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Nuclear reprogramming (NR) presents
a possible route towards cell replacement
therapy. The prospect of cell replacement
via NR has recently gained interest
with the rapid development of the iPS
technology [1]. This procedure requires
the overexpression of transcription factors
in somatic cells in order to reprogram
them to an ES-like state. This technique
however is relatively inefficient and the
underlying mechanism seems difficult to
analyze since the process has been deemed
stochastic [2]. On the other hand, somatic
cell nuclear transfer to amphibian eggs or
oocytes makes use of natural components
with no added genes and works at a very
high efficiency; eggs reprogram sperm
nuclei with 100 % efficiency. Similarly,
following nuclear transfer to eggs, 30 % of
nuclei will switch lineage [3].

Amphibian eggs (in second meiotic
metaphase) used in our original nuclear
transfer work have the advantage of easy
availability and large amounts of material.
But how gene expression is regulated in
nuclei transplanted to eggs is not easy to
analyze since the reprogramming process
is accompanied by multiple rounds of cell
division and DNA synthesis. To circumvent
this problem we have transplanted somatic
nuclei to the progenitors of eggs, that is
oocytes in first meiotic prophase; these
cells contain most of the same molecules as
eggs many of which areimportant in embryo
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development. Nuclear transfer to oocytes
gives an opportunity to identify the natural
components of oocytes and eggs required
for nuclear reprogramming. We have
modified the procedure of nuclear transfer
to oocytes to allow realtime monitoring by
confocal microscopy of nuclei undergoing
reprogramming. Using this approach we
have identified a key component of the
reprogramming mechanism of eggs and
oocytes [4].

Linker histone B4 (H1foo in mouse) is
very abundant in eggs and oocytes and is
not found in somatic cells. The experiments
reported show that this special linker
histone is essential for reprogramming
somatic cell nuclei. We observe that
oocyte linker histone incorporation into
transplanted nuclei is an early eventin
the reprogramming process, prior to gene
reactivation.4 Depletion of oocyte linker
histone in oocytes, using antibodies or a
dominant negative mutant, greatly reduces
gene activation in the course of nuclear
reprogramming. The reprogramming
process is also associated with an increase
of linker histone mobility, a change that
is opposite to the decrease in mobility
observed during cell differentiation
[56,6]. Chromatin associated with oocyte
linker histone may be more permissive
for the activity of remodelling complex,
as seen in vitro [7]. This may lead to a
more open chromatin state, with high
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Figure 1. Increased chromatin protein mobility following incorporation of oocyte reprogramming factors.
ES cells exhibit high mobility of chromatin protein, including somatic linker histone (left). This «breathing»
of ES cell chromatin is lost upon cell differentiation (middle) [5 ]. During nuclear reprogramming following
nuclear transfer to Xenopus oocyte a reversal of the differentiation process is observed. Remodelling

of transplanted nuclei, including incorporation of the oocyte specific linker histone leads to an increase

of the chromatin protein mobility in the reprogrammed chromatin:(right).

mobility chromatin proteins, similar to the
“breathing” of chromatin proposed to exist
in ES cells (Fig. 1) [5].

Oocyte linker histone contributes to the
highly specialized chromatin structure of
the oocyte genome. During oogenesis in
Xenopus the genome undergoes a dramatic
remodelling culminating in the formation
of lampbrush chromosomes characterized
by their extremely active transcription.
This specialization of the oocyte is also
associated with the emergence of specific
components of the basal transcription
machinery [8]. Work by Kikyo et al. [9]
have demonstrated that the transcription
machinery of somatic nuclei incubated in
Xenopus egg extract is also remodelled.
Together these observations suggest
that reprogramming by eggs and oocytes
involves a global exchange of chromatin
component and a switch of the basal
transcription machinery of a somatic
nucleus to that of the specialized oocyte.
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Such a resetting on a genome wide scale is
now shown for oocyte specific components
such as B4, as well as for post-translational
modifications of nucleosomal histones [10].

We believe that the approach described
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the oocyte transcription system, it will
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reprogramming factors will improve
nuclear reprogramming via the iPS route.
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IIpupoAHBIH KOMIIOHEHT OOILHTA,
HEOOXOAHMMBIH AAS IEePENPOrpaMMHPOBaAHHS
sinep COMAaTHYECKOH KAETKH

Hxepom XKionven u J>xoH [€pooH
Kem6puoxckuii ynueepcumem, Benuko6pumaHus

Anepuoe mepemporpammupoBanue (§1II)
mpeACTaBIsgeT €000 BO3MOMKHBIH TYTh
Tepamuy C IOMOIIBI0 3aMeHBl KJETOK.
ITepcunekTuBa 3amens! KiaeTok 111 B mocuen-
Hee BpeMs BhI3Baja WHTEpPeC B CBSA3U C
OBICTPBIM Pa3BUTHUEM TE€XHOJOTHUN MHIYIIH-
POBAHHBIX ILIIOPUIOTEHTHBIX CTBOJIOBBIX
kiaetok (MIICK). Sra mpomenypa Tpedyer
U30BITOUYHOM 9KCIpPEecCUU TPAHCKPUIIIMOH-
HBIX (aKTOPOB B COMATUYECKUX KJETKaX,
YTOOBI TEepPernporpaMMUPOBATh UX B COCTO-
AHWE, II0H00HOEe d>MOPUOHAJIBHLEIM CTBOJIO-
BBIM KJeTkaM (ICK). IToTr meron, ogHaKO,
OTHOCUTEJLHO Hed((PeKTUBEH, U JIeKaITui
B ero OCHOBE MeXaHW3M IIPEeICTaBIAETCS
CJIOKHBIM [IJIST aHAJIMW3a, TaK KaK IIPOIlece
ObLI mpu3HaH croxactuueckum. C gpyroit
CTOPOHBI, MepeHoC sgApa CcoMaTUUYeCKOu
KJIETKU B Alita aM(pUOUA 1IN OOIIUTEI JeJja-
€T BO3MOJKHBIM UCIIOJb30BaHUE IPUPOTHBIX
KOMIIOHEHTOB 0e3 J00aBJIeHns I'eHOB 1 pabdo-
TaeT ¢ OUeHb BBICOKOUM MPOAYKTHUBHOCTHIO :
AlIa IepenporpaMMUPYIOT fAApa ciepMma-
TosouoB co 100 % sdpdexTusHocThi0. [Ipu
mocJaenyIoliei AgepHoii mepecagke B AHIa,
30 % simep mepemporpaMMUPYIOTCA IO IPsA-
MO JIUHUMU.

Siina ampubuit (Bo BTOpoit MENOTUYECKON
MmeTadase), ucIoIb3yeMble B HAIIIel padoTe
1o AAepHOI Iepemauve, UMeEIOT IIPEUMYIIe-
CTBa — MOCTYIITHOCTL U 0OJIBIIIOE KOJUUECT-
Bo MaTepuajsa. He mpocTo aHAIU3UPOBATH
TO, KaK 9KCIIPECCUs TeHOB peryJupyercs
B AApax, IepecasknBaeMbIX B giIa, TaK KaK
IIPOITeCC IepeIporpaMMUPOBAHUSA COIIPOBO-
JKJaeTcAd HECKOJbKUMH IUKJIAMU JeeHUs
kiaerok um cuHTe3a [[THK. YUrobwr obGoiiTu
9Ty mpobJieMy, MBI IIepecakuBaJii COMAaTH-
YyecKHe sapa B MpapoiuTeseil Sull — OOIH-
Thl B IepPBOUM MeMloTHUecKoii mpodase; 9TH
KJEeTKU COIEepP KaT Te Ke MOJEKYJIBbI, UTO
U giia, MHOTHE M3 KOTOPBLIX UI'PAIOT BaK-
HYIO POJIb B Pa3BUTHUU 3MOpuoHa. SImepHas
mepemaya OOIIMTOB JaeT BO3MOYKHOCTH BbI-
ABUTH NPHUPOJHLIE KOMIIOHEHTEHI OOI[MTOB
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U AuIll, HeoOXOAMMBbIEe IJsA Tepernporpam-
MupoBaHus sanep. Mbl MoguduUIIMpPOBAIU
OpOIeNypy ANEPHOI Ilepegadyud OOI[UTaM,
YTOOBI OCYIIIECTBJIATH MOHUTOPUHT B peajb-
HOM BpeMeHU C IOMOIIbI0 KOH(POKAJIBHOM
MHUKDPOCKOIHUU fANep, IPOXOAAINX IIepe-
nmporpaMMupoBanue. Vcrnoabp3ysa 3TOT IMOA-
X0/, MBI OIPEJeJININ KJII0UeBON KOMIIOHEHT
MexaHU3Ma IeperporpaMMUPOBAHUA SUIT
¥ OOIIHITOB.

JIlunkepueii ructor B4 (H1foo y mbreit)
COEPKUTCA B OOJIBIIIOM KOJIMYECTBE B
ANIaX W 0OIIUTaX W He HalileH B coMa-
TUYECKUX KJIeTKaX. JKCIEPUMEHTHI IIOKa-
3BIBAIOT, UYTO 3TOT CIEIUAJbHBINA JUHKEP-
HBIII THCTOH BaKeH JJIs IIepenporpaMMu-
pOBaHUS AepP COMATHUYECKUX KJEeTOK. MBI
Ha0JI0Ia/IM, YTO BKJIOUEHUWE JMHKEPHOTO
THUCTOHA OOIIMTa B TPaHCILIAHTHUPOBAaHHBIE
Apa SBJSETCS PaHHUM COOBITHEM B IIPO-
Imecce ImepernporpaMMUuPOBaHUA, 1O PeaKTU-
Balluu reHoB. VCToIlleHWe OOIIUTOB JIMHKeE-
pa TUCTOHOB B OOIMTAX C HCIIOJb30BAHUEM
AHTUTEJ WJIX JOMHHAHTHOTO HETaTHUBHOTO
MyTaHTa 3HAYUTEJIbHO YMEHbBIIIAeT aKTUBA-
IIMIO TeHa B IIpoliecce IepenporpaMMUPOBa-
Hus spep. Ilpolecc mepemporpaMMUpPOBA-
HUS TaKKe CBA3AH C YBeJIUUEeHUEM MOOUJIb-
HOCTH JMHKEPHOTO T'HCTOHA, M3MeHeHWUe,
IIPOTHUBOIIOJIOKHOE YMEHBIIIEHUIO OB~
HOCTHU, HabOJaerca m npu auddepeHIiu-
pOBKe KJIETOK. XPOMAaTWUH, CBSA3aHHBINA C
OOIIUTOM JIMHKEPHOTO TMCTOHA, MOJKET OLITh
0oJjiee IEPMUCCHUBHBIM IJA AEATEJIbHOCTU
PEKOHCTPYKTHUBHOI'O KOMILJIEKCAa, KaK BUTHO
in vitro. 9To MOKeT NIpPUBECTH K 0oJjee
OTKPBITOMY COCTOSHUIO XPOMaTUHA, C BBICO-
KOM MOOMJIBHOCTHI0O XPOMATHHOBBIX OeJi-
KOB, CXOJKUX C «JbIXaHMEeM» XpOMATHHA,
KOTOpoe, BO3MOKHO, cyiiectByer B UIICK
(puc.).

OoIUT INHKEPHOTO TMCTOHA COOTBETCTBYET
Y3KOCIIeIINAIN3UPOBAHHON CTPYKTYpPE XPO-
MaTHHA O0IIMTOB reHoMa. Bo BpeMsi oorexesa
y Xenopus reHOM IIpeTepIeBaeT CyIecTBeH-
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Puc. Ilosviuwennas mobunvrocms xpomamuna 6enxa credyem 3a 06vedurnenuem paxmopos
nepenpozpammuposanus ooyumos. HIICK o6radatom évicorol nodsuicHocmbvio xpomamuna 6enka,

6 mom wucie u comamuiecKue TUHKePHble 2UCMONbL (creéa). Imo «dvixanue» xpomamuna HIICK

mepaemcsa npu duddepenyuposke kiemok (6 yenmpe). Habnrodaemces cmena npoyecca dudpdeperyuposxu 6o
épemsa A0epHO020 Nepenpozpammuposanus écaed 3a adeproi nepedaieti ooyumam Xenopus. Pemodenuposanue
MPAHCNAAGHMUPOBAHHBLX A0eD, 8 MOM LUCLe KLI0LeHIEe KORKPEMHbLX TUHKEDHbLX 2UCTOK06 00y uma, npueodum
K Y6eLULeHUI0 MOOULLHOCIMU XPOMAMURA GenKa 6 nepenpozpammupo6aRHoMm Xpomamune (cnpasa)

HOE PeMO/IeIMPOBaHNE, KOTOPOE 3aBEePIIAET-
cA GOpMUPOBAHMEM XPOMOCOM THUIIA JIAMIIO-
BBIX II[ETOK, XapPaKTEePU3YIOINXCA YPE3BbI-
YaWHOU aKTUBHOCTHIO TPAHCKPUOIINUH. ITa
cuenmuaJ3anud OOI[UTa TaKiKe CBs3aHA C
BOBHUKHOBEHUEM KOHKPETHBIX KOMIIOHEH-
TOB OCHOBHOTO TPAaHCKPUIIIMOHHOTO MeXa-
ausma. Pabora Kikyo et al. mokasasa, uto
TPAHCKPUOIIMOHHBLIN MeXaHWu3M COMAaTH-
YeCKUX SAAep, BHIPAINEHHBIX HA JYKCTPAKTE
ana Xenopus, TOKe MOKeT OBITh PEKOH-
cTpyupoBaH. Pe3ysibTaThl 9TUX HAOJIIOAEeHUT
TMO3BOJIAIOT TPEAIIOJ0XKUTh, YTO IIePEeIpor-
paMMUPOBAHUE C TOMOINBIO AWI[ U OOI[Y-
TOB BKJIIOYAET IJIO0AJIBHYIO CUCTEMY O0OMeHa
KOMIIOHEHTa XPOMaTWHA U IepeKJIUYeHU’e
OCHOBHOTO TPAHCKPUIIIIMOHHOTO MEXaHW3-
Ma COMaTHUYECKOTO Apa Ha CHeINaJIn3upo-
BaHHBIA oomuT. Takoit «cOpoc» B TeHHOM
maciiTabe Tenepb TOKa3aH HA OOIUTAX KOH-
KPeTHBIX KOMIIOHEHTOB, B YacTHOCTH B4, a
TakyKe IOCTTPAHCJIAIUOHHBIX MoaupuKa-
WA HyKJEeO0COMAaJIbHBIX TICTOHOB.
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Mgl cumTaeM, YTO MHOAXOJ, OIMCAHHBIN
3/IeCh, MOJKET IIPUBECTU K BBHIABJIECHUIO IIPU-
POAHBIX (PAKTOPOB IIePeIIPOrPaMMUPOBAHM
OOI[UTOB W SAUI, NEHCTBYIOIIHUX COBMECTHO
[P PEeaKTUBAI[Y I'€HOB 113 TPAHCILJIAHTUPO-
BaHHBIX Agep. Y YUThIBAS Y3KOCIEIINAIN3H-
POBaHHLIN XapaKTep CHUCTEMBI TPAHCKPMII-
MU OOIL[UTOB, OYAeT MHTEPECHO IIPOBEPUTh,
yaydiratr Ju (paKTOPLI IIepemporpaMMI-
POBaHUA OOIUTOB SALEePHOE IIeperporpam-
MupoBaHue Auil ¢ nmomoirnbio nytu WUIICK.
Yem oTamuaeTcs MPOIECC IepernporpaMMIu-
POBaHUS B OOIITAX U ANIAX OT IOJyUaeMOi
C IOMOIIBI0 TPAHCKPHUIIIMOHHOTO (PAKTO-
pa u30BITOUHOM SKCIPECCHUM B IIPOIeaype
HUIICK, memssecTtHOo. Tak Kax HEKOTOpPbIE
u3 (PaKTOPOB TPAHCKPHUIIINM, HCIIOJIL3Y-
emble muas remepanuu HWIICK, mpucyrter-
BYIOT B OOIIMTAX, MOJKHO IIPEIIOJIOMKUTD,
YTO OOIUT 00JIALAET IepelIporpaMMUPOBaH-
HOM aKTHBHOCTBIO, KOTOPAA IIPOSABJISIETCS
mepes WM BO B3aMMOAEHCTBUU C 3THUMU
darTopamu.
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