3-Jo,
OIComs3  BWsb3oMgdMwos  JOMIMLMIsms 39bGHO™MIgOHMm  ©s  30obgdHmdmeo,
330090905 330009 JOHMTGH0EMS 393d0M0LsM30L (Bernard et al., 2001; Peters et
al., 2001; Nonaka et al., 2002; Fukagawa et al., 2004), 30693 ®dm6900l LimMs sbsfymds
(Obuse et al., 2004) ©s 930egmwo 30693HMIMOHIOOL MMH0gbEH0MGIOL goblslisBmz®a,
90@MBol OML JOHMIMBMTsms F0dogMgdol domE0gbES300l bofo®Bdmgdwsw (Pidoux
and Allshire, 2005).

1974 §gaob 5. @5 ©. ™moblbgdds (Olins A. and Olins D., 1974) J6Gmds@obols
994 EHOHMbMd03MHMb3M3Mo 459m33eg300 3bOY39L, O™ JOMTsEGH0bol BodGOEYdL
39033999 3060Mmd9030  5d3m  (3Moo  doxggdol BmETs, MMIWIdbg3  ddozgool
AbogLO@ss  obesagdmwo 10 63 osdg@®mOL dMOHMMEgdo. 3MMbdIMyds (Kornberg,
1992) 583965, Gm8 00mmgoeo 3MHomwgans dgo3o3L 150-200 & Bmdol ©bd-U dmergzmesl
@5 30LEGHMbydol 8 Imerg3marsl (H2A, H2B, H3 s H4 30L@Gmbgdols 2-2 dmerg3wmans). 0

0O gdl  dmy305690000 630 gmbmdgoo  MfmEal.  O9bGHA9bMLEHOIEGOwO
8



3bsobom 9506335, MMI 63U doxo IHBZIMYWOos  IoLEHMBMEO  AWMOMSDY -
Mgd@o09mHBg, osbermgdom 1,75 b3gmbggmerols Loboo. H2A, H2B, H3 s H4 g.4.
3960mb03m®m0o 30LGHMbydos, MHMIWIdoE JOMBsGobdo ghHm3zgds dbMEwmE S BsBsdo, dsmo
99b3GMLoS  MYYMEOMHEIOS  MIXOJOMWO  303wom. gu  3oLEM™bgdo B39 gdMO3
AG®56L3MH0BOMPYds 3 LBHIMJOS MMYIBODBYdIMO MoTYb0Tg gbologsb. H1 3obEHmbo
“)MH09MHNJI9IOL 063900 ©HI-b sdMEMYdGOMb H3 - H4 ¢g@EHemsdgemols «9d5630.
g39ws  30LGHMbobymzgol, H4-ob a06ms, b5B3969305 seGHgMbo@ovmo 3500563900
3MLgdMds, MHMIAGdIs3 BMmYoghHm dgdmbggzsdo 9godwgds 89;339¢mb b3 gmlimdol
090500396mdsdo  9MLYdIMo  356MmbozMMmo  3oLEGHM™bgd0.  3oLEHM™BIdOL  35M05BEGHME
}mM390L  Ho0dmoygbgb 3owgdo, GMIgEms LEHO®MIGHWGS doMomsEs®E gdmbggazs
3oLEMbol BEGHOMIGHMOSL, BoaEsd M30198900 MIEYbsAY Foblb3s3900s 0Tol dodm,
6Omd Mmoo B96J30M60 ©mIg6do s 9d3l  930bmIzsz5m  BIbOE3EdIOL.
0000090 30LEMbo Fodmgdbols Hs9gbodg 3mbGodBHL Wb3-msb. H3 s H4 3obGmbo
"300539Ls© 39bGH®T0 gobsagds, H2A s H2B 30 396003960H05%g. H1 3oLEmbo
doM0MOEIE P365306Md90L 3960139600 3mbEIIGJOL. 30LEH™bJdOL dBoOMZL 5d3L GO
©Mdgbo:  AWMdNWIGMwo  ©mIgbo, GMIgoz  RsODMos  3oLEHMB-30LEHMbMO
“OH09OHNJI9g05d0 30LEHMBYdOL dmbEMol mdgbols 39dzgmdom, s N-Egmdobser®o
3oLEHMbMMO 399000, OMIGoE F9PI0S B MY 15-sb 30-0g 530bmTz530L5996,
I gdog  3MLGHEGMBLWIE0MEMs©  dwogH  IMPOGBOEIMNIOME0s.  9Ju3gMH0dg6EJdTs
5h39bs, B3 30LEHMbgdOL dMEMgdo 5493w gMbmTol BsMAWIdTo MMN0YIOHNJI)WI09b
©wo0b39Mme ©bd-msb (gl 560l ©BI-L bgadgb@o 693w gmlimdol doabom) (Vaquero et al.,
2003; Obuse et al., 2004; Lezhava et al., 2006; Henikoff and Smith, 2015).

In vitro 9du39M0d9b3Hdds sB396s, GMI b3 gmlicmdol  LEHOWIGHMES  dow by
UGOOWNM0s. 58sbMsbsgg, in vivo gdudgModgbgoolols, 93969 BerMMOLEIBGHWWwO
300mGH90bol 259mygbgdom (GFP  30L@mbmsb 99mfydmwo 3Gm@Egobo), 6583969005, Grd
H2B 30L¢™bols 80geo Gom@gbmdols ssbermgdoom bsbgzs®l s H3 s H4 3ob@mbgdol
dogo  MH5mEabmdol  ssbermgdom  20%-b 5z LB3gEoxk03MMo  LogzOEMOMOZ0
MmOQ560bs30s,  Mog  Ggbodeoms  FoMdmoygbl B3 gmbmdol ©obsdozm
9 Mdo6gmdsdo JgboPmbgdol  Lodwowgdsl (Luger et al.,, 1997; Kimura et al., 2001).
505L96539, 69930 gmbmAol gl ©O0bsF03MMO FEYMISMGMDs  Tgloderms 49939
WIROIOMS OO MOMB0EL  Fgmegl.  99330MJMOOMNMOOL U BMOTS  3bMdOEos
M M03 9303969303900 39933000OJMO0MNMDS.

93029693032960  068mMTs300L  3MOMIOOL doMOMIE (BoMd M  JMMSPYOHM)
994o60390L  HotmBmMoagbl  ©bBI-L  FgmowoMmgds s  JOMIsEGobol  obsdomMo
39005d369gd0.  JOMTsGHobol  490oddbgdo  bmMEogmgds  Lsdo  d0MHOMOEO
“OH0YOHN5353006909)0 89dsb0Bdols dgdzgmdoom:

1. 30bEMmbgdol 3350 9bEHMMO IMPOGB0IS30s,

2. J6mBs3obob 53%3-sdm30gdwo MH9IMEI0MmYds O

3. J6mIsEobdo 3560560 30LEH™bgdol BsGrmgs.
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bgmo  33€00gdgd0L  3m3d0bs30900  gobobowrgds  OHmamOE3  BMbsdgb@eo
9302969303960 535390900 396930396 3mmb (Lusser et al., 2001; Grewal et al., 2002;
Imhof et al., 2003; Taverna et al., 2007).

30LE™bBgo0oL  3MBEGGHMIBLESEOMOO  3m35¢bGHWOO  IME0B03530900 [o®dmddbosb
9302969303796 33009090, Mg 2obLIBP3M396 296MmTol Lbgsalbgs »dbgdoL
736306 8ymdsMgmdsl - 3oLEHMEME 30EL. 5GHRB-IMI0IOMWO  JOHMTsEH0bob
9006930l 30900 sbgbgb JHMIsEHobols LEHOMYIBHOOL IMPOTOIs3E0SL ©bI-
3oLGHMbMMO 30639 dBHJool 3300 gdol  abom.  sLgmo  (330gdgdo  0fj39396
69300 9gmbmdgdol BsGmgzols 96 FmEowgdsl, Mg dobLabEzMagl agbms ,qoRwdgdsl” 96
3999BH0IMgOL. 35M056GHo 30LEHMbgd0 WS 0L BogEMMYd0, HMIWIdOE bs30MHMBYO9b
JO03s5@GH0bdo 53 30LEHMbYdOL BoOIMZOL, sOLYGd0 GMEL SLBMEYdIh JOHMIMBMIMWwo
504039dBHO0L,  29bms  gJudeglool, 930a969G03MM0  dgblogMgdol  FMEOIoMdOL
3MbG®Medo.

2.2 &35 0bol gmbJom®o dsbsliosmgdergdo

2.2.1 5Q530560L ggbmdols BMsgomm@mo Lso@gdo

999356003HJ00L 5 Fom TMOOL,  55d0sbol ggbmBolmZoLYE ITobolosMYdYE0s
B3 gmEG0ms 2560339000 0565900 )3MMd0L G5dEbodg sbicrol - g56d9mEMsEMdIOOL
Loboo 5MLYdIMDdS. 2obslB3939096 GBI ME (9MHMTs6gMOL Fogmergdoom AsbsYgdN)
5 g 29b6mddo oL3YMHPOMGONE AS6TJMEBSMIJOL. F9DBIFMEMSE 25T9JMMYOS©
0568000930M™d9ddo  Dbmdgdol  dobgzom  asdmgmggb  dobo - (10-20-0og
Bm3mgm@Gomemo  §g30wo) s dozmmbs@gwodmed (2-5 6.§.) gobdgmMgdsmdgdb.
BsBg9bgd0s (Haaf et al, 1996), ®m3d dobobo@gwodgdo doMmOomMs@I©  GJermdgmgdol
obEMmdWO©  5M0L  3WsLBHIO0DIOME0, F03OMLIGI0BHJd0 30 Tl  gbmddos
3989563 M@0. gb 3565136900 godmyqbgdsls 30390l LsdgoEobm 29bg@03580 Lbgoalibgs
Q0993900905 39O EH0M9OOLIMZOU.

903600mLOGIWOBHJOOL  ghHm-9hHm 3ol Lsdo  Bm3wgm@GHool  bmdol, 9. -
&®06993gmGH0©MM0  3599MmOM5Mdgd0  [omBmopqbl.  Bsbggbgdos  (Richards and
Sutherland, 1992; Weber and Wong, 1993) ©&m3d &s69dmMo GM0bm3wgmooddo
3999Mm65M0dg00L  Logmdzgwbg bgds 9.f5. ,obsdom®mo TMEo30gd0L*, Foedmddbs,
I gdolomzobsg Bodsbmdogos 53 25609MmMG0sEMOIMS  Sbergdol  Mom@gbmdoL
BO©s OMAMOE3 3960l MHYAMWOEGMOMIE, oy GHMBLEoMgds bsfowgddo. bmMdsdo
Dma09mm0  3960L5mM30L  TsbsllosMYdg0s  BHEMObMIW MGG  2o6TgmEgdoms
3960339990 MHob30. 53sLMD, oMY Bomyobolismzols sOLGdMAL 3330 IMO
(339 9050Md0L  2obLOBOZIOMO MoMmPIbMmdMH030 0bFIM3swo. by 500bdbML, G™J
Bn®doerme  5egengddo  4obdgmEgdsms Mosbgzo 8godwrgds 35(0MIdEIL  Mrodgbody
SMIMwoEsb  ®s8@gbodg  SLgMwsdEyg. Moy  990mbggzsdo  syowo  5g3L
A®06993e0gmEH0MM0 49699 9d5@MdGOOL 9Ju3sbLOSL — SLENGdOL MOMEIEMBOL DML

13930830300 300GH03wo Dr3MoL Bg300. JOMIMLMIZdBY SLgmo 9gjudsblo®mgdmwo
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&®06993mgmGo©MMo  49639MmMHgdsE™MdGOOL  mIsobsgool  MB¥bgdo  RG™
936MdbMd05Mgs 39693037900 LAHOWIBHOOL 33E0EGOOL MZLEBOOLOm, BOLOSMNYdS
35050 30930900, 3509393H9d0Ls©T0, 30506 Mg3eo3oMmgdl (Wang et al., 1999) o
0905 BMsowMEmo (Ab3MY3500) Loo@gdo (Hecht, 1969).

05300 MM0  LY0EJO0  JOMIMbMIGODY Zobgdy:  (335¢gdso  Log®dol  dJmby
3999098530 9060l - 2930l Labom, GMIgEog 39 gdMH03, MO39 JOMI>EH0IL IMO353L;
99650 F0dob Loboom; oMLlOWWgdgwo JOMI>GH0NMo 6 0BmdOHMIsEH0MWOo
0939900L  Lobom.  FMOFoWwMOO  Bso@Ggdool  Loxmdzgebg  99damddo  bggds
JO@mIMLmINwo  3MGHSE0g00L  BMOToMmYds.  MOQo  BOMIROWMHO  BsoEGHIOOLIMZ0L
53gbo0s 89933000MYMB0M 95390l b0 S FYI330MGOOL MI0BIBEH GO
bsboomo. (353999  0bo30Ms ©@s Fomo  Lobberoo  bsmglsgzgdol  MX MOl
JOMIMBMIGOBY BOIZ0O Lo0GHIOL GOMDO S 0Q039 MOS0 DOF0S 5J30.

05300 MM0 Bs0G00 3sbOoRBOE0MEI0S MO0 F0sOMMEgdom: 1. 30330530
393039 gdol Lobdomol dobgz0m, LosE Fodmoymxs 2 9@m: 1) 0dz0smo (rare ~2%)
AOMSR0WOH0  LYOE OO, OmIwgdog  JoM0MOEIEO  3WobEIds  BMWOHBHOS QS
0030QO0WHGH0 5319353980l §9JAS®. BMESE-030MdbMd0s6M] 9EHS309OL SAOWO
593L CCG 96096539300 dEOEsM 1Bbgdd0. 439w sBg JoMPs© Tgufogerowo “0830000”
Moo mo  byoGos FRAX, 6mdgwos a3b30090s xg36saomaye X bLob®™dosb
06©03000903d0. LobEM™Aol 95% gdmfzgmwos FMR-1 99600 d9@Esgoom, M@Igarol
d0BgBL FoMIMogbl 5OILEHdOWMMHO 3 b3 gmEGool 2s6d9mMgd5MdOL gJudsblos
CGG  5653MbL3M0d0Mgds FMR-1 gqbol 35680 (Coffee et al., 2002). 0dzosm0
RM2HOWMOHO  L50BHJO0  500b0dbgds TbMEME  FoM339M 06030 IOLY s  Foo
Bomglioggddo. 2) bmgswo (common ~50%) gMog0mO Bso@gdo. domo gJudMglios
016905 ©H3-300dgMH>BIL 0630d0FMM0M MY EMJIOOL STTs3900l Fggys® (Arlt
et al., 2003; Sutherland, 2003). gb M0G0 LGB0 b3BsbOS yzgas 5Esdosbdo.

ROZ0MMO0  L50EJOOL  3eollogo3sE0s d19Y3g B0dEObIMYMIL  dsmo  gjldMglools
3900373930  9396()9d0L  dobgzom. 3Ebmdowos ®sdYbodg bozm0gMgdol 0T
93M3bMd05M9 M0G0 LEOEO.

1. ®m@omdol 9553585 s ®080@0bol 0dsMrm JgMdbmdosMg BMIFOMEOO Ls0EJdO.
LHMO9g© 59 XyMBL 30939336935 5Ol BOHSZOWMMO BsoEIOoL wdgEgumds.

2. gmwondob 8753585 @5 030obols oo  MHgHBolEIBGMo,  TogMsd
©obEGHMI0E0b A s 063 OxgOMbol d0ds00d I3MmdbmdosMy (16q22).

3.Bmy090m0 SIONbYeI Ty Ol) Looo 94b3GMgloolsmzol Lo FoHMYOL
06OH™AgbMJloHoobl (BrdU), dsy. 10q25.

4. 3bmMdOwos 530939 9830©03Mobol, fudR-olbs (FwmmOHmgbmdlorHoobo)
Q5 300939060 2530965 5390w E0 LEoE OOl 9JudMgLosDY.

ROZ0MM0  LY0EJO0  50BMBIbOE0s 5580560,  3M0T5FHJdT0, oy398d0 S
d9Lsdemd 0ymU Loggr®dog 3O.
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900356%Dl,  2MM0Esl,  MOBYMBHIbOL, 8535358 s 9@T0sbol  oIBMEOGOO
JO®IMBMIgdol  FgsMgdomo  sbsgrobom 6563969005, GMI  5©s30560L  BMYsO
BMOHOWOHO  Bo0GHJOOL  Booero  3OMEI6EGHMMds 993035960 35099960L
JO0mImLmImdgddo  s©0bodbmwo  Lso@gdol  3MMmEIbGMmdols,  mMdEs  Dmaxg®
9600369 m3bo  9bLb3939dos  9Ju3Mglool LobdoMy. 0dobsmzol, GMI BMYsSWO
7960 OH0 B50EIOOL JOMIMLMIYdT0 IGdIMGMds, 0939 MMYMEOF 3939d0L, FobIL
boweo, 9 6H9ds MBS 505OHML M193¢0353099600 bGA®gLbo (Helmrich et al., 2006).

M50 MM0  LsoEgd0  FoMdmoagbgb  Gogy  Jsmmemaosms BmOI0MIOOL
993 e  LOgAdzgEl,  MMIAWIRLLIE  BHM0BMIWINEGHOEMO  45FJMMHJOIOMISMS
9Jb35B6LoOL 5535 YOGOL  MfimEgdgh.  3w0bozMMo  6odbgdol  gedmzgbs 50
55350090900l MM bgds 35306, OMEgLsE  A9TIMEgdsms  Gogbzo  dmEgdmero
3960LomM30L  3M0GH03M  DBPIIOL  sfiggL.  Bmyoghmo  SLYMO 99350 gdOLMZOL
0535b5L0509dYE05 25639gMEMIGOIMS MOELZOL BOS FEIOOMBOMO LELJGLM LYY MJOIOOL
BMOHIOMYOoLOSL  FgomDBTo, 935D FgMmOg  XAMBROLLMZ0L - FSTOMIOMO
2xM9©9d0L IgomBdo, dgbsdg xaMBdo 30 SO HTIMIOEYOMEYOS FoM3EGHOEO S
5oL, BOMIRONMH0  LS0BJOOL  9Ju3sbloom  sMOL  ob30MMdJGIMwo dmgwo  HoYo
6900996965300 s 6goMHM3MbPOM3560 8993300MWO V9350 YOJOO.

&®0b693egmEH0©MM0 3963969050 MdYdOL 99b356Lbooom 299mf3999o
Q055350090900LsM30L  TobollnsMYdI0s  BGHOE035305 - 3wobozol  ©sddodgds
05000 MoMdsT0 2553008 MML. BMPOIOMO 5350JO0L, Tog: 39bEH0byBHMbOL
J6H9gob @OML 5b63H0E035305 500b608bYds 935YBOL FoS(39FoLOL 580D F30¢qdDY.
bmy 99000bg93590, dog: JoMGHMbMGHO OLEBHOMBOOL OHML - JO0SL F30¢dDY.

2.2.2 536m395@GOWo JOHmImlimdgdol Ag - 09300 B0M™MZ5335mMysb0BYdgwo
9969d0L 359m3e9bol LobdoMy s AsbsFowgdol msgzoligdm@gds

3b53MOM030 (330 Gd9d0 5530560l 53MIM(396GOIO JOHMIMBMTZIOL SLM(30530900L
1M 306M705d0 496306MBYOME05 BOOMZH30L MOR60DIGHMOMS MHOdMLMIMwo g9bgdol
543035300l 33000939000 (foMdMmEYgboos 530Mm3EIbGHOME JOHMmIMbmdsms Im3wry
dbOOL 09653 BogOMwo doxgdol 393HgOMIOMIsEH0b0DYOMEo MHS0Mmbom), Moz Msgz0lL
393965l 9bgbl ModMLMIGdIOL BMOToMYOSDY. gu, Mo30L TbEM0OZ, oBLEBPIMH3L
00Mb193cgMm3OHMEHJ0bId0L M93mbLEMWJ300L s BNl 3MM3gLoL 3MBEMMEL
(Olson et al., 2000).

55305608 90039 530 (396GOMWOo  JOHMIMbM@AoL  dmzwg  FbsM0O, 3ol ME
d9000bg935d0, 99905 Lsdo  bsfowroliogsb: dmzwrg  UBgydgbBologsb —  GmIgwos
296599005 396GHOMIGOML H50MBMB, dogologab (,Stalk®) — HmIgarog Fo®dmoyqbl
dm3mg dbOoL IgmEs Fodb (d0MM3530L MOAB0DIGHMO0) S 35BH9M, 3mI35gEHwOO
bbgEns 30l — 056533 H3M0Lob.

50396005, O™ 50590560l 530:396GOIE JOMIMBMT05 M5BT BI3M0L oGL o

05659gH530L  5HoLOSMYOL o HBYO BoOOM 13gdBHMo  BIBMBHO3MMO (335¢gdSMOOL
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390m3mgbols,  Mo3 939300690 Mos 08 JOHMIMbmAgdol  3mbgblsgool
530 MdLMSD, Mol J93sbwmdsdol 990sb. OHMymGE BsbL, sbsdyBogmol
dogol  LogMdol 3560530980 ©s 88 396513690l BMIGdO  ©3538060GOME0S
3MbgbLso0l (330 gdsLmSb Qo 0560098009365, J6O@AMBMIgdoL
536J30mboMHgdLMb,  49693H03MO  25M9MLMIb  ©sdM30YdIMYgdom  (IIpoxodresa-
Benprosckas, 1986).

In situ 303600300l IHTsMYO0m ©OYIBOE 0465 BMT 5©T0sbOL  s™03Z9
3360m396GOWWo JOHMmIMLemdol dmzwg dbsMo 903536 g9bgdl, GMIEgdoE 93MmEOMYd9b
18s s 28s MH0odMbMImwo M®6I-gdol LobomgbL (Evans et al., 1974; de Silva et al., 2000).
00635308 MMRBOBIGHMOMS ORIMIBE0ME0 Fgrgdzol — Ag dgomOolL Asdmygbgdsd
LodMogds dobs Podmawgbowoym, MM 5Esdosbols 49bgd0, MHMIWIdOE 53MmPOMYd96
18s o 28s —-Mb3—-qoL, 259Mmbs3olol Lobom WM3s0HYOMW0s dgmMs© F0dgddo —
05659y H3M0L dog3gddo — ,,Stalk” (Heliot et al., 2000).

056533 B53M0L  dsxz3gd0, MMIWIdoE dmbsfowrgmdgb doMmgzszolb dgddbsdo (NOR),
mdgBgbows  FoMdmoygbowo 56056 39090mdmms@Gobmmwo  Msombgdoom.
00MM353m90 5353000900 393 YO MOMI>EG0bo  FgoEogl  ModMLMIME  g9bgdl,
I gdog Imbsfogmdgb 9em—9mHo dJoMoms© VXM 3Om3gldo — (30wgdoL
Lobmg®do. gb  Fowgdo  FoBLEBEOZME396  MXOIOL  BOHELL, ol JodowE o
LEAHOMIGHIO 35BsbEgdsL (Olson et al., 2000).

600mBMIMEo  3oLEGHMMbYdOL  GHOIBLIM03305 bMMEF0JEYds 9omabmMo  ©ba-
5303000900 MbI-3meodgmsbs [-oon (Matsui, Sandberg, 1985). fo@dmoddbgds ¢6I-
30dgMoBs-1-0b 3mA3gdlgdo G-MBT-0b 39690056. 0FMbMBEMOYLEIEE00L dgommoob
3980myggbgdom bsbsbos, MHMI BHEMBLIOH0d0MIds0 M-I Ls0GJdO WMIs0DYOE0S
00MH™M3530L BOOOHOWSOME 395GHMYOT0, bmerm MH63-3mE0dgMsBs- I-0b Imerg399gdo
NOR-0b 49056305 8cr53L900. 53 Imrg31egdol oo bsfowo dmgwo Mx Mmoo
303wob  gobdsgmdsdo  MBJds 53930060930 ®-MBI-ol  29bgdmsb. Matsui o
Sandberg-0s> (1985) doo@qgl sbscrmyom@o  dggaqdo Hela-bL xGgommo  bsbob
JO®IMLMIgddo  gbmygbmMo  MBI-3mw0dgmsBs-I-0l  MomEIbMdOl  goblsbrzmol
89g300-

50dmPbs, MHmd NOR 99gMbg3omso 00q09ds sbm@GHTg035 390Ebeoo (Bloom and
Goodpasture, 1976). §6H®3bmdgdo 356039396 99090306 MbsOL Fom0 3OHME M0G0 56
96930000 ©58853900L5L, M3 0dwg3s Bsxkdz9wl 3035M0 ™M™, O™ Ag-0909d30LsL
009090056 530Mm3EIBGHOMOo  JOMIMBMIZOIOL  96M830LGHMbMNOO  Bowgdo, MMIWYdO3
5059090  39603bol 0mbgdls (Matsui et al., 1986). s6M9bGHMBOWMOHO  (30¢gdO
30605 9dBHoMGms©  GHMIBLIM0BOMYOI® JOHGMEgdFo, Togced 9GS L3golgemgddo
(Verma and Rodrigues, 1985).

33939800 ©s©d960¢ 0dbs, ®MB Ag¢sxsBMMo JOHMIMbmAgdoL 39MEbwom d90gd3s
(Ag—09b606905) ©335bsl0sMYdYE0s FbMEMm© 03 BOMMZ530L MOMYBODIEGHMMMIMZOU,

Mmdwgdog  063gbLoMs©  BWbJ30mboMgdbgb 0653y  0bEHIMTFsBILS o
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36OHMmRsDsdo s v 89099306 063 gblogMds  IM3Z0IOME0s Foo BWbJ30OO
5dBH03m00bL bstolbby (Lezhava et al., 1972; Lezhava, 1999; Heliot et al., 2000; Stitou et al.,,
2000). gl 53306390930 b5dMoEgdsly 0derg3s 89308v9853mm Logwydzerosbo 303mmgbs,
M3 393960mdOMBsGH0b0Bs300 — 0965939300 553900l 3MbgblsEool MbY, sGob
d0bgbo, OHMIgwo3 9353006093 0s BOMMZH30L  MMRBODIGHMODS  5JEH03MdLMD,
dsbBY WMIs0HYOME0 5JEH0IM0 M0dMLMINMEO 96930l MHOMEIBMBSLMLE.

55305680  530m396GOWwo  JOMIMLMIGP0EL  SLME30530gd0L  BMEOI0MYdSTO
9mbsHogmdsl  0gdMmdIb  OMaMOE  3mIMEmyomEo, 93] 9M93MIMEMYO0MHO
JO@ImLmdgdo. JOmImLmdgdol Mbstro, d9ggmm©bgb ©s §oMmBdmddbsb sbmEossogdo,
3°00LsBO3Mgds MO0 JOMI>GH0EMEo  MBsdYBIZOMWo  dsxzol  sMLYOMdOm.  J.0.
JO@mIMLmIgdo 0003w dosh  SbMEoMYOMES©,  MMEILsg  99gPmdMEos  Fosmo
05659gH530o  doggdol HmIgerodg (yzowo. sbmEos3ogddo 99osb dbmermo ol
JO@IMLMIgdo,  OMIgwmsg  goskbosm  (jobsdmMdgo  06@gORsBsdo  sdBHoMo
196d30mboMgdso NOR-gd0 (Verma et al., 1983). 095350 s bbg. (Lezhava et al., 1972)
9994069l FomgdoBH03MEo  “sLem30530900L  M9bsdRBIgMMo  FmEgwo”,  GMIJO3
o0y gbL  3m0bmdobo®  Asbsfioegdol dmEawl s  LETSEgdsl  0dEg3s
d930LFo3c Mo SbME0sE05d0 §98535¢ JOHMAMLMIsms 5dEH03MmdOL ™bY. 4506335, GMI G
X3M%30L  JOMmIMbemdgdo D-Lmsb Fgsdgdom MaO™  Jomsero  LbobdoMoo  Jgo0sb
05659y H30 sbmEos309ddo (Lezhava and Dvalishvili, 1992).

56533H5300 dsx308 BIBMFH03MM0 (335090 MOOL MJYEs30d FOB30OMBYGOMW0S
NOR-0b 89964300960 57§@03mdoL Mgamws300m. 6583969800, MMT 393 gHmdmmds@obmw
05659y Ho30  dogggddo  M-Mb3-ol  F53mE0MmYdgo  FbmEmnE  Bmyoghmo  ggbos
dobofzomdo  G®mobl3M03300LsmM30L.  Fglsdsdols,  SbME0sE0sdo  JOHMAMbmIgdol
d9L30ol  SEBSMMBS ITMI0IOY0s Folo MBTYHIZMOL doxkgol 3mB3sdEHOBsEO0L
(3990mdO®AsEH0b0BE00L) bstolbby (Lezhava, 1999).

sbmEos30g00L  LobdoMg s  Agt 30M™M3530L  MMRBOBIGHMOMS  MoMm©gbmds
b56@sBIM  060300Ms  MXMJ©IdT0  LAHIGOLGHOIMM©  Lo®(dmbmo  d30M©IdS
(0056583BogOo  doxzgdol  39@9gmmdOH™BsEH0boBszool  4sdm) Lodmoemm  sbo3ol
060030009006 99s6gd0om (Lezhava and Dvalishvili, 1992; Lezhava, 2001). 53s5b096539,
g496m50Lo0g00s, OMI 3mbgbloMdMWwo MBAYDIZOWMWO doxkggdo 5O 039M3EbEgds
AgNOs-0m, M3 30000090l HOdMLMINo 496900l 0bsgE035305DY.

BsBg9bg005 NOR-0l  GHMsbL3M0330Mwo  5d3H03mdol  ©sdm30gdmwgds  Ldglby,
3b53%g, 9b03MO  XaMBBY, SLY39 YXOIIdOL  FH03DY, FoGHMBMMO  OIYMBGOOL
0oEb3vY 39 GHMS30, MX MYl Boe0xabobogosbyg (I'pabosckas u mp., 1986) s lbg.

O350 19b533Bo3M00 D xamxz30L JOHMIMbmdgdby s0fgdowo ogm 0bozowgddo
9653w Mmd0m0 Lodsbobxggdom, 9350IYMmRdo 300689 EHIOHOL LObEOMI0m; MMTsQ0
05653y H5360900 G-Xam530L JOMIMBMIODY 09O 0dbs 303ML3sEO00 5350 JOE
535000ymx3d0, 5360939 93H90b6e9396@seol Lob®m™dol dJmby obwogzodo. G xyMz30L

5360m396GOWw  JOMIMbemIgdbg MO0 9bsTB3z0MgdOL  FoMdmgdbsol,  gsgogL
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dmbs3999900m (Lezhava, 2008) dgodergds 3Jmbogl 99890 sblbs. gl 960l “3wsbogm®o
Ao30L”  mobsdaBogho  dogol  aodbbgowgdo  Bofowol Bsfioermdmogo
930S ODBS300L, MYE3036039W0 BHMIBLEPMZS300L b G-} MRl 9OHDO JOHMIMLMmol
05653y H5360)0 Mo0mboll 3035300L F9g9R0. MMT530 MbsAYDO3MD0 45939
0500908 s 99md0sm 58Mm0f30mb 530M396GOo JOMIMLMIYOOL Qom0TZgEMds
do@MBLS s g 3g0MDMEOO 2ogmRols sBsRsBsdo.

DMQ0gmH 0 53BHMOOL  SBOOm, 930Mm3EIbGHOME  JOMIMbMIsms SbMEos309d0 byl
Pymdgb  dgomBdo 98  JOMIMLBMTsms  2obYMHOEIdIMOL @S 90bodbsz9b, ™I
(93036MM3N0  GHMBLEIMIS30900 305GV  33b3Yds  5bsTYBI3MGdOL  FJmby
JO@IMLedgddo (Joens et al., 1988).

bmE0s3090d0  Bomngol  dmBsBgdmwo  BHobgbgos  21-9  JOMIMLMmIoLbmzol
50dmPBgbowos  imboll  LOBbE®MIom V935 YOMWGOLS s Too  FIMdEYdTO.
533060090696 B0 390 21-g JOHMAMLMASL QomOMTs390wo Ag-3mDoE0MHo Mdbom,
3960069L, M™I gl JOMIMBMTs BoLOSMPYIMES SBMF0SE09dT0 gligeEols FossEo MbsGom
(Yasseen and Musavi, 2001).

5060950, 3930000 Ag-0390900¢  I9BORBIHBNOO  JOHMIMBMIGOOL  MobsTYBIgOIE
doxggdls  (BLmEoEogdl) s  Ag-9909030L  0bBHIBLOZMBL  TMEOL,  IOzMYLO©
39630639005 B0 BOOMZo30L FoMMPb0bYdgo BbJz000m (Hens et al., 1980;
Trere, 2000).

00MOHMZ530L5 5 BOOMZS30L FoMmMYIBODBYdgo MBBYdOL RMBI30MboMYds, HMIEgdo3
2R Mgol 8603369 m3s69L Img3EM-2969@ 030 3MMEgLgdT30 Bmbsfowgmdgb,
MR OIO0L 9MH0-9MH® d0MOMOE Fsbolinsmgdgwls FoMdmoagbl. 5dgsb godmdpobatg,
006H™M3530L MMHP60BsGHMOGOOL FMFomdol  396MmbbmTogMHgdsms Fgbfagers Lbzolbgs
bsbosmol  gMbdiomboscmmMo 330w gdgdol  306Mdgddo,  goblogMmEgdM
9600369 mdsls 0dgbUL.

2.2.3 C-LEAHYIBHOHMEOo 393 ghmdBGMdsGHobo

3bmdowos, OHMI  JOHMIMbMTsms  (396GHOMIIOMBMD s B MIGOHIBMID  Sberml
9090569 M50mbgdo — LAMYIBHOWWOo 393 IOMIOMA>EHOBOL 2sbsygdol sEHOWgdO —
39600509 MH0s 5 93 3960509 Mdol  boMobbo 393006090 0s  JOMTsGH0bol
3MbgbLoE0sLS S FMgIMEE MMAI60DE0LMD, HMIgoa dg@gbliowso dgoaegl
Lo@gwodmémo  ©bd-b  gMsgd3ogdl.  LEAHONMIGHMOMWo  393JOMIOHMTs>EGH0boLIMZ0L
535b505mYdYE05 Fos s B3Y30B03MNM0 (3350 Jd5EMIOL FoPOO M™Y. 500b0dbgds
93006 ™ 3530060 39¢gOMIOMISEH 0690 Ho0mbgdol 999339 ™dl s Jmngero 396mdol
O2560Ds305Ls s BMBI30MmboMGdL FmEOU.

55305680  JOMIMBMIgdoL  LEGHM®WIGHMOMo  3939OHMIOMTsEGH0bol 306039 ds
3°9M33939005 ©0RgM9630sGmHo F90qd30L (C-0950Mgd0lL) FgmmEom godmsgzwobs
39390mgm™ds@0bols  Boffowmd®mogzo (3300w gdgd0, o3 gobolyBMzMs  MryMes

»300dMOR0BI0". LEHOMIEHWOO 393IOMIOMI>EH0bOL 3mE0TMmOHGZOBIOL Tgufogers
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Do0Moygbl 00  gMHmosbo  3OMdgdol  Bofoerl,  GMIgErogss ™bBma9bgHdo
39¢90mgOM™IsEGH0bol  3MbJ30mboMmgdol  356mbBMI0gMHgdgd0olL  1530L9dYMYGBIMS
239bLOBOZMY.

C-3gmom (C-08960Mgdom) godmgzergbowo bEMWIGHWOHo 393 9O MO MTsEobo,
<39GIJLPOWO© WMIsoHIdMos 1, 9 s 16 JOMIMLMIgdIOL 39Mm0396EMMIGOHYIE
50mb90Ls s IgMEs© F00993d0, s939 Y-JH ™Mbl obEsww& bsfowdo.

woRIMSGHOMo dmbs3gdgdo 330h3969396 1, 9 s 16 {yz0wo JHMIMbMIgdol C—
39¢90mgOMI>EGH0bol 35605630l 9dmboB e BE0OWMOMIL  MROIODO
3005696350 bsHydd0, 3w EH0300900L IM535¢0 fferol gobdsgwrmdsdo @y gMmo ©s
00539 0603000l Bb35sLb3s Jumzowgdol 30M39WsE MXOIOMW 3N EGHOmOTo
(Hoehn et al., 1977).

1, 9 © 16 Jomdmbemdgdol  3960396@GMM™IgGHMwo  3g@ghmdmdmds@obols ©s Y-
JO@Imbemdol  gMdgwo  dBEGOL  obEsMo  bsfowol 393 gHmdmMmds@obols
30dmOHGRoHBAOL  565¢0oBds, 80 ferolb s dgBo sbsgol 306Mgddo, dsdmsgzrobs C-
35600563H900L  bBodommmds 9, 16 §y30mgdls ©s Y-g46mdmbmds®y. omdgs 0Mds
9mb9390o 3069006 1-¢o JOMIMLemdol 396M0396GMMAgOME 39GHgOMmIOHMIsE0bdo
50060365 9o0Mglo 36083690 m3zs560 ImBs@gds C-Lgadgb@gdols (p<0,001) (Lezhava,
1999).

dqLsderms  396@G®MIGOHMo  39@gOHMIOMISEGH0boLl BMOT0MYdS 2oboLOBOZMDS 56
3OG™  396¢OHMIgM9gddo ©bI-ob L3gx30R03MYO0 MBT0TWI3OMBOm, Mg O0lYMO
354 BHMOHJO0053, MMYMOH09d0(355 ©BI-0L 890 0MYdS s 30LEHMDYIOL 53930 0MGOOL
13930803900 Lsbg.  ©BF-0L  303mIgMOWomYds @S  JOHMIMbmIMwo  ©bd-ol
UEBHIOINZ5M056EJI0 9353006000506 13930530396 3F0EdL 96 Fowsms 3MA3gdlgdl,
M3 003936 JOMIsEGobol 3mbgblsgosl (Haaf and Schmid, 2009). 5qsdosbobls 1, 9 s 16
JO0Imdgdol 396:0390EGHOMIgOHMmOo 393 90mdOH™BsEH0bols 4s8m33wg3983s A98m3e0bs
390)96OmdO™IsG0bol  doabom  dgdsty  ,eMgMwo”  g9bgdol  bgwrdobsfizmdmds
(Pendina et al., 2001). 39396 ™dOMmo@0obdo 8gds®g 4gbms 53035300 ©IMI0IOMI0S
A®56L3O0xE00L BoJGMMOL by (Lundgren et al., 2000).

2.2.4 330gme JOHMA5E0@m5dmMOoLO do(33egd0

9309 JOMTsGH0EMITIMOOLO  4533wgdol  (0dy)  BgbmIgbo  IMBsMmgmdl
3309 JOmIsGHogol  ImOOL 0BMWMm3NLME  4533w9ddo,  ©vY3gdLgdols
3M(0EI0II0  209MHmM056gd0m. T MOMEIbMdOL  2obsfogds  JOMIMLMTgdbY
OO 3OM3MOEF0W0s o0 FJIMJd0m LMoLy s Jomo Jgdsqbgwro ©bd-ob
50mgbmdoly.  dda-l Lobdomg d30MIds  LAHOMIGHWOWWOo  39GHIOMIOMIsEH0bOL
3960529008 50w gddo s  JOHMIMLMAoL  39GHgOMIOHMTsEH0bobYdME  bosfowrgddo
(Lezhava, 1999, 2001). 33— b©MLEH0 3905M9MdOL o960l Igommozol godmygbgdom
50530560l JOMIMBMIgdol 93— s 393HgMMIOHMBsEH0boBYdME Mo0mbrddo, sYgbowos

(Hoo, Perslow, 1979), ™3 9y doGoms@s@ bpgds 93JOmds@Gobmer  Hoombgddo.
16



500530560l BodOMBIBEHJOLS O WOIRMEFOGHIOMW 39 EHMMJdTdo F0MgdMEo JJRJOO
90990009096 sL530L oBHJosLMIb ghms dda-b LobdoMol Fgdzomgdsbyg (Lezhava and

Khmaladze, 1988; Lezhava, 1999; Albanesi et al., 1999; Lezhava, 2001).

©oygboos, GMI  30gm  JOHMAsGHoms MmOl 2o(33Wgd0 X 6©IOT0
900006569 Lemds@Gmo MH930dd0b5300L godmzegbss. dda-l Fo®mdmgdbs, MEowmdEs©
5oL 53530060930 0lgm BMBPITIBEHMO 2969G03 MO 3OMEILBYOMID, OMYMOOEGS
93000353309, 0193565(300. 50 3938060900l godm3zegbs 3603369 m35605 s6s TotrEHMm Tdy-U
fo60ngddbol  d9dsboBdgddo  go633930L5MZ0L,  9MWAJE  JM39M0MEHJdT0  9bgBH03MOO
3sLoEol BM6J30MboMYOOL MBROM LEWXWO F54gd0LIMZOLSS.

392-b dmg3mo 394560390056 53538060900 303M)HYOO JOMOMSPIP MM
XJAIBOI©  9OM056@Yds:  “G9350530Mw0”  303mgBol  mobsbdo,  ddy  9GobL
3LGHMI3W03030M00  Mg35M5300L  FoB3z9bgdgo s “G93e0353099M0”,  GHMIOL
0565b3oo3, ©93m3d00BS300L AoBLIBMEM309MJOMOI 930w YO0 25(Y3939d0 ©bI-do
bgds 93030090 M93c03mbgdol 3esliBgMgdol bybrgs@®y (Painter, 1980).

36md0W0s, ®MB 3M535¢0 dMBog9gbo 0fj393L Tl Ho®dmddbsl, 09d3s 4oblbagsgzgdmwo
9939396900 0630609096 Tom  QobLbZs3gdMWwo  9R9JGHMIOMdOm. olgmo  dwogHo
99393960, OMYMOH0E 350MmboHgdgEo 250mlbogzgdss, go33wgdol LYLE 0bEMOL
0o60Moy9bL, MAEs 36MBOE0s, M M3Os300L dmJdngdolsl 50O 5J3l ©bI-U
093990L, ®ob J99Y°IE bgds JOHMIMLMIMEO 539MS30900L BMO0MYdS. 599bsc,
399929056005 5053006 LG  9x39dGHWO™dS FJa-U 0bIzool  ™M3sElLsBOHoLom.
050mb0Bgdgo  godmliboggdologeb  asblbgsgzgdom, MeGMmsoolggmo Lbogqgdo dda-b
dobg 9539JGH6 0600w EHMMOL HoBmoygbqb (JlazyTka, 1990).

95050 LobdoMmom 0bEMEoMgdgb ddy-U Fsoe30e0MIdgo BogOmMgdo, MHMIEYdo3
©63-00  doxzmsdmMol  Bs39MgdgdL 0f39390. 9OUYOMBL, sxMgmzg,  olgm 396G
960036germzsbo xamxn0,  GMIMgdo3  BOHosb  TFJa-L Lobdocgl RGO
39@90Mm0oBIbY Bgdmddggdol ybom, olg, O™ MFMsEmE 56O sH056x096 29b9E03 MM
335653, 99 X3MBL 80939369d5 6030gMgdgd0, MMIgdoE 5539gMHbYdgh ©bI-I dsggol
90 Mbs300L = FoMmM3565, 5830©03MEobo s bbg. ©bd-U Mg3wozs3ool 0b30doMgdsL
3b9b96 300l LobmgBol 0b30doGHMMgdoE (35y., (303em3gdusdoo). Tglodsdobs,
3o0LEHMbgdoL  IROEOGHOL  Fodm  BIObEYdS 9GS TBMEIME  gMbysE0s,  9M8TgE
93000353000 Bbgs 894960Bdgdog.

342l BMOI0Mgdsbg dmgdgo 5296@05 30LGEHYd0boE, MMIgEwoi 330MgdL oo
50960058 08gbs@, M58gbss3g byl Mdwol ©bd-do gMmdsgosbo §9y393Hgool
$o60ngabsls (JlasyTka 1990).

OMAMO3  @oBIMsGMMSdo  dowmomgdgb, ddy-bl  Imwg3MEmdo  dgdoboHdgdol
33w930L5m30L (300090905 domo dqLhogams 060 BHmOHgdom Qo
9©0x50353MMm9d0