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Abstrakt

Centrioly j sou evol ul nBt rkuokntzuerryv ik rrodgt eunp® b & e
Vsomaticklch buRk&8ch centrioly sloug?2 jako bazsg
peri,ent ri ol §rnahae 2 matvemi | usomteromaneldne z Cenpe g pS2to
nejsou givol i gne®n®h &kGleMsterhidopl ny® njeavdzjgichKoanjaéijede nov
vgdy nutn§ pS2tomnolhleddmkjorex, sdejee2vajehtkiuol ga
nejsouvdobN oplozen2 pS2tomn® §&§dn® centrioly, je r
centrioamykap®%¥B2Rko organi sVar mdreminigd m?2mal @pZlwveda .
proxi m8l n2 v§8ldiovt §l®Mmo, tktaemus aj e k pr epermgd ol n2 u m?2
z8kl adem pro vzni k spermatick®ho bil2ku a po opl
rovnomBDr noDNAdi s torzid b Zvnl2g ed sunvidesk 0 v y pomrost §entriofve p S2 t
spermiijeus avcT eajeajciicl ndef eksgmlnfPohsterni®lsitt Ik nebo p
embryaCentrioly spermie se ale od centriol somatic
i g2 a pomtoozuonddni2gntodTemgj el pbdiwkml I reproduk]| n?2

Kl 2| ov 8§ csnthiol, ¥p@niiggentrosom, mikrotubulyh i | Saks,i n k a
at ypi ck 8renweelaceeniriolyl oap, | o meplodhost

Abstract

Centrioles are evolutionarily conserved protein structures composadrofubules. In somatic
cells, centrioles serve as the basal body of cilia and flagella and allow the assembly of pericentriolar
material, thereby creating the centrosolfithout centosome, animal cells are not capable of nuclear
division. Centrioles do not arise de novo and their formation always requires the presence of
apreexisting centriole. Since there are no centrioles in theaedhe time of fertilization, unlike
spermatozoasperm is the carrier of centrioles and therefore all of the centrioles of the emerging
organism are of paternal origihhere are two centrioles in the sperencylindrical shape proximal and
a distal one, which is perpendicular to the proxirhak spem centrioles are the basis for the formation
of the sperm flagellum and after fertilization form the mitotic spindle of the zygote, necessary for equal
DNA andcell distribution.It follows from the above that the presence of centrioles in sperm isiaksent
in mammals and defects in their structure may lead to male sterility or embryo development disorders.
However, sperm centrioles differ from somatic centrioles in their structure and behavior and

understanding these differences is one of the impoidaks tof reproductive biology.

Keywords: centriole, sperm, centrosome, microtubufigellum, cilium,

atypical centriole centrioleremodelationfertilization, infertility
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Pvod

PsphNDgn® opl ozen? Z8vi sz kromhD vaj2| ka tak® 1
vygadov8n soubor nNkol i ka ok cundps!l eoxsrt & 6§ Ard Tujde§mhed Mo 2 |
idekondenzaci patern8l nzch a mat#amon Plrviwglédalc mr o mo
mi krotubul T spermati ck®ho aster pr(Manandhariecah, apozi
2005) Defektyvk t er ®k Bt hvozud§1 ost 2 mo tudkuwa zuljt2 psreo jzaykgo tl wa
neplodnost{Schatten and Sun, 2009)

Centrosom spermie se maah§z? twe Seme dnsikniakt kk@m
a pr o XGatespy and Mathur, 1960 ent ri ol y jsou proteinov® strul
skupi nami eukaryobvantspowBletjy?ukan gRolmbing 19680 v® sl

KromhD centriol je soul8st?2 centrosomu tGokld® peric
and Borisy, 1977)St ej nD jako u somaticklch bunhDk je pS2t
nezbytn8 pro organizaci idmtl & rc B@nimkaar & | ekdons@ r ryT hnoi vl

embrya(Mazia, 1984)Cent ri ol gs ¢ s @iu ®kt po®y b stpetzimigoathi H8kaj 2
(Holstein and RooseRunge, 1981)

Centrioly se jeDivkopghaDeun§i D e jejwtodeyeneraci d o c h § :
(Schatten, 1994)NesoumRrn® rozdNl enhl|l c&wem2at olp S3lei nj edeloh
aabnor m8!l n2 h o (Simerly e 4l.el998MPVv gédn N s e pmy[sblNeliogesepdpa mv
je jedna zentriold egene nolVi@alleisket i | et 2 tedy zTst8valo z§8h
spr8vn®ho popbbludepndr spler mi e z(8ahdnanthaneenal.,rl99d) u p o
Nedr8ov vgak byl a objeveno, ¢ge distg8ln2 cent.riola
Odt ypick® centrioly se svou stavbou i proteinovl
Takto pozmDnhDn&gvéemt tizolear bt Wlpd owd® uAtypick8 cent |
typick8 centriola schopnost f or ftRishwnantetat,0i8 r os om a

Na z8&kladhn stuslavcT Tizefizde sh@gpii gileT asehtriov cent r
hrajed T1 e plivtiroeupr odu k| n2 schopnoscteintjre doil nyc ep.o skhyjte v na
pro diagnostick®paotérm®d pautmugls® ®s threptl ®glin@st i a |
| amd ch vivojovT tysi ckdd cemdd rmiyladkl @AKMT2gl ovou strukturo
sper mmnkyr ®Kk n 2| |doTvkiakzay vug aFKshmnzan ¢t &l.n2018h y b 2

Tato pr8ce setabypbpvdt it nchifuBIBCentribsoagvecn2 a j e i
Y1 o h oaprodukci. VzZ§ j e mn I porovng8vs centrioly somati ckl
aupozor Ruje ndaheputhjeordk®PyS8§d Rodeepfatomnesi
centriol Pdsrlazdn®? |kiagpa.t m$2al ij e§ m NsntoseGaviem dentriols poj o v
cogj wdenegnfeddbpPDako st 8le aktu8l nhjg?2 t ®ma.



C2l e prs8ce

C2lem t®t o bakal 8§Ssk® pr&8§ce je shrnout admsavadn
zej mBenmat r i odt ¢ apec8imMBSuj e na:

(1) popi s a sparvdown&me2nt ri ol somaticklch bunhDk a

(2) popis a porovngn? funkc? centri ol somati c
spermatogenezi a gpeEormnidadgkd mezan ,t rdlkjt2uc hs avmi ¢
oplozen?, pSiendinypdemezien? a v

B) objasnhNn2 mognilch phHéstavemcenttiokr i | ity souvi sej



1. Stavba centriol

1.1 Struktura a slogen2 centri ol

1.1.1 Struktura a slogen?2 centriol somati ckl

Centrosomji vol i gnTch bunhDk je orglhned & jpyStroepnd & 8 ma
centriol( obr .Tehns.e 1z)a nor m8l n2ch okolnost? duplki kuj e |
mitotickim p-1ovim v Sdbsamjekeinm.novd a Gedrarmw Setriol®n k o
(Robbins, 1968)Centrosom jész ¢ e  sbpuonj el nn Tsmm g Shd§ zeint, 9 p |l @asjmddd ¢ Ms @ N |
me mbr, 8nkyt ere® oj &l ¥zkosti (Bornens 197p)Ceontticlygsauvy & & ovi t ®
proteinov® st r uk t(aarly0500nn\ezf8ivni osviaons® i g @acTeim@p u b u Rk
250 nm) s| odyeevné@t ik ul §r nN tru p brei &% doataubbkuhloTpapht 2 t bl §r n
lumenT at o st acenbrialjedhyh €] v Nt g2 ch prote(WonwnéyhasdrQ&T a
2014) Strukturaap r ot e o eca®iols ¢ e v ol ul n D(CdvalmeSantosvebal/, 201
Givol igny®mBjudi wou dv D cneanztirviaol2yadmaktGaedEk Gsie um2 st N
kolmo ks o ¥Manandhar and Schatten, 2000)i c m®n N buRky se spmahoual i z oV :
m2t ag st ¢(Borkeps, 20@2)7tdr8i wsle, ggpygmajhPkcentr osomy, k
povagov&myni zzuaj 2 ¢ i kecreonttMB&C) TSchnackenberg, 1999)Centrioly
i centosomy jsou samr e p r o d w&kentitaticakunpi | i kpurf PbRBkeu kagd®ho bunil

v synchronizaci€ hr o mo z o m§ | (Ma&zia 19874 k | e m

Mikrotubulyvt r i pl et ech |j sou o0z nZahloavvdm?y gdksommoeipnay g W), e E
tvoSenT 13 protofilamenty ve tvaAuwakidplue tdng?l heo
napojeny mikrotubulyBaC Wi ney and O®elmtorlieg! y2 0jls4dogu sl ogeny ze
j edn® gtorsamMic® hzo konce na st?tanD JeujhRo uSrpagteialen 2n
konej e 0z naalje®bEmaer o gonexjalkfpi.l kMi kr ot ubst gbmdomasmsvIi m
koncem ukotveny dRorngnss 8002p « €[rstt r opsroonbud-thigb upl S i ndo§vvi §cnh
podjednotek k o s t o plus RontigMcintosh, 1984)

Centriolam §schopnost sp Si ¢ tbyutnifX| nk® me mbr §tnZdv .a kwamd$lin2 sten|
kt er ®h®p rviymsTrsntd o hy b Inebolgi 1SmE 2 m& dN( o tpre.(Amfierson And
Brenner, 1971) Mik r ot ubul §r n?2 kogditr &i luzviknu ,t S k tSehds mm g m2 Kk !
centriol 8rn2obl ans kr ot obub@cmdmrmrﬁqaﬂa'mmeeetal.m%)
Axonema z c addd V2 t i i & @ irsgmemiizentrioy pSen§genou baaflen2miist O
dev2timftgdmd epdle v b o v(BeiténtoerDids, 2013)Ob e ¢ ngdhybi® Sasi nka
| i dizlvik 9+2 symetrii, cog znamen§, e ve stSedu
kterT |eewdtil omiekr @it ubul §r n2 mi dubl et y. Nepohyhbl
avykazuj 2?2 t e (Ripark=liienal.f2012) 9+0



Kr omnD deeentrosombe b § earkt® vz. peri cent ri olteBlyl2 hdbS2mae e
povagovs8n (Gauld andhBaridy,n1®77)n c m@®relt ent n2 studie dok8za
znNDkoli ka radi 8§l n2céi wF sum¥s tsprelc@Ménneatisked dt d201d)e ot r i o
Tyto proteinyjsou ukotveny K umen centri ol vy, kter8 sl(@uegat, jako
2003)Ve v nit Sn2n averhs§hze? tlirg Gepl52a pericentrimm v e GepldPa 4 2
tubulin (Sonnen et al., 2013Anal Tza architektury PCMTyedwgja&hm
bi ochemi ck®bshbgjeostoviPy ot Eamlow® Kloanpeélexny PCM t
mi krotubul y, ckeretrr@ svoynsut ugp ug MmN Sy A NIsrk® z fVeildelt ror M s
1999) Astr 8l nz2 mi krotububygaappméhapunBbon@h®8koat os
dNIl 2 c2 ho(Mentlatet®al. k2014)Pr ot ei ny PCidi vicalk®r hobhg§# n?2 du
apravdhDpotdobhD &a w¥ozpadDammarmainena® 2084 si nky
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Obr §zek St.aviba cent f bs ({BetencaurTiag, 2013) k y

V 1 8§mci netemernermhodncbtrukturo,cillscjte%nrt®'smi§3,§ou90éenou
triplety (Paintkandetal, 992Dt eSimentriola ve sv®m proxi m!
struktury t zv. kol ovr @¢ektr Ktrer Tt jebiskododgae®dd ajobkp ap
zpaprskT sé&tpbiup ej unji & rlot ukboul | o8vrrn§?t hedk , tp rkijt pele e ws§ n 2 2
pr&vn d2ky (W e®my twadr 6 Tjoeo | mperzad2y®Ipdi)§ vnou f or mac
avprocesu tvorby centriol dee2bb] Eadp®l (Andcksery me v n ? -
and Brenner, 1971 | | ov Dkhl &y h 2cjeank arg8klamp?a ptrisdkéTh € eproteik o v § n
Sasbap ol ehhA M pap rvs ch8zh? njaecgt N (Kraatz etali, 2016Cem1I 35 ol 8r n -
l umen di st 8l nl2 ascmdentkod toavtr Slt rkihiv g me z lpoumeddip® obsahuj
centrin Pocb en Nk ol i k dal(g&°cnhc z y.r,Noat 2e0v IeAR)jr gg¥nkIr om ubul 8r n?2
senach§z? vin@k naej i ktherp& ospmgun2chuvhobd2 cchentrbseb
Vzd8l enost mee i N &L NFddinan etralndCco7)



Struktur 8l n2z sl ogiteshto de mtcrheshovmk e iso bFE M2 n
centrosom8lnzm matcexnggnBokaspZ®REeBnhoi oly |jsou s
zmnohaewo | ul nN konzer Aarquiatard Nigg, 2016NuU &i BRce centri ol |
dviDma PCMkpeo®eaiphk p o pcentiolls Cefp92a Cepl52(Blachon et al., 2008)

Tyto dva proteinyma j 2 s c hopinmo8lkduky 8z &t r egul uj e centriol §r
(O6Connel | .P&i &lor ma200Mm) kr ot ubul §r mproteiyCefllBSy cent r
aCENPJz n § mT t @RAR(Hijng ét al., 2000)Proteiny Poclb, Pé¢ Cetr2 a Cetnv y p | Ruj 2
lumen centrioly &Ce@95v § e P CM pentrole (Salisbyry et al.,, 2002)Centrosom ai
centrioly neaomda ahugl2k od § dnoluy | a vepeh2ttroonsnoonsut pR NA §
pravdB@odhem?2 pro jelExifStthiFEe2n® esemati Gunkce RNAs v Dt | u
vcentrosomuRNA zde sl p$@dl glm&kopra)organi zaci mikrotub
b)nezbytn8 soul §st pro seaebbalh@&e? ntumklehuh &r oeéntcn
mMRNAI pr ot ei nT, kt éviarghallnfRdNRAsertbauch,2P03)

1.1.2 Rozd2l mezi mateSskou a dceSinou centr

Cent i olp8mn2 tedy mat eSs(kosbra dscee Dijinefn ethaeurolrii go?l a
(Paintrand et al., 1992a | e i funkc?2. MateSsk§8 centirfleodraaljS s
dceSing centr BofpdSei dkctheorz& hvoz nbi ukn§N | vn8@®h o% cdy®kl | kuy, nuhot se:
centrioly(Bornens, 2012Mat e Ss k § cketnetrr§i oblyd ej Mm@t v 01S,e5 sgomdn er a c i
dceSin® odl idywojue spaSP tppomndehktt2e i ® prSa& o iNS IcdiildshhoSyicrh2§ z e
konei tzv.di st §DARPas lu b d i s BOAP)PSE v. ISehépist nukleovat mikrotubuly
viejich bl2zzkosti maj2 obhN centsivddDpR (Picdétal., pouze
20000PSi popAPma& mpl asmati ckou meimdb3Sn® darRtkryi cley zst §\
kt er8kljeed em pr oa vk ifDakdeBah, £006) e k

Mother Cenltrialke

cartwheel
fip lumen
8

Daughter Centriole

Obr§zebetlai RP: stavby mat e $widoPRess addcFest8riam 2193 e n't r
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VDAPbyl | okalizdé8n phteréi h e@epost v@rdshriete Smak i n
al.,2007)Baz 81 nZzbit NI Rs keopge?P mbess puoen? (Boreenst 202PAPMU  z Yy g C
asDAPj sou vz8&§jemn® odlign® struktouwbw & aofehRikneijt gz
ani pro formaci (Mazketal.t2016Mé §s meé h omit2ecShs&ksSa aremg 23 ol ¢
d8l e od j&8dra, nazlv8&§me jaktpdgxidm&lt®d nePC)OC) prac
j 8 dr u(Gabehb¥ and Mathur, 1960)

VG1 f8§zi bunhDln®ho cyklu je pl kddvrgtvolnRC8l mat e S
aformujeSasi nkije ptosSF®ze v.ovSf@génadoch§zt2v oprSeMewvagy @
centrioly (procentrioly), toh®2 of ®zio cmeastue Sk ¥ aes
PCM, kterT m§& schopnost nulklceowaastt ea .u kdctevSd wnmat crein
od mateSsk® a tproBBNDhdur uMT f Slxde Smant§ev/Scseknst rii ol a t v
dvoumi t otickich p-lovich vSet ®@mdak.i plB&r 58 Bd/IB] emmazt elf
adceSi nou cjednutzd d eoS iorul @dlazzp etal.MOIRKr ozd Nl en2 w&muri ol
doch®zTbwWhu | i bezprto®t Sefd®Ni pmat ek zientvri ol a
centr a,dczdti2nBc ani gr u j(Riel es&.r2@00)c yt op | as mu

113Struktura a slogen?2 centriol spermie

Ancestr 8l n?2 primitivn2 sper msdcevnlXliyl | ppThwoodun Ix
sy me( oh r2. (Bakcetti ahid Afzelius, 1976)J mnoha ¢gi v olpioczhdiD s e romig2e m
vyvinula struktura nazlipozejgokehb @kdolobrsad u@égedetu cent
al, 2010) Nej novDRDj 1 c m®ala 2ujmrNkt geulhah dr kterTch byl
ident i fi kov&na pS2tomnoséd Ve nalleRleldn dsediv um &t ypi ck

centriola(Fishman et al., 2018)

ObecnhN bychom mohl asBfch, vieosgemitbhsg&dmi c &l
bunm&j 2 velice potdomincdue®ns@rid wd vy jseokmmb i .&/k[p. SR PYaw 0Nk
savl2ch sper mi? mg& ran§ sper maRCM,a Idtvdd Tt yfpad rcrkud)
(Palermo, 1997)St ej nN jako u MTOC somaticklich bunhRk je
kl2] ovg pro organizaci amht et h@&iRdthi®c k® Bhziay S enti ®m k
1984)Jedi nTm rozd?2| esnasle? zdBe bhd & ¢ iRjplryelli @ al.t 2012)S 2
Ov g eemtioly vp oz d n 2 f $perinieses dvou stavbood centro | sper mpetmatdy t T a
ponDBDku\p olzidgn22. f §z i gammebgenekbmdoetds§ua? g&m2 dpokn
chromosomT a ekyviWmhtlge nncae , dbedgoseritiobesnefmui z , Ske§l2e )t ent o
probl ®m el iminap ToOOhur iowlge o atwwmyep o ua il m2 e c?e nc
vzni kaj 2 cp?omsuk yjt eodvi §Boverg p887) mi 2



Uz r alsTpeetrsmivial§zneme centrioly gblastik r |, k k t er T s pobiulj2ek hl a
spermiel obr .Cédnt r3)som sper mi e | gZawmdor ¢ alnl9Zga t syqu cc kB i |

DC, k tsarr& kjikadn mp B plzmDu@m@ac esu zvan®m oddace(viz o0 s o m§ |
d § I(Féshman etal., 2018PCs e nach&r? kuvedth 88| nkydkbavil ky spe
avykazujetypickoud ev 2t i | | ennou-9r atdrii8pllnet Ts yjneeu arcbapeh@ d § no

PCM. Tuto symetrii naleznemeumo di f i R@Q v akns@ r Bac h 8 P& kadlemor okv nob I
sbi| 2 kematotppeorsntiaev en2 j e pbd 2| okdun @ Iphreom (Hslgiearreodi o g e n e
RoosenRunge, 1981DC f unguj e jako baz8kentr€8Dh2zskmokbiot buwl
bil2ku (bil2ky zachoWw&WMajs2poURZPS4 Emshtinr dv du kodl| g
centriolp Sed o pblyolzae niz ml | o w0 kna o éaonksSnri Sma2 el e kjtird npS e®d mi
t ®mNS @@athararhary et al., 19989 p o | edemridlamssevkr | ku s peh®izé t aké¢
speci alPCMawa&mll tjzako | | enikapi@luns | kuppkyYy @bkl opuj? 0
(Fawcett and Philips, 1969)yb Dhem di f er em@aiha @ae ug B e (Lindgniaimdarid P C M
Lesich, 2016)Kapi t ul um s e nacthkdzh?l apro d k ez s &@kew 2mji ¢ e $§ e mo v §
dev2ti | 1 enitT mi sl ouwmklj,g2 kit erv® § K syan k siploy jeas®
sekmi kr ot ulruilp8ren2Tnm c e fSathanamtha® etrak, 199&jgIencylkamponenty

centrosomu (PC, DCPCM)jsouv € s p entordii 2f d fk oavl8en yn jdloetiniin@ct. 2 k

Animal (a) (b) (c)
cells: Typical somatic cell Ancestral (Primitive) Mammalian {(Derived)
or early spermatid e spermatozoon - spermatozoon

lysosome Heaad

w
O

Tail

Tail
principal-
piece

Axoneme

Obr 8ze3kPdr.ovngn? polodmatderktlrcilfa)l b uwR ke8cche st r §
spermie(b)aus p er mi €c) (Svedorddiss, 2018)

(A7 akrosom, ADCi at ypi ck 8§ di st 8dnst lema r £t ehdpp DKCa ma tEIRC |
retikulum, M7 mitochondrie, PG pr ox P m8lemtirliloelnai,t @& cs| oupky)
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1.2 Tvorba centriol

121 Tvorbacent ri ol somaticklch bunnhk

Centrioly jsou dynamri Tki®h s thwrkl|uBdners, Re1LBk |RU smel
VytvoSen2 plnhD funkl| rp2nac emotrrmooviayt, cketnevnspdsatundjdei s cS
buniDl|l n®o by KAviflor-Reids)and Gagdakrishnan, 2013y G1 f § z i m§ buRka d\
nNov® vzni Ka&jzeer y®bem Bvan®m centriol 8rn2 duplikac
j i § eahicentriavyt2vco2S2 poe@nt ki oémug doch§z2buznpdyandi dl a pc
Tvorba centriol je regulov8na kilkl&agdtHinchelifer D] n ®h o
et al, 1999)a pol et baweRmrter ijod pS?2 (Sloder akdoRieter, d98ENukiace
mi krotubul T je reogubovimav®omplkeéxdmpbitubdulinenS2 c2 c h
kruhovT ) &poSipbluezxn T miot kbmpi exy cog§ polslkayvwmnul) el pg owwsd
kontrounad zah8jen2m rZheng et almil95)®mtt wbbwlliTn  jvesocg edi nT |
konzer voemtnd ons om® hehmek, ktewvhebwtddepabemanl ah dr
gi volJoshihl993)J e s oul § sac2h SMBHBES BCMvokolo centrich pr o funk]| no
centr osomu (Gakey e al.e1®990) § 1 n 2

PTvodn2 centriola sloug? jako pSedloha, d2ky
jednu ji g existuj2c?2 centri ol (Rospa@d Naanagk, 2018)dy p o
Struktura novhR vytvoSen® centrioly nen? pSedur |
bunhRl nT m tjyipemexai stuj 2c? cent it ieo [Afdor-Raise kasda huj e
Gopalakrishnan, 2013) Po dupl i kaci je kagdl p8&8r centriol p
dNl en2 kaBhdBkaceBidngel a pSoarmlyt ald, iiB6)Beant dcebiyn®
centrosomy vz§j emnhD propojeinPogmmoi2ufldomuitéed Pocfkssz iv S
je kagd® jpedimp@é 2inml &kh bunhDk. PSesn® rozdhRlen?2 b
mitotick®ealdetBle 1986lada 2 mcton s estemdi e i ndi kuj 2, ge
for maci bi poh®r wShked ®mik & o thie {kh@djdkov et .| 200D)u mneHa n ®
gyiol ichT pol et nooerftorl cosgad mT wubreleujhendie fnéElkpteh.e zlet er ® v

zdupli kal n2zch | i(Mazie A%0)all e 2 mehk Biep hISHrn2ch vSet ®ne
vpS2tomnosti nadp(Bluderetml 07PSenhomasemTpouze jedn®
vede ke vznikkh m&Geo ol &r (irkzamsttlal0@)V2 c mi uplikacg d
centriol, tedy v2ce neg 1x za bunhR|lnlT c@kanus, | e
et al., 1998)



Na sam®m 8&fa§ ABit kpur,viwz ho b un Ddukle@cmm vaRy kclen,t rd ad ty §
procentrioly kt er § preaw®mpBBRiU MBI n2 | §st i (Dippel1968x i st uj 2
at ent o pr oc e sk ij regPkdéoidayleinSolm \etg8ah, 2007k t efro&s f or yl uj e nhi
procentriol 8r n2ch pr ot eCeplb2(Blachdnetah, PO0& @ckbl sel aol gnk2yh o
otubulinmikrou bul 8r n2 ho nuk (Bahizktal2z 2002Pk athpj exp kv add owdDma
kin8zu zodpovRdnou za zaa$o8lgdeth2 mcentvi pe8% m2sdupl
sCepl52 nRCMhkEgzkh ulk!| eaci pr oc(enétGoinonleyl | ddoedls §aeld.n,N 2 C
procentriola z2sk8v8 dev2tillennou enadii8ollngr ngynmmu
proteinu Sas (Nakazawa et al., 2007) k taevr2ic n n prateinangSili @anget al., 2011)

Vj 8dru prsec@abt r s @b g uspoS§dcSevnSt r 8 b iy 2sdvevr2utbii | papr s
(Gopalakrishnan et al., 201®t elro® r omady t v o $2 (Klhum etlalt, 2007)V t K®d loo v r § |
f§zi mNS2 proareapd ma @3 aprcatae i2n00RARKk 0 e kb mpEgeu di me
tubulinua Gpl1 10 se prvod VREBEGopalakaishnan et al.,021) Protein @pl110
senach®@gd eho vyl er p§n2dimgugean ntswarelde kdamsrgantk gz nal u
Jeep@10 blokuje prodbudg®&uE e@Gpekidéa.pg26Qrk z &

Vpr TbNDhaM &Zze prvn2ho bumPie®douk®kd ubwanGin
secentriola elonguje do d®l ky 8cccaen500ohea. aBolzam|
senezral 8 centri odkaejéwmlu dokepEmdfldoekld@zh®hmnho bunh]|
Tento proces se nazlv§ ocemtrosongEhm®et analdd®)r ace n
VSf 8§8zi sloug? nezral8§ centriolGRfga&koP@PBeddmklao pp
nezralouah2 pSi poj enou pr oc ekompleiustl wh ulzivid W@tgswEu kar uphoum
nukl euj enkratubulyragikratdbulyv S et &neknat r p 8d bSercnkd zal 2n§ fung
nez8visllCeernto®smil n2 zr §aép ermdkedn tvny2g afdaug feo rPyl | kalc

molekul pericentrinuw | 2 zk ost i g&nn8tsrlieod n8orun 2v asztblmtupulino(teei nu Ce
etal, 2012)N8s |l ednhDtdoch®Pz2a kbrientaci d (BbrAens? 2012) v Set ®
Tento centrosom je vgak funk| nn (ahashitgetdl. 2007) j i g e

VGl f 8§8zi nyn?2 novhDsDAPa | §RDAP@nk tr é pBmip i@leakstnvast i c k ®
me mbr §nNkdeslou Ry j ako pSedl oh aS apsriamKtyveo rzblidydezi d n e my
(Avidor-Reiss and Gopalakrishnan, 2013)



Platform for
procentricle formation ~Procentriole

F
PIK4, Asl/Cep152 Ninesioid
:_::".' B ymin el S,A‘"‘" % i G
BCRlhi BLD10/CEP135
A Nucleation Tnplet PCM
» % Uwgo Microtubules recrutment
s Cartwhee C
Sas-4/CPAP
Appendage _'-:.' e,
7 cP110
G1/G0 G2
Sas-4/CPAP
Mature
Centricle M
\-..4
PcM 7

Immature___ 5
Immature E Centricle
Centriole D

Ciliogenesis

CP110

I Astral H
n'iicrotubules

Obrg8zelBch®mda vzni ku rmaVv[ibdd uc edrvtorui dol@vigdry nT c h
Reiss and Gopalakrishnan, 2013)

Vhed8vn® dobnD byl aprdemkc® nabrji enug n ao fkutnekrc&&m s e
kl e mwentwosomu vidgsn D sl oug? . CefifvBizmay 2 ¢3opr ombé®nya Kkt
komponenty centrosomu. U |l ovbDka byl y ionbgveSvne ny
vi hr atho®skiTch z8rodelnlTch buRkS&8ch as@mahRclal cte
buRk€@ethn2 vgak mTgeme n@art@tzat, 1999, 2001Kneakdownicentrinus p e r mi
2vedeks el h8n2 cent rprlod Bhruwm2b Wupll n &heacregwk se. sCertrbal
kagds esSi nTch bunhRk obdrVvu?s kpudwed e@ Djn & ¢ hu ptokcohst koic & | L
dcelSihn bunhNk podstNku eirl®n M1 ntBred i k Ivayst vao S| omik ot i
vSet reedknou nebo dokonce ¢g&dnou centri omhupmw. Tat o
centriol 8rndkemdoptir kpej ge cent roiroglayni majy §n2d TV 8¢
ad o k o n |tokineze(Saligbury et al., 2002)
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1.2.2 Tvorba centriol spermie

Spermie peoden®B2zwan®m vpp e[rbrehtuo gtenheazteo apr oc e
nNkol i kiai psltopg arnMatsogoni a nejprve proch&Bslrdnd il
di ferencuj?2 ve spermatocyty. Ze spermatocyt T d2k
Kulovit® swyprmatesdyspakmiogeneze proch8z2 kask§gc
di ferencuj?2 ve vysoce speicspeanieciSpevan® buRRYy opif 1z §
nej sou pdaHopEm®@I| W hy b oadvarkgto za Bk al Povkay@pojivd md ojgiig kor
(Kretseretal.,, 1998 per mati dy ani spermie se ug d8le nijak

Jak ug bylo Selencujepeaerematpeas yntay oge® ndi2d.je3Sere r n

SVT] genom, zdvojng8§sob?2 pol et centinti oy . zRr idm8run
spermatocyty npgronz dudpn)i,kolvtayn$ i centrioly a mei
spermatocyty, kter® maj2 dvhD sady chromosomT (21
centri ol op Nt zduplikuj e, ale pol et sad chr omo
spermatidy (n) Bei dtvPIma2 cematre Dd laoni ) kaemp§ oxe mg$in
ke sDCPDoBr (Rattner,1%72PCu v Dt giny savcT vznHKrikuichkavazi dv D

and Onishchenko, 1998) t at o f orma cenpoirov@m? i dapki ladmatj
bunhDk uni k & nn e djsymdhidizdcgsvikp | i kac2 DNA.

Vpr TbnDhu sper nibCocgrenepnbky j modi fi k ocve8nntyr opom@8¢ %
remodel ace @CMDac8hc®z 2dddaaziéod ukoul i nu, ve zrallch sj
det ekov&mt.ubkirlomu sper mipolp®GvicthiE zé entaki®n D€ ak toer T
(Manandhar and Schatten, 2000)at 2 mco DC sl oug2? pSi spermiogenezi
PC nen?(Ratriere J9"2Vpr TbNDhu sper miogeneze se ik krotub
kr 8t k® str uakxtounrdymmiip.o dodmit®r i o(Fafveeth &nth Bhilips,dLP6@Fnokdgt uj e
pSekvapgied® kog PC | & iaedsdyajgle mbynlear at ®@demo ShS2i mek,y
i bil2ku DC Adpritejdee vig2 mNt gi ny savcT p SpeShkoldand |,
uej akul ovanT ch (Mapaadhaniadd S¢hatteny ZDRBAe z §hodno tzg.egt Nz
manl,epd je pSechodn8ni &rotkbut §, sskpotegemBs ob k| @p upj oe
pSetv§Set hlavil ku (lhgianmd Sifomen, po86)es haminsomgenanik | eac

tubul T je nejasnl, jed B8 ve 8x PNadjpnétFishgnenoelj &.r z2pr os
2018)Na rozd?2| odzrrammPathSeslpejrmi &t eor mu kbiok tbwl Fav
je potSeba t yapnile je@ebddrRtkr ivotyvoSen, je d2ky pS2t

strukitbre®mtT m sl oupkTm a kapit ul ulAvidd-Reiss, 2048 f unkc
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Spermatogonial >
stem cells

ve)

I Meiosis |

Primary
Spermatocyte

O

Secondary
Spermatocyte

o

S

Spermatid

Spermatozoon M

— - * I EE— & - . =
terminal principal piece mid-piece connecting-piece head
piece (neck)

Obr8zBEBch®ma vzni ku @AddortReissad Fishmany201i9)e

(A - prstenecAx - axonema, CAcent r i ol 8r nRapitalhj, DA dkit st LlapFS-cent r i c
vl §kni t FmipchdhdriSQDFMn Dvé E k n-pr oRC m& 1 n2 -lcleertirti ® | sal, 0 USC
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1.3 Jak se centrioly dnRDd?2

Nar oz d?2 | od s ake® iltk®h drd Ry If aanlkil n2 centrioly,
centri ol y,nienbaock td ovkogvragne®Ipgr Kdbjijlehhwo v b mbdoKeap dd2 1l ej 2 se
sestaven?2 dfMéPrcehok®Bet ®nka ayngj Beh@itend 9P Elimikaae | cent
centrioloocyt u | erokerkzegiitgt MnkR spr §vn®ho poltu centri
(Le Guenand Crozet, 1989 a ko prvn2 ztr8c2 centrosom komponent
vposl edn2chze§pSeld megebbekBmvemiko:?tmeorlket emu® v g
centrosom8l n2 proteiny, kter® jsou rozptlleny p
spermiea poudivioy bR cent r(Bown m87)Igdoumkuzt el nNnlch po
v souvislosti gouto problematikolbyloo p | 0 z e n®?b soalcwyjt 2Tc 2a o uadaeknttor ivaziny ,k | T
zygot se dviDma ySemtrooodmymi an§sl ednhD doglo ke v
mul tipol §r nf3tc hygotySed ®nekpi |y jen vdlemi2 pS&ltm mhos I
abnor m§l n2ch arSeu pinecikd ivie dd amdkz a i kziassmua,v em@§ jre§ s lceh
avkonel n®m IdsTasnhi €] 2k (Bfudéeeet al.,11980)1

Vsouvislostimsbsenc?2 centsri om8 waodoyt §geh prvn2 centr
spermi T geme teckynt3iotly e TebBd? i ppaeendBipBodal dNdi | r
vrocel887Theodor BovetiVe sv® pr §8ci uvedl, ge zat2mco sperm
dnl 2c¢c?2 zaera®&wtny, jsou zdrojem ostatnzch(@Baériement T
1887) Jeho teorie bylo potvrzemao moc2 moder n2 ch meteldekimné&@pnpoy8& mik
aimunocytochemig¢Schatten et al., 1986) at o t eori e je aplikovateln8 p
zahrnuj 2c?2ch | rnuidea,okenopud) Caermrpabdiisolistam and Elinson, 1991Fe
savcT p(lekGuedand €rozet, 198Bus(Norberg, 1973)OryctolagugLongo, 1978 a Bos
(Long @ al., 1993)U t NDshumi n ¢gi volvgdydmmmli,ezeaemenz 2a pr ox
Vzygot8§ch se kagdg§ ze dvou typicklch centriol
(zygot i ckrBt rdicoelSa )o 8an thea @riS[r Fedecons 2 | T@ka (Sleuliston and
Elinson, 1991)Hl avn2 m vIi sl edkem reprodukce centrosomu | €
a u vhtginy ¢givolignlich druhT centr os(Bamend,ar ovan
2012)Vroce 1991 bydenepopge ®model patern8l n2 dnDdi ]l n
(Sathananthanetal., 199) at o t eori e byl a n8slpeodtnvX zpeonmao c? ni [hkuo
p o z {Sierily et al., 1995)

PTvodnhD se mysl!| ¢éhjmaSsde Rodietnrt§@enjmée @md 7 ako s
redukce centrosomu. Tato myglenka byl a2 zalPgMna
a centr i ol(Sathan@gnthgm etalt, ¥9PMed 8vno vgak byl o objeveno,
obnN centriolyy,chl kel ipSejseashokidyas | o d © & & y\ypibcesu® )

centr osom§| (RisShmanetml@@ld)l ac e
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1.4 Centrosom8l n?z remodel ace

Centrosom savl2ch sper mi?2 | Broceseemaddiace zahrngj@a b Dhe
degradace st r 81 n2 c hz tnriegamapak @ bs k Tn Nkt erTch ceniskygbm§l
proei NT specsperme&ledh sprobuci pr ot ¢li and Reitee 2016) P C, DC
Jak ug bylo Pellomdru d$2ewmedelvace | svno mahrazepyp i ¢ k ®
speci al iJzeodvna8n Tsmé o t zv. ImaprBietd® okll WBk ys ea Igap imay
ve spp e n 2 hlba Ji2lkluy vpao e d mkR e s p €FRawcettoagde Rhidps,i1969B Nh e m
pSestavby centrosomu je vekapi@®luniagbenPC® 2stkdtvpl ®T
proteiny ssppeecrinfiiec,k ® aplé@pa@ Shaa et al.S199%Spermlin @Goto et al.,
2010)Spat®j e evol ul nD konzpotenesanti §en2 k ptdldgdeapd §vnl
hl avn?2chajsitgrSukjt2ucr2 czh bs p ¢ jkain2 | mla&ktii Iviayx eavzoikuot o ge
acefahi cslhler mi 8t arsialgngrilda etal®2015Ty pi ¢ k ® PG Muuuinot e
pericentrin, Cep52 aCepl92u mat ur ov a mlhodl 2 seme rt M@ 2shlpo ueryt roibosl § r
proteiny rotatin, Cepl164 Ce295 a kapitulum pak Cep63 @ep215PCs i zachovs8vs8 svou
strukturutaioDRBr e ®p €Capi3® Capl20@ eapk706 ,j saolue postr 8§dS§
6,centrobinarotatin  kt er ® j sou za creart m§ lod BEkhmapl&alt BOGBNIR2 v

DCproch8z2 nRhRNkolika zmhDnamk® ptrm8cc2enmmdktodry®
onNDkter ® nov® prRCMad ennyt rjieo lo®rorh?a cpernat.ei ny, kter ® z
me z i | 1 enikap®uiumToupkgt w mi kmidr 2udiiety prDEC es@aov] spo
mezi trojicemlj eni &kbrvoy kulbes | dlr, § %k t RloRbz keot ys enbiekzrl cotGuybbu? |
dotvarup od | o kind S t o mn oswuktur byt $2 we pSehl 2 gena, jelik
dev2til|lennou radi8ln2 symetri:i a p&mi vih&mmaok @
fixace.Uv ni t S k prgteny eo bjl as t e ¢ hz atkzlv2. n Ntny® epko d ®| mi kr ot u
centriol8rn2 sthDnov® prot285@apgt Cepll8§bn2 CégpllOR Rp v ®o |
aCep76 a pS2poj n®l6p.MDs ted ntyo IC@ b 1§Dt eBC TletpopmD tpa iunt [y 2
cenri ol 8rn2ho | umen, Cketterl®nilecutedgPrbiyj3au d@tvenyPGM
proteinem Cep3.SDC j e spentemni ola%IPAPCZ dpsr, ostieeei pr ot ei n pSech
Ce290 formuje kruh ve spRS2etnemnmoezi tO0mMhak&ad wd marha
centrioly el ongov aafecalezname jec enm tt 1 jidio nal§ asHiDebspemni®k
t ak®r §c?2 eivi] st @8l & e(AddpriReiss,t201B)o u

Remodel aci centrosomu spermie bBDhem spermio
centriol A. Tato hypot ®za z2skatantswiTgl m8zPEBvt 8V K]
(Agi-v®@pu PCM, formuj2 aster a diupm®PkWj fiosd §za
virazn® remodel aci, a t a(AviderdReigsetalaapls) 2 za Amrt v ®hn
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DC: PC: PCM:

CEP76 Striated columns:
CEP120 RTTN
CEP135/Bld10 CEP164
POC1B CEP295
DC rods: CETN1/2
°0OC1B POC5 Capitulum:
CEP63
CDKRAP5/CEP215

Obr g8zéeBt hvba atypick® (r emodEshmanetal®018di st 8§81 n
(AxT axonema, DG di st § 1 n dntianknotubuly, 8d lal, eni t ® ikdyppay p ky, V

PSedpokl|l §d§ se, ge remodel ace DCsej el iegol pud inz
stupnim (FawcatandPhilips, 1969 C mETxnl ch skupin§ch jedinel
se, ®eeoodaci progNagkiBuseldD mnBm2otubul w 2Aer S§it DumMn®
-2x d@gligy2abDC tyllemyndedgt ywyamkrotwblyDEp oz or ovEny pSech
bNDhem s peramji @lgesveez msds8s;rhmpiMzEnardhar et al., 1998)

2. Funkce centriol

2.1 Funkcecentr i ol somaticklch bunnhk

Centrioly jsou bunhRln® organel p2h&fboRchsou
Mezi tyto dRje mTgeme zaSadit nap3. pelgibb brul|Nko
(Bornens, 2012)Centriolyvg i vol i gnTch buRk&ch maj2? Veusp®vpdds
evolul nh kojpwebpohyboddavsijditekr ® zprost Setdokbav §vaj 2
pri mg$amgjcrmekjkeo® nepshybvgni2vig n2 rtoemtSe dRont ext u n
centrioly baP8im&mn2 t Basskrklyh Dhkit eev@o | sbeaes v weghk i n |
pohybljisvoluc hssenzori ck® o mgohomezby n Nk n & ¢h diet gmgiSn u j 2
Hedgehognebownt) vpr Tbh Rhu bwihwan ejiiv otTay toor gSansi isnuy. j sou t
det ekovat stimuly jako napiS. mevlahichkicephr giegk§ BH
nejen pro spr §GoetdandvAhdersgn, 2@l f y&t y tvorby | i funkoc
vedoukz §vagni m poarmok$®dnd m, bRNJgnN (Hidelrandtetalj 20k1p ci | i
PS2tomnost vPagimgk dnegnrjceh peSieksavr Iydolti vipmseklyktd n 2 o
spolefadiek eukaruwnmeb ovddakgM ini b,i ljpPoksyk yt uj 2c2 organi
pohybu(Hodges et al., 2010Proteinyamo | ek ul §r n2 mot ory umevglRuj 2 c2 t
vysoce konzervovan® a na(CawmheSanmsefat, 2011)e drag @ mfaw ®,
ge anal T zdyT kpaozsyk ya utj@m, ¢e spol el nT fpuShekdcerk beauzksal rny
t Blkaa, al e ¢cenirom®engHodgesetrak, 2040)
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Druhou funkc?2, kt er 8 erganizage PCM prébrimad oentnod0rouwo p o z d
(Bornens and Azimzadeh, 200A | kol i v byl omi maidtorsasonuSivsuzov§gno
(Schatten, 1994dv iz h tut o organel u cdyefoiprd wajsimak é k@ meéni Tr
af or mace mitot Bade®hebal, vIBEE @mtkmosom mTggeme oznal i
organi z8tora mikroitutbed 88 ni2.dloZ achyitdodsukiBek ep Sesn® b
(mt-zu a meina u¥ks mNEO@ pk drcywmg amilil v&n2 dvou pohl a
bunhDk kM2 archi aBkasentdk@®e&yg2podwanDitry® bNDhem mi gr ac e
a h o me(Games&etzak, 2005M1i kr ot ubul ov® tripletyadstiéj pdoj ak
formacia-tubulin (Shang et al., 2002)

Vt ypisokm®B tdind R& 2 ceentbiRdeg mNDp? TbRbu bunRkh®WoO
BNDhem G1 f &zoe mug Pt rStah ynwhMS f § 62 fotoosormu j e ncter i ol a r
schopna formovat yt o dv D st r(Boknens,r29l2)P %3 tteadmmantnSasi nkyt el
sbunD|l nTm dRlen2m a buRkgyhseemner oa$dd fiimkeando & L d2 &
Tsiokas, 2011MT geme tedy S2mx8r, jge Irlenvtm?i mp Satepelneue nt r 0 s
roivudr govg§n2 stability cen(SludesaodRiedes 19B B pgkdmka? ¢
centri ol mTge m2t negativn?2 dTs | éBdbingeceta.j1698) pr o b

2.2 Funkce centriol spermie

Cent i ol pemajpgt upi vper Thioh &4l tovhaprobhyy bsup esrpneirzmi 2v. a p c
Nicm®&nnD tyto funkce nutnhD nevygaduSa2v| ¢ g eccenntyr i k
viasnich st8&8di2ch spermatid (vel mibumdd mb®Bn @esmbmagtn
aformy 2 KRiparBekietal., 2012Euk ar yot i ckT bi|l 2k je organel a :
gamet w Dt gi ny ¢givolichT. Bez vijimky jej vgechny
vsamil 2m r epr ¢(LohdewdnmahdrLesich, a0l mozdNj g2 ch st 8di 2ch s
mohou chovat rfmoonimmignoppT3dobe. miuqmd me® @e&ndti igolc ez) |
je dTJlegit® pro spoj e«nz2i gtklaaweit] kyg L & HNOIOIOM O Sieme I n
specializovanl typobaSaskwknitk&tteaxlyt ool se | §st
senach8z2 pobsk2ed aowtndpliohimtoplSopodj i ka tvoS2 tak
spermie (Avidor-Reiss and Leroux, 20157 aj ¢#Tmm f akt em | e bi K sokrmiea Sedn?
pSizpTsobuwje ggousd®lski na.Tiart v nie ok d mp dtyil @ae zkmpeaim
druhTUmgpgdgamn2ch draurRrTncjosvukrdazugdlu kompech&z 2| e
tedykvT r azn®mu rzyvcihgleons t i (FipmarhandSimmens,£01Mi®1 ka st Sedn?
tak® kopoéektemeasvelldtomitt ¢Fphbsetab@i8fyt o rozd2ly do
dTl egitost sexu8l n2 ho @ unehdobndRdidan,1991p ku na tvar s
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Nezbytnost centri ol pro opl oz en?2dojheu ddbb ou hodo
nebyl o jasn®, kol i k cent rmionlulvolsasit nbly |'s puezrnngi ve§ nz yn
poskytueap Sed§v§ cent r(Sahhnathap etalz 991y §iadou vgak zTst al
ullovhDka a savcT ).,vyEwmgotSE dn?2 Rlo8&est viaazunhoosut i ¢ ennat r
probl emati ku byla objevena tzv. atypick8 centrio
novou @ntriolu(Fishman etal., 2018 Tgdeme t edy S2ct, @4 gt2o d umrkicrda§ rcre:
spermie je zaveden2orgeaemtizasd mws peos mEatidagatkti@més ast e
al., 1996)

221Funkce remodelovan® centrioly

Jak ug bylo zm2nhDno dS¥yewgDCviddds erd® usttwdite o
remodelacedegenerovala Naop ak zk8yloqg dek §j e dr akampokyil nsfir
remodel ov8na, ¢istenarzefas, 2@8BY | fou mkalvmggeno, ¢ge remodel
jako pSejcthjoddm® cemt ri ol atomenodeludCo bam@&l nd mPE.NI s e
a centrem pohEZanbonved al.t 1971)s pTeernmhio2 mo d e | ni cm®nhN ne:
remodelace DC a jak tento prgce z | e p g uj eDIlpeo hnyebjlniovwolkjtg.2 ch st udi 2 L
centriol 8rn2 f unkc etvotbu pracénaiolyP CaM), npaS ettlo ,® o pma f or
SasiamBu odl i gnoPjreltaedy t ak tremotdemhmo@entsiolua detnou
pot encia8tlynp?i crka®l 2centri oly u savcT je poskytov§gn?
bunhDk zygoty, ni cm®n N t @vidor-Reiss and Fishmgn,e2919)) nebyl a t

2.22 Funkce centriolvzy got D

Zygotaa ran® embryoanpposfebmj? beh?k getaudov §no,
schopnou jeho formace Mus2 vgak posl owaizbnDj ICM pulbltealnd?2 as
duplikaci centriol( o b r .(Avidor-Rez92018)J edné@ ™l egi t Tch rysT opl ozen
dNDdi |l nost centriol. U vhRtginy givolignTch druhT
do oplozen®ho cenviadyyt pegnot 8t ehnby cent rywoslasm8| n2 ch
stav?zyypgoteeghtdsdnnezbytnl pr o r (chattenvel al.0]991Roknd r v a
por ovngme kadrktur isqppeeywtnd ieo | a mi | daest nel kcohv aenrhibntiy ovn § | n 2 ¢
jsou identick® svou velikost 2 i struktur ou, kror
f 8z2ah!l enhDndo occyiuspojeriaey y v22nesgeéc saml 2m prvojeddr em,
dupli kaci v pr.onOtkd @e8s h® mc sent8dihd@ldyxc i j centtedy p!
idospNI T ch s o mgSathandnthan ket alh 1086k § ¢ h

Kr§tce po inkorporP€ecinisp&r mper shat ooklytasuzer,
prvojaderrPC udr guj e WekoO®ndempBEnZarsns per mi e, kter® se
vs aml| 2 pVyajrdedbe s tvorbou spermatichi®haf &zsit er

mei -zy |1, restartuje mei-zu a vJydhkmnmiSl2e njoev ®s perl If
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asterssam | 2 prvoj §dro vytvoSeno, aster ussi@adBRuij &b yni
mohl o doj 2t (Manandhaeetay,@09% Gedpok!| §d§ se, e tato mig
cytoplazmati ckroniordy nepSippojpgngldmiu. k Dynein je aso
prvoj 8drem a |tiejpsgpojdawdilanlat pr voygaky, t(Ragng 2803 mi | 2 m
Poapozicilzogr voj 8driaclmdV e i k o$ tedster s&km hhvaDtjgd nwllit gh2a ceh § z 2
(Navara et al., 1994)

Po pr onuk | aydta vstupue gpodBizei, c hr omosdomh Suplkacik d v o] 2
centriol spermid Dhenprtaenvuk | e§rn2ho st&dia (v n8§8slednlch &b
Kagdg§ ze dvout \a®m®a procentriolsvpsegnearti @r n§1 n2 BRB@BsmMpr ot ei n
kt er® znovusestavuj 2 centr os o fStepresqndBirsghBee 1994) 2 m, n
Naprotitomu, Lk | a s ibcukn®@hlon ®h o cykl u,ce¢eret PCM ee&agupovBaor ka
jako soul 8§8st m &Schattem, ¢994PCM je spojenspornoux i m8 | gedtrosontul a st 2
ad8vs§ vznik dceSinTim centriold&mGq vi §ife)l .ed\Wnilxlhe bl
pg8ry centri ol a tent mavd wrSene cemt kiomlz&mrvatdwmPi k
buRka obdr g2 jednu cent (Kochadnski amiBorigySI9%)o 6t aj Bdphe

i uduplikace centriols o mat i ckT.ch buRk&ch

Sperm Sperm aster Pronuclear Mitosis
formation stage

% e v

\ | \ maturation
] \ — 8 l — /me
A = ' ’ .‘:,;' \-. |
Distal centriole oy
Proximal centriole l
(plays critical role in sperm aster

formation after sperm incorporation)

Obr8zeBch®m@ vzni ku nov ®hSchatea antd $uo, 20MuU zygot y

Rekonstituovanl centrosom zygmudy|ley®egShkev ®z:
formaci . Na jeho nukl eaci sem§lpod2 pt onaipBy jspla
(Doxsey et al., 1994Fentrin(Salisbury, 1995% nu k| e8§8r n2 mi t ¢SchatterkandSarp ar § t
2009) Astr 8l n?2 m kab®kbeabtyghwloiunov Tl mi kompl exy, a |
spermati ck® centbuwuloil o z®prrglebdphsue @yeont r os o &ldm2 mr e
vwsvRhDtlenzm je, gdge poug?vajpopiSim@lei sodBdy o emat
(Kollman et al., 2011)J s a(vsc Tv1 j i mk cap§ Rendi@dm&silagdnN oddNIl 2 a mi
j8dra ppgbnymkstrangm paRKyvy tkwed2f ajpaidvennz hzo mi t o
v Set ®atharmnthanetal, 199P - | y mi t ot i ck®ho vSet®nka sloug?
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prvn2ho a vgech nd@&BI (&méhrje? 1986BH pou P INAT wiSet ®nk o j
rovnomhDrnou digdrdbaesi nipdth ®mTn MK hNeevsSoni2mNDr n® r o0z
centriol je jednou hl avn2ch pS2|imabaelt m§hh?2 b |(SiNekycefak,ae mbr y
1995) V Tladkemp r v rd2NH ce n 2 dj vsid ud ct eeSdi yni & hbgu Rkkayd, d 82 o bssm huj e |
sp8rem centribgly GemtkiiojddomryobunD| n®ho ag do 0Ss
embryon8l nzho dBRDI en?2blaa ¢ to(@ahgarehBnietal, 8996) y vz j ec?2 s e

3. Evoluce centriol

U ancestr§8ln2ch eukaryot byl yChamnartetal., @009 pS2t c

ale objeveny byly teprvEmpBiedl ogem|l T mkaldad O mhverB2y \
sepokusil o definici centrosomav e sv® epr §oiku 1887 popsal jako p
centrioly (Boveri, 1887) Schopnost centri ol fun@toowray p-alkkD alrel
vSet ®n&kla@ kao bazg8l n2 t DI 2 s kaku 1898Vvhay ppTwWaeénIHema ey
Lenhossek, kter§ pSadppanwchdd i(Himnbduyw hseir gihmasesk, 1898)
Tento popis byl pozdDnj i na hr a zaakteritovala kakdTOC § 2 d e f
(PickettHeaps etal., 1986Me zi t Dmi t o dv Dmmao tregal2inyo\ a&t v Jjakl inkic
vgdy MTOC, ale MTOC nemus?2 blttonmuut nge cneinktrrootsuobrmuel
vzni kat i nez8vi sl e (Khadjakoeehal. 200008 rsre2 ¢ i | &t f witkicre§ ¢
Mi chael Bornens | ej navr hl j ako fTisnturkd ketawri u ,mi c&kd poa v
af or maci mi t o (Boroneks&hab, 1988 et ®n k a

Vivoj centrosamw® nme zeiu kdhirweort ge odr §§g2 bunh| n®
nebo divize, cog je z8kl (Bdmens, 202k pbl vhhNDekohmeerev
dev2tin8sobn8 sdtorkuakztuyrea nceg retnr itoo, @ge jsou pro eu

to, ge jejich pSesnm@rsacakmtnedor@§pd dsiAn Sk tips b
u nhRkterTch skupin e u(kvarzy@di@dadehrandrBoroehsy 2009en¢0l a c hy
paradox je mnohem slogithDjgz, ale vypmadaij8v 2tcoe, ¢
nepostradat el rka ue rfguolskecydinula byldat wdrodg axonemy pro fo
| i bil 2ku, | 2mg byl buRK§m uvniojginnikno up oshaynbl.2 Prmeoi -r
dTI egi t(Pebec etjak, QALOP r o | je centrosom pro saml|? me i
zTst8v8 z8hadou.

Typick® centrioly jsou obklopeny PCM, kter T
uvgech skupin @i vsperimielsT rz8tl m&c 2mi ke ot vwibulgygc he n Dt B¢
bNDhem s per pnocosge nzeezeem Mo s 0 m§ | (Bchattene180d Peptd teeradeohl
bTt pS2tomen ug u spoleln®ho pSedka vgech ¢ivol
ned§8§vno vyvinutim trendem a nen2 tedy spoleln§ p

j e, ge centriol 8r mMDk o & ma&hd e IkRrrowen22pmt okbrDdd em vby |l a z
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mi krotubul T a PCM. U amni ot hbyli kdrod hulbrma | DE alkoe m xw
at Set2m krokem kua ghbwlo|ri gmnpRdidt daeSvg2etjii cthr inp8lselte[d n ® r
dublety(Avidor-Reiss, 2018)

Vhl ed do funkce remodel ovan® coernganiozaycil zsep e:

bNDhem evoluce. Diverzita ve struktuSeckheadaptacs?
nebo driftem, kterlT je n§sledkem n8§hodnlch zmnln
napS2klad to, ge savl|?2 atypick8 centriola m8§8 bil

a bil2ku, cog mTgeohdparsmiaid Rowvhhold@®@dp laméaxww2gm cpr ost
jako j e samil fAvidorReissp2018k | hyzmettrraiket bi | 2kmuy n@ayl2 €z &ro:
U givovnBhd2zm tym@mbopRkRaz eerfdt Ritnonu8 srodadio® | ms2y mebe v i
ugi vol veihfTSms2m typem oplozen?2 vykazuj(endemanh2 k bi |
and Lesich, 2016)

Pokud s e zamnNS2 me na zygot u, t ak Zjistzme,
charakteristik. Moz | uagpedhzsk lvad pkiecd kit\yeSni®ims ® & v io iy 6
embrya .pdteSdtealy mogn®, e typobak® &éasiicalyym byl
funkc2tmgpack® byly optimalizov8§ny ke spermaticklI
ot 8zka, zda jsou atypick® centrioly pot Sebnou
evol ul n2wt ¢wdSRe&ruzg kpedh yAwidor-Rebg?and Fishman, 2019)

4. Variabilita centr 1 o | u S8du Rodenti a

Mat ouc?2 m aspekabejnme vue da8twynptihtoloj®@d) IDECe h o esibdgae v n § n
sesoul asnouzabl eaijl cRodeieP 09 Sedte nee vt rbiuRlcej pS2snhD k¢
atak je logick® pSedpokl Eeatt ripd yzypopstky t mportahedb sjp
nebo atlepitcekd®., zge8§ e jodazvcTm cemybP ol yprogedic 3 p ¢ em
centriosomBdvpkdeNhu opl ozen? sp§§g cdedrosongpoblieyn § g2  d «
and Fawcett, 1973Mo | ek ul 8r n2 meaoBd mizs mesd ukert rddessatd§ dnieub vy |
kulovitTch i @&djcerggul 2uc 2hd o dsaprecrTman a | pe§zr neemm ec et nyt prii cokl T
tubulinem alez t r sghopost nukleovat mikrotubulyN&8 s | edn D dded p&zxz3d kbyt kov
tubulinuaDCz anvkr8§TbDhu testi kul 8r n2p rfT8bzlkh us peepGi gl wdgyermsel zr
centriol8m podobk®|zsrudrliugkd aiv |y dossegbgpvenga eenepl at 2 pr o
ani Boveri ho teor i(dManapdadr etrah, I8N B o ndi Ihdai nMTOE g8DLI
uhl odand¢ D centri ol tzv. mi kvprt ThRh r embmyen &lyn?2
(Zenker et al., 2017)
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Kr omhD dvacénobcomy adva vel k® awshl@grylD kdzar®o vjastoel n®
vzygotDnD | | ovNkaz yag ojhiBnoltcahe asid vezTh,e me . M2 s ttamu t o h o,
doch8z2 omap$tkkchd vygota formuje mnoho mallch as
acentr i ol §r(3cRatieoet al., 51885 @ ok @ Vv Setr®@mzkd2 |j eodnagpi | at ®h
nehlodav]|2ch plaocAT mgl povge®ktr®es® mEéhrutpuijpz ei ny
ge obeathwp 2 ¢c k ® (Coaho etral., 013Ned 8vno kbnwnkte davr geno, g
hl odazvyy ¢acth zal 2n§ se dwhRma | 23et Rnley ,® §amlgumn2a odd
BNDhem anaf §zes pey yothddo S2SejteRinrkoa, kde se ovgem pater
nachs8aaeljiz2g vl c (Rexhmarm ietral§ 20h8)

V souvislostis out o probl emati kou byl o Poklkuwstye| nign &t refl

bylo do oocytu Felis catus injikovg8§no sper ma Mus
jak by se dalo ol ek8vat, kdyby [iCprhizzolietal., 20068 r mi 2 c t
Toto zjigtNDn2z naznaluj e, ge cenzydotl Br nfeasdadto@mn
matern8l nh, nez8visle na schopnosti centri ol or (

experimenty, kdy bylo naopak sperma Feliscafjilsomn 8 no do oocyt(Xuetdly201lnuscul u

Vt ®t o studid. bylo vSet®nko vgdy v8&lcovit®, bez o
mat eSskl program myg2ho vaj2]lka potlaluje tvorek
centri ol spermi 2, Tyto dwiyr simy drikggetme dow cpyS eud pwrhll

centriolyvpr TbRPRhu mei - zrya n @ okggathaul§ @®,i e rozg2Sen? ne:
na centriol8ch poskytlo tDmto ¢givolicbZIm8llvol u
centrosom8s$ pér mid Moblleydad\Fawtett, 1973)

Typic&®t rioly, kMTEGC ®e f amjpd odjazyeS3®ou n Nisnt & i u
b u R(GyethHallonet etal., 1993) S adokonckg kr §t ce p o (Bargsetal., 20154 b unr
Prvn2ch p8&r bunhl nlch peryakvidRpwidwdjmiddt mWiochElzdT Dk d

nezg8vislTTch mat oceanom@l Bt h.se pokusil a objasnit
prekurzorunf, kter8& navr hl a, ge oocyt vovhbesadj 2 ne
f8§zi nievadijgen zpTsobem umogRuj e (Qamamd K000 Jednour i o | €

zdal ¢ & coplaA2Hy p ode @roazniku centriofiv3 2 / 6 4 embry§aleientoprocesby byl

vel i celkehythyglmn a prot o | e (Cowtoisepat, @25t eupdri eev oD por Eall
na tk&8Rov® kultuSe uk§8§zaly nekamtoom®vamanTi bpoDlen
(La Terraetal.,2005pr ot o st 8§ jalkehlodagciz2 sjik&syra®,2 svou prvnz emb
ai pSes axbissetnucji?2 cpprredeb hhui @elmpo yalgejnezepr §vn®ho pc
Ni cm®nhD je mogpe@rhrhipd peeomt riiegltyd atypi |l tNDjg2, neg
cog pS2padnhD vysvDdDtl uj e, Tutopteoni|poddorejgntapBShetbymryo sdab |
centriol8rn2ho proteinu spe(@otoetlal.,ﬂ(]loaitkk@rH]’byk, u
formace vSety@mika 2y oy ovou (Coelmtetrai, 2008 r n2 ki n§zu
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5. Centrioly amo ¢ so8vislost se sterilitou

DsphRNgnost oplozen?2 z8vis?2 jak na ®raiji? | kd§| osat
me z i nnNg p alekBridenzacg S« kal asdp er mi e ramos manf e rdro§ | mw? (eshk ®o
agensk®ho prwnéj 8éma s oslmmav mipkerrarti ®b wal Th uskpldedamaet i ¢ k
j e n e z bapdzioi prvojdertManandhar et al., 2005P r v n 2 mi t othiyc krfdilvoS et ®n
bi poag&§mnzs2 oddhlit chr omoshefekyvktoe d@k@imi chu d§las:
mohou tzlytgopmoukeatz8ujn?2 sae | ako | @Gchattén apdSSuodMy nepl
Mi grace prvojader a tvorba pkwvot bbumicenrastmtiOo®ho v
(Schatten, 1994)

Vzhledemk omu, | §€2 soentr osonpuerjiscoeun tae mtlr8iranl2y mat e
spr8vn® funkce cent r osoobnursat sreu k mT § §&mjvezdpna@hs z a t k
(Sathananthan et al., 1996)ent r osom81 n2 def ekt yz §zspt Tasvaub 2v Tsveolj he§ nz
vpr onu k| egSchatten and 8ud,200Patologiecentrosomunohoub Tt podm2 nNny gen
(Baccetti et al., 1989 1 e t ak® faktory .okcohlenmdihko§ |precd 2-Seld 2hi si
met hyl estradi olu | iedesoo&iilniuz bjyd os tpBodkedamd Bung e gt r o
2009) Vposl mdn2%d ech byly navrgeny a vyug2vs8ny rT:
af unk| nosti centrosomu spermie a sestavenz sperm
for maci sper mapli ck®h®masoeyt w, aby byl ospmog@E&m®
prvojader spermieaootyap ozi t i vn2 potenci 8§l vivoje. Tyto exp
nepl oddyossftien kac 2 ¢ e nNavamet@almZ002 Tachibamda¢t 2009)

Jednou hl avn2ch pS2|lin mugsk® neplodpoésybl ije® a
spermie. Defekty ve vizrkjTizewppg@b moe mnomdaeh zpdsabo
spoj enlled lor mac e mi hl avi | kgospermigé thihiaer i [ kap$Spegmbbo
akul atdljsglcedk u absence?2sak rsotsoolmeunfTLniig ktesi g erkmekl®. | 20
abnormgln2 spojen? HITavieldky @abkob§ée mpapeivihiveg er

mTge m2t negat i v(@hemes etmla IN bz opmoaenk ol i pSi f orn
spermie hraje z2r®dcagzrvem edingB2soeeo konzervovan
centrosom§8l o? op®@P@®Peergret al., 28080J | | ovNDka | er Texgrcihmoyv
tk8n2ch, ale nejvilbyghip zox prvma @aeleta@ltaz005)Eentedoiei

byl | okalyiv2ZpeghAcdch se sper nmobltaosctyit Tt ziv .s paekrrnoi p?l,a xk
avhl awbillkZak spojuj 2c?2Akraopparastoum (jHTCAY)r ukezr a, k t

akrosaém&l jader nou (Kensdemabm et al., 2008 Na Rattus norvegicubyla
provedena studie hypodatylspv®hvonl $perinaibgaiie Hch d) ovl
mut ace byl azer@retrpwrwdo mtroau 1@enu prgproteincentrobin ¢ 0 g expeesi| o kK

zkr 8cemtl €ihnpr Mutovanpopgkdienl akkapbaabm a sepce
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j 8dra sper mie. Tadiossepa?y adECAhkoreopvapjpesbedm?2 de
f8zi sper mi ogene erdidanisa bls elnlcd v ITkean ttredmtl A gdlmh ekt na
snadno dekapi t(dvarklac he.ts ppdr. mi 22f0 0 9)

Nepohybliv® |i neprogresivnhD se pohybuj2c?2 sp
| i dokoncentabiselSegkedn2tmhot o probl ®&mu by mohl o b
jejichg centrosomy by byly schopn® nahradit dy
provedeno nBhDkolik experimentT T, pSi reentgspérmidh byl y
(pouze hlavil ka, hl avi Vednomize op ¢ © ikmennetbTo speo ug @d a9
funkln2 spermatickl asterovp&G@®ho?2 bi 4 ¢ dodyri(¥gneir o le o \
Blerkom and Davis, 19955tudies Felis catusd 8 w& d NDj i , ge terapie pomoc?
centrosomucedt®® memstky mmohl a umognit novl zpTsob |
je nepl odnowdaf WMlsd e dkEear miéntosomyQomiizdi etjalz 2006 h s

Objev atypick® centrioly |lovhRDka a dal dg2zch sa
deseZdTk&a2zT ze studi? na zv2Satecliljodnn$ejim@, age
centidk a mTge blt dTJlegitg§8 pro pohyblivost sper mi?2
ul  oviNka v g a(Fishmantetzam 2018Med o g k®i ni ¢ k ® d Tastl yepdikcyk ®o b j
centrioly pat$? pkaoates$ uogpeesntj@vod eimektmTge bit p
pS2|inou reproduk|ln2ch onemocnhn?2, potjatankbm vadye nap S
vivoje embrsyoau!| aNslrk® edoBe Voplgu ¢ ®Y &1y ® muk PNK® @t enddl ocarp
ICSLmohou m2pti cnka® actent ri oly nevBDdomky negativn2z do
pSekong§8§n2 peprohovhyg studium centriol bhRDhem | CSI
z|l epgit Yas pDgwvheatsotd at ®tnat rmectyd doyp.l| by mapopk ®®i ppek &a
1992 aumognila novli zpTsob p Rakrmo 8992)Namadiépsirkvro ne p| o c
fertilizaci IVF)vp $2 padech nedostatku motility sepefrmsA®ne
dolwvakexistuje ¢g8&8dnl dTkB8ezJstie UOys poSpiké@ilse eyl o
tak® o tom, ge bohlay yiplitc k ®2 lcemt p i @VidgR@ss rmiu  kon't
Fishman, 209). MTgeme tedy konstatovat, ¢ge objev atypick
smRrTm vizkumu aimdvpoi ené mEipSov@utkpBfm wedi c2nh.
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Z8vDir

Tato bakal 8Ssk§ pp®pesasi aklpadloanaacebbvbal a
naleznemegs omat i ckl ch buRk8chsamczaohrgelt mhreapbkEmehthbhR
b)vz&8jemnhD porovnat funkce centriol somatickIlch b
a sper miogerneepzriomudkidja?Rcthu vsami ce pSedch§8§zeaA®2ch
embryogenezi a c) pSedstavit fpyrzo boll eonga tciedfion ssa nalvze |

Centrosom somatickTich bun éntrigl-enau eSBtk@oun ya da\ec
kter ® jsou usnéContliolyjsopolomei kov® struktury soudko:
sl ogethegyv?2 i kruhovith uspoSSabdrkil openy i pleeti T e mii
mat er.P&r @ me nmartieorli8rIln2dg8veg§ vznik astrg§lnzm mikrot
at voS2 bunhD|lnl cytoskelVetenarvio§led dPR veimegy $6C
rTznl ch Ver stpenaledheine dentriolyo b | a st iatker9skioi@seoMe ol § 22 d§ 1 e

od j&8dra, nazlTvs&§me ji proto distg&8ln2 PaodcenSi ms
centriswluakm& i t T t varroz eawSjeanka ddvop ttvtaardw jkewdvel ecent |
remodel ace, 8§83 aldtnér & 8§dao c asnpkeotubufi rog2e nteziepl ety j sou
vdublety MDn2 t ak® sv® prdoltsdiendkw® tslcohgteon 2z nmadDnv | i nasz

centriolouuKobj evu atypick® centrioly dogl o prelpbrivheu ned
vivoje sper mélei mioalt § z2di lkQe@rioly 2spermiee jsour db&ldpgny

specializovanlim pericentriol8rn2m materi 8l em, Kkt

Centrioly® mat i ckT ch bump®BK bddd ud k@lgidégkdyosyhcoroniBdcin ® h o
schromozom§8| BEimzkyk) etn. exdocthu§ 2c2kihk ucecdiiod ohovi ¢
akt ®t o ud8l osti doch8z2 zpravidla 1x za cyklus.
centicBlvb uRce j e pSR@eardt rkoosndm dd/ OB pw 2 girtadtm ckTm p-1 o
vSet ®n&k Jdn® av et ®nko obsahuje | e#dnagdpSrelouj ea n Sesdlne
pSitahov8&m -n&Ftj@edemcentrosomem noviBpeymieSear® tdc
Vpr ocesu spermatogeneze. Diploidd?fepenamaj 2 genipa
spermatocyty kt er ® obsahuj 2Metia-kzto®ug || tsyeSiprciem&rrri2o |l gper
sekund8&8rn?2 sipehmatkagytiy obs Slewdj enedvRBowentrisel poll
zduplikuje a visledkem jsou tedy Khadphoi ®n=spepenr
N8sl epdrnol evsu sper mi ogenebke rdioddFleneditfdi wlei sEp@a tmi ¢
b u nKXkplikaciceh r i o | n sydcbronlz&izl2u pM | kac2 DNA.

Centrioly somadv Bk ik avasul ndukinknajeazk op dohayzb8l1inT o )
Sasinek zajigSuj2c2ch pohyb busRkgyn 8 Tn ep oohkyobl | ni2vhio
ab)or gani zace pericentriol8rn2ho maveSPE&§mMukpobubo
cytoskelaetf obmREKy mi.toTimk$§2 dSea®nkiat ekt uru buRKk)
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rozdRlen2 dceSinTch bunhDk. yCehormoVagt vaki mku di
soul asnh, jejiprhT MMk cheu rsifkd cn@neD cvy &k @ . Sasi nky so
jsouentriol dTls@@irtm®P2pro zaj DgsbD8iInpobehbtrisplea mdaeé:
spermie, ktoerJagienka etjwnddSgrakmi RTbegbud@rméimi dua,j
pSi oplno&selned na®nv v.VpojTbNhEreblikoje oocytu funk]| n?
dok 8§z 8eoeentrioljded2 se po patern8l nc2ytlui niei .k |IBI|ionvi8n apcr

vivoj embrya. PSi oplozen2? vgak oocytypposikhtouj 2
centrosomuzygoty kt er T d&1l e sl ouBr2v n2akcoe nnirtidedyioyd ke®@mbe dyr@t rj
a jsou p&wobdh ecifet 8l n2ch i somaticklich buRkS&ch.

Soul 8§8st?2 centrosomu spermie jsou centrioly i

Zza n8sl edek saml|l?2 neploobdhmashiZe nd e om@mEU nv¢ ztdaeh ekd t
podm2nhDny fgkeoryekohi2ckko prost Sed2? a zpTsobuj2?2 sel h§n*
vpronukl eebd Ww8Edy viNep @h ydrmb rvya.t sper mi 2 mT ¢
centriol8rn2ch abnormal it | i Yupl n® neprB&hb2o0mnost
nahrazen2 dysfunkln2zch centr osomTTathterapiebynfoma cent
umognit novl zpTsolkjs®ubgch8pilwm, YekTpvEogd®® hpS 2ot pol nonzc
pogkozenTch cCemttrriiooll ys pheyr nmaeh ® yt ddrt etcic2d em pr o mu
Ned§vnl objev atypick® centrioly pSingg? mn o h o
vpr TbNRhu pS$2gt2ch | et hledat odpovDndi.

Vposl edn?2 kapitole t®to pr8ce pentfak®hadghvhantk
bych se r8cpaTbDhavaglsany sS®ofdiepPomEW® hp lsPmea .me e
nezbytnlm krokem pro pr od&hkoc io psl pdezogmd?2 o sEShojp@amh T hj
pomoc?2 HT CAPrsot rsupkrt8uwnyou f unkci HTCA jsou nezbyt:
(l'inker nukl eoskel etu a cyt omikkerlcettwbul ymiak rvor lujbgu2l
Centrobin interaguesompl exem LI NC bDhem sper miogehaxen2opo
HTCA, ale dTlegitou Muadce centndbinui Rattus noegiaub GdeAIFT C A .
(syndromu acefalicklch spermi?2) a fenotyp tohot
aMus musculusD2 ky novIim poznatkfm a LhNEr dludie mee stctholp
pochopit slogen2ktaerflurmkcimothiCAsl ougit jako n8§str
spermi 2 audbsagndsti ku geneticklich p838buhasmu@s®Be
asistovan® r eprldgdBk cneo |l kelkkdid 8 van 2 di agnostika pSec
pogkozenlch alel bRhem | VF, poskytne nov® mognos

pomoc? | VF.
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