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Maternal Factors Involved in Nuclear 
Reprogramming by Eggs and Oocytes 

Kei Miyamoto* 

Wellcome Trust/Cancer Research UK Gurdon Institute αnd Department of Zoology， University of 
Cambridge， Cambridge CB2 lQN， UK 

Absfracf: When a somatic cell nucleus is transplanted 

into an egg or an oocyte， the transplanted nucleus can 

be reprogrammed to support early embryonic develop-

ment so that the reconstructed embryo gives rise to a 

cloned animal. Nuclear reprogramming of somatic nuclei 

is induced by maternal components stored in eggs and 

oocytes. These endogenous reprogramming factors and 

mechanisms have been explored for decades in mam-

mals and amphibia. There are several ways of investi-

gating reprogramming mechanisms， including nuclear 

transfer to eggs/oocytes and incubation in egg/oocyte 

extracts. In this review 1 describe the type of reprogram-

ming events induced in each system and what factors in 

eggs and oocytes are responsible for these. 8ased on 

our current knowledge， 1 propose a model for the early 

phase of nuclear reprogramming in eggs and oocytes. 

Key words: Cel卜freeextract， Egg and oocyte， Nuclear 

reprogramming， Nuclear transfer， Chromatin remodelling 

Introduction 

Scientists have long been intrigued by the fact that an 

egg has the remarkable ability to confer totipotency not 

only to sperm， but also to a transplanted somatic nucleus. 

This capacity of an egg was first demonstrated by John 

Gurdon using Xenopus laevis more than 50 years ago 

[1， 2]. Gurdon performed ingenious nuclear transfer (NT) 

experiments in which an unfertilised egg nucleus was in-

activated by UV irradiation and a somatic cell nucleus 

was injected into the enucleated egg. These NT embryos 

developed into normal cloned frogs. His experiments 

provided the proof that cell differentiation is not neces-

sarily accompanied by the loss of the genetic content. 
Furthermore， his study demonstrated that adult cells can 
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be reversed to an embryonic state to acquire totipotency. 

Nuclear reprogramming of somatic cells towards totipo-

tency has been successfully shown in many mammalian 

species [3， 4]， which brings the idea of applying repro-

gramming technologies to medical applications， such as 

autologous cell replacement therapy. A m司orstep foト

ward towards medical applications has been made by the 

discovery of induced pluripotent stem (iPS) cells [5， 6]. 

Although reprog旧 mmingresearch has been旧 pidly

advancing since the discovery of iPS cells， we still have 

not answered a fundamental question: how are somatic 

nuclei reprog悶 mmedin eggs and oocytes? One may aト

gue that this question is no longer of interest since we 

can obtain reprogrammed cells for future medical appli-

cations by the iPS route without using eggs and oocytes. 

However， there are several reasons why this question is 

still very important. Firstly， the factors and mechanisms 

that eggs and oocytes use to reprogram somatic nuclei 

relate to those used for reprogramming sperm at fertilisa-

tion. Therefore， studying such factors and mechanisms 

would also provide important insights into understanding 

normal development. Secondly， nuclear reprogramming 

by the iPS cell technology currently works at a low ef.同

ficiency， and iPS cells sometimes carry somatic cell fea-

tures [7] indicative of incomplete reprogramming. More-

over， one study reported that somatic nuclei are more 

efficiently reprogrammed by nuclear tranfer than by the 

iPS route [8]. It is， therefore， of great interest to inves-

tigate egg/oocyte factors and mechanisms that support 

efficient reprogramming， since it might be possible to 

apply these maternal factors to the improvement of iPS-

mediated reprogramming. Thirdly， eggs and oocytes 

utilise germ cell-specific or germ cell-enriched factors， 

which often induce biologically unique phenomena， such 

as rapid chromatin decondensation and DNA demethyl-

ation. Studying reprogramming in eggs and oocytes thus 

provides a great opportunity to reveal such interesting 

cellular events. Fourthly， nuclear transfer remains the 

only established way to reprogram somatic nuclei to to-



tipotency. Understanding how totipotency is restored to 

somatic nuclei can lead to the improvement of the cur-

rent cloning technology. If animal cloning technology is 

improved， we might be able to use this for propagating 

domestic animals with useful t悶 itsas well as endan-

gered species. Lastly， the recent breakthrough study by 

Tachibana et al. [9] demonstrates that human embryonic 

stem (ES) cells are obtained by nuclear transfer to hu-

man oocytes. Importantly， their improved NT method a卜

lows the efficient derivation of human ES cells. There-

fore， it is still possible that human NT could be used for 

future medical applications. 

How can we study reprogramming mechanisms in 

eggs and oocytes? There have been many studies of the 

changes occurring in somatic nuclei upon nuclear trans-

fer. Analyses of transplanted nuclei in NT embryos have 

revealed many characteristic features of reprogramming. 

It is however difficult to identify a specific egg/oocyte 

component in this way， since biochemical approaches 

cannot be easily applied to NT embryos due to a lack 

of materials. In addition， reprogramming of gene expres司

sion is associated with cell divisions， which makes it dif-

ficult to evaluate whether a given factor has a direct effect 

on gene expression. To overcome these obstacles， two 

other systems are being used. One is to inject hundreds 

of mammalian nuclei into the nucleus of the Xenopus 00・

cyte [10]. Xenopus oocyte nuclear transfer allows direct 

induction of reprogrammed transcripts from mammalian 
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NT embryos， and then discuss the factors and mecha-

nisms involved in these nuclear changes. 

Reprogramming of somatic nuclei after nuclear transfer 

When mammalian somatic nuclei are injected into MII 

oocytes， the injected nuclei undergo nuclear envelopa 

breakdown and premature chromosome condensation 

(PCC) due to strong maturation promoting factor (MPF) 

activity [13， 14]. PCC is not necessary for complete re-

programming at least in some mammalian species [15]， 

but the studies using frog egg extracts indicate that it is 

important for subsequent DNA replication [16， 17] (which 

is discussed in a later section). Moreover， the recent hu-

man cloning study supports the necessity of PCC for the 

development of NT embryos [9]. After activation of NT 00-

cytes， injected nuclei form pseudo-pronuclei and somatic 

chromatin is decondensed. In the pseudo-pronuclei， so・

matic nuclear architecture is remodelled to resemble the 

embryonic one [18]. Epigenetic changes， such as DNA 

demethylation and histone tail modifications， are induced 

in pseudo-pronuclei. After NT embryos divide， embry-

onic gene expression is induced. Then， cloned embryos 

can develop to blastocyst embryos from which embryon-

ic stem cells are derived in mammals [9， 19]. More details 

of each process are explained in oUr recent article [20]. 

In this review， 1 focus on the known maternal factors that 

induce nuclear reprogramming events. 

embryonic genes without the need of cell divisions and Nuclear remodelling by maternal factors 

new protein synthesis. The other is to incubate permea- One of the earliest changes occurring in transplanted 

bilised nuclei in egg and oocyte extracts [11， 12]. The re- somatic nuclei is the exchange of somatic type linker his-

programming events associated with nuclear transfer to tone H1 for oocyte type linker histone H1foo (Table 1) [21， 

eggs/oocytes are at least partially recapitulated on a mil・ 22].Association of H1foo with somatic chromatin starts 

lion somatic cells in these extracts and hence many bio- immediately after nuclear transfer (within 5 min). H1foo is 

chemical assays can be used to analyse reprogramming. more mobile than somatic H1 in NT embryos， which may 

In this review， 1 summarise the reprogramming factors contribute to making somatic chromatin-accessible for 

and mechanisms identified in each reprogramming syシ othermaternal reprogramming factors. Oocyte-specifiC 

tem. This classification of experimental systems would al- linker histone is also found in other species‘such as bo-

low us to properly understand the roles of each maternal vine [23] and Xenopus laevis [24]. In XenopiJs， removal 

factor in reprogramming somatic nuclei. 1 also propose of somatic type histone H1 is mediated by the histone 

a model of nuclear reprogramming in eggs and oocytes. chaperone nucleoplasmin (Table 1) [25]. Amphibian nu・

cleoplasmin is also necessary for decondensing sperm 

Nuclear Transfer to Eggs/Oocytes at and embryonic cell chromatin [26]. Although the extent 

the Metaphase 11 Stage of sperm chromatin decondensation by nucleoplasmin is 

less prominent in mammals， three nucleoplasmin family 

Most of the successfully cloned animals have been ob- proteins cooperatively work to decondense sperm chro-

tained by injecting a somatic nucleus into an enucleated matin [27， 28]. One report has suggested that injection 

egg/oocyte at the metaphase 11 stage (MII stage; the term of Xenopus nucleoplasmin into bovine oocytes enhances 

“MII egg" is used for frogs， while “MII oocyte" is used for reprogramming in NT embryos [29]. It would be interest-

mammals). Here， 1 briefly summarise the changes that ing to test whether nucleoplasmin also plays a role in so-

happen to transplanted nuclei during reprogramming in matic chromatin decondensation in NT embryos. 
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Table 1. Maternal factors that are involved in somatic cell nuclear reprogramming* 

Name offactors Species Systems 
Requirement for development 

Functions 
ofNT embryos 

Hlfoo/B4 Murine， NT to MII oocytes， Not determined Chromatin mobility change 

Bovine， NT to Xenopus GV oocytes， 
Xenopus Xenopus巴ggextract 

H3.3 Murine， NT to MII oocytes， Somatic derived H3.3 prevents Gene activation， organisation of 
Xenopus NT to Xenopus GV oocytes normal development chromatin 

Nucleolus Murin巴， NT to MII oocytes Required (arrest at the early Not determined 

Porcine cleavage stage) 

Tptl Bovine， NT to MII oocytes， Required for efficient develop- Activation of embryonic genes in 

Xenopus NT to Xenopus GV oocytes 町lentmcow Xenopus oocytes 

DJ1 Porcine NT to MII oocytes Required (arrest at the early Inhibit P53 activation in early 

cleavage stage) embryos 

Tet3 Murine NT to MII oocytes Not determined Hydroxymethylation for DNA 
demethylation on developmentally 
important genes 

HIRA Xenopus NT to Xenopus GV oocytes Not determined Deposition ofH3.3 for subsequent 
gene actIvatlOn 

Nuclear actin Xenopus NT to Xenopus GV oocytes Not determined Activation of embryonic genes in 
Xenopus oocytes 

Nucleoplasmin Xenopus Xenopus egg extract Not determined Chromatin decondensation， His-
tone chaperone 

Brgl Xenopus Xenopus egg extract Not determined Activation of embryonic genes 

Frgy2a/2b Xenopus Xenopus巴ggextract Not determined Disassembly of somatic nucleoli 

ISWI Xenopus Xenopus egg extract Not determined Release TBP from somatic chro-
matm 

Topoisomerase II Xenopus Xenopus egg extract Not determined Resetting somatic replication 
ongms 

*Maternal factors listed in this Table have been functionally validated in egg/oocyte reprogramming systems. Factors va!idated in 
more than one species or one system are shown at the top ofthe list. 

Maternal factors that induce epigenetic reprogramming 

Somatic nuclei undergo global and active DNA demeth-

ylation after NT in some mammalian species although 

the extent of DNA demethylation is less in NT embryos 

than in fertilised embryos [30， 31]. In normal fertilisation， 

several maternal factors have been found to be important 

for active DNA demethylation of sperm nuclei [32-37]. 

Among them， Tet3 DNA dioxygenase has been proven 

to be responsible for DNA demethylation in mouse NT 

embryos (Table 1) [32， 35]. Tet3 can convert methylated 

cytosine (5-methylcytosine) to 5-hydroxymethylcytosine 

for subsequent DNA demethylation. Tet3 is enriched in 

pseudo-pronuclei where 5且 hydroxymethylcytosineis ac司

cumulated in NT embryos. Deficiency of Tet3 impairs 

DNA demethylation of the Oct4 promoter. In addition to 

DNA demethylation， histone tail modifications， such as 

histone acetylation， phosphorylation and methylation， 

are dynamically changed during reprogramming in NT 

embryos. Although maternally stored enzymes that dト

rectly induce these changes in somatic chromatin have 

not been clearly identified， a proteomic study of mouse 

oocytes revealed that oocytes possess a variety of his-

tone modifying enzymes such as Kdm6a， Hdac1 and MII3 

[38]. Considering the crucial roles of histone modifica-

tions and DNA methylation in gene regulation， maternal 

factors that control these important epigenetic modifica-

tions in the context of reprogramming may greatly affect 

the development of NT embryos. In fact， treatment of NT 

embryos with histone deacetylase inhibitors significantly 

improves cloning efficiency [39]. 

Maternal factors required for the development of NT em-

bryos 

One clear example of a maternal component neces・



sary for the development of NT embryos is the nucleolus 

(Table 1) [40]. When the nucleolus is removed from 00・

cytes， these enucleolated oocytes cannot support the de-

velopment of NT embryos. This also means that oocyte 

nucleoli components cannot be substituted by those of 

somatic nuclei. It would be interesting to ask how and why 

maternal nucleoli play such an essential role in embry-

onic development. Proteomic analyses of early embryos 

led to the identification of phosphorylated TPT1 as a can・

didate reprogramming factor in bovine embryos (Table 

1). Overexpression of TPT1 in donor cells improves the 

development of bovine NT embryos to term [41]. A pro同

teomic approach in combination with the porcine oocyte 

cell同 freesystem (discussed in a later section) enabled us 

to identify maternal protein DJ-1 as a protein associat-

ing with somatic nuclei during reprogramming (Table 1) 

[42]. Inhibition of DJ-1 by antibody injection or dominant 

negative overexpression impairs the development of NT 

embryos， but not that of fertilised embryos. DJ1・deficient

embryos upregulate P53， and P53 inhibition rescues de司

velopmental arrest of DJ1-deficient embryos. Most likely， 

many more maternal factors are required for the success-

ful development of NT embryos. It is therefore important 

to search for other maternal factors necessary for the 

development of NT embryos. The list of candidate repro-

gramming factors produced by proteomic analyses [38， 

42]， t悶 nscriptomeanalyses [43] and a systems genetics 

approach [44] will help to identify such factors. 

Nuclear Transfer to Embryos 

Cloned embryos can also develop after nuclear trans-

fer to the cytoplasm of fertilised zygotes as long as pro-

nuclear factors are not removed during enucleation [45， 

46]. These experiments indicate that the factors required 

for reprogramming somatic nuclei are present in the pro-

nuclei. The existence of reprogramming factors in the 

pronuclei has been verified by ingenious serial manipula-

tion experiments [47]. Brg1 has been suggested as one 

of such pronuclear factors [47]. Furthermore， the blas-

tomeres of 2-cell stage mouse embryos can also sup-

port reprogramming when the chromosomes has been 

removed from mitotic embryos and replaced by mitotic 

donor nuclei [48]. Interestingly， using this NT system， the 

Oct4 transgene in T cells is activated within 20 h after 

NT. Rapid activation of embryonic genes in NT embryos 

has also been demonstrated using a different NT method 

[49]. These studies suggest that maternal reprogramming 

factors might be identified or at least narrowed down by 

screening pronuclear factors， which are distributed to the 

cytoplasm during mitosis. 
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Nuclear Transfer to Oocytes at 

the Germinal Vesicle Stage 

Hundreds of mammalian somatic nuclei can be inject-

ed into an oocyte nucleus， called the germinal vesicle 

(GV)， ofaXenopus oocyte arrested in the prophase of 

meiosis 1. Injected somatic nuclei initiate new transcrip-

tion from previously silenced mouse genes including 

embryonic genes like Oct4 [50]. An appealing point of 

using this NT system is that reprogrammed transcripts 

are detected without the need for cell division and new 

protein synthesis. Therefore， this type of nuclear transfer 

does not yield any new cell types， but instead allows us to 

analyse reprogramming of transcription in a direct man-

ner. The major reprogramming events and factors work-

ing in this reprogramming system are explained in their 

chronological order. 

Oocyte-specific linker histone B4 is incorporated soon 

after NT [51]. This incorporation of histone B4 is asso・

ciated with an increase in linker histone mobility and is 

required for transcriptional reprog旧 mmingof embryonic 

genes. Subsequently， Histone H3.3， but not H3.2， is in-

corporated into transplanted nuclei (Table 1) [52]. His四

tone variant H3.3 is enriched in oocytes. H3.3 loading 

onto somatic chromatin is mediated by the histone chap-

erone， HIRA， and this HIRA-mediated H3.3 deposition 

is required for transcriptional reprogramming (Table 1). 

Incorporation of these oocyte-enriched histone variants 

probably makes somatic chromatin more accessible to 

other oocyte factors. Epigenetic modifications of chro-

matin， such as DNA demethylation [53] and histone H3 

Iysine 4 methylation [54]， similarly accele悶 tetranscrip-

tional reprogramming. Transcriptional reprogramming is 

also enhanced by other oocyte factors. DNA oligonucle-

otides corresponding to the Oct4 regulatory sequence 

were used to search for oocyte proteins that bind to this 

sequence [55]. Interestingly， tpt1， which plays a role in 

the development of bovine NT embryos [41]， was identト

fied by this screening method (Table 1). Tpt1 in Xenopus 

oocytes is important for activating Oct4 and Nanog from 

transplanted human nuclei. Recently， we found that po四

Iymerised nuclear actin is formed in transplanted nuclei 

(Table 1) [56]. Xenopus oocytes contain an unusually 

large amount of nuclear actin [57]. If the polymerisation 

of nuclear actin is impaired， activation of Oct4 is also 

inhibited. At the moment it is still not clear how nuclear 

actin polymerisation affects gene activation， but it seems 

that changing polymerisation affects the activity of actin-

containing chromatin remodelling factors. Additionally， 

we have recently found that an actin-binding protein that 

can change polymerisation states of nuclear actin has a 
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significant impact on transcriptional reprogramming [58]. 

Incubation in Egg/Oocyte Extracts 

Active maternal components can be efficiently ex-

tracted without losing their activities by crushing eggs or 

oocytes using ultra-high speed centrifugation. Xenopus 

laevis eggs/oocytes are used for making extracts due to 

their large size and abundance. Xenopus egg extracts 

can reproduce early embryonic cell cycle and sperm 

chromatin remodelling after fertilisation. Kikyo et al. first 

showed that Xenopus egg extracts can also induce re-

programming events in Xenopus somatic cells [11]. The 

reprogramming activities of Xenopus egg extracts are 

active even towards mammalian cells [59-61]. Oocyte 

extracts from axolotl also have the ability to reprogram 

mammalian cells [62， 63]. To make functional extracts 

from mammalian oocytes is challenging because of their 

size and av剖 lability.However， several reports have sug-

gested that partial reprogramming events can be repro-

duced in mammalian oocyte extracts [12， 64， 65]. The ad-

vantages of using extracts for analysing reprogramming 

are as follows: 1) reprogramming is induced in a large 

number of cells and hence using extract is adequate for 

investigating reprogramming by biochemical means; 2) 

factors can be easily depleted from extracts (especially 

Xenopus extracts) by immunodepletion; and 3) the com-

plexity of a live cell or egg can be somewhat simplified 

in extracts. In the following sections 1 summarise repro-

gramming factors and the mechanisms elucidated in ex-

tracts. 

Reprogramming in Xenopus egg extracts 

When Xenopus somatic nuclei are incubated in Xeno-

pus egg extracts， chromatin proteins that support active 

transcription in somatic nuclei， such as TATA-binding 

protein (TBP) and the general transcription factor TFI旧，

are released [11]. This removal of the transcription ma-

chinery is in good agreement with the lack of apparent 

transcriptional activity in early embryos， and is also ob-

served in NT embryos [66]. While the transcription ma・

chinery is being released， egg-specific or egg-enriched 

proteins， such as histone B4， nucleoplasmin and nucleo-

somal ATPase ISWI， are incorporated into somatic nu-

clei. Interestingly， egg extract-derived ISWI plays a key 

role in TBP removal from somatic chromatin (Table 1) 

Apart from somatic chromatin remodelling， nucleoli in so-

matic nuclei are disassembled during incubation in egg 

ext悶 ctsand nucleolus disassembly is known to be in-

duced in NT embryos [67]. Fractionation of extracts has 

led to the identification of FRGY2a/b as a critical factor for 

nucleolar disassembly (Tableη[68]. FRGY2a/b coopeト

ates with nucleolar protein B23 for nucleolar disassembly 

[69]. The studies cited above were the first to identify the 

actual egg factors involved in somatic cell reprogram-

ming， proving that using an egg cell-free system is a valid 

method for identifying reprogramming mechanisms. Egg 

extracts have also been used to study reprogramming of 

DNA replication [17]. In embryos， DNA is replicated more 

rapidly than in somatic nuclei， suggesting that after NT 

somatic nuclei need to change their pattern of replication 

to that of embryos. If erythrocyte nuclei are incubated in 

S phase egg extracts， they replicate less efficiently than 

sperm nuclei do. Exposure of erythrocyte nuclei to meta-

phase egg extracts prior to incubation in S phase ex-

tracts increases replication origins and DNA replication 

in erythrocyte nuclei occurs as rapidly and efficiently as 

in sperm nuclei. Topoisomerase 11 in metaphase ext悶 cts

is involved in resetting somatic DNA replication origins 

and contributes to subsequent， efficient DNA replication 

(Table 1). 

The ability of Xenopus egg extracts to induce repro-

gramming is not limited to intraspecies somatic nuclei. 

Mammalian nuclei incubated in Xenopus egg extracts are 

also reprogrammed although the extent of reprogram-

ming is reduced compared to intraspecies nuclei [68]. 

After incubation of mammalian nuclei in egg extracts， 

the incorporation of Xenopus egg factors to mammalian 

chromatin is observed， including nucleoplasmin [26]， egg 

type lamin LlII [60] and histone B4 (Table 1) [61]. Nucleo-

plasmin is important for decondensing heterochromatin 

[26]. Simultaneously， the removal of somatic nuclear pro-

teins， such as lamin A/C [60]， HP1s [26] and TBP [70]， 

is observed. Histone modifications， such as acetylation 

[61， 62]， phosphorylation [54] and methylation [62]， also 

change during incubation in amphibian egg and oocyte 

extracts. Aurora B kinase activity is important for histone 

H3 serine 10 phosphorylation during oocyte extract treat-

ment [54]. In addition， the cell membrane of mammalian 

cells can be mildly permeabilised with a low concentra・

tion of Streptolysin 0 [71， 72] or digitonin [59， 70] allow-

ing permeabilised cells to be returned to culture after 

ext悶 cttreatment. Although reversible permeabilisation 

is technically difficult and requires careful optimisation， 

this technique makes it possible to assess the functional 

significance of extract treatment on changes in gene ex-

pression. After several days of culture， cells treated with 

egg extracts start to express embryonic genes including 

Oct4 and Nanog [16，59，61，70]. Egg-derived chromatin-

remodelling factor Brg1 has been shown to be important 

for Oct4 upregulation in extract-treated cells in culture 

[59]. Interestingly， the extract-treated cells can support 



better development of NT embryos [73-76]， sliggesting 

that the nuclear states of somatic cells after extract treat-

ment are more amenable to reprogramming in mamma-

lian oocytes. In summary， Xenopus egg extract-mediated 

reprogramming includes chromatin remodelling and em開

bryonic gene activation， but the extract treatment itself is 

not enough to make somatic cells pluripotent. Xenopus 

egg extracts are suited to the analysis and identification 

of the maternal factors that are responsible for somatic 

chromatin remodelling. In contrast， the cell proliferation 

that accompanies cell culture makes it difficult to use 

this system for elucidating the molecular mechanisms of 

mammalian embryonic gene activation induced by egg 

factors. Axolotol oocyte extracts have been reported to 

induce embryonic gene activation in mammalian nuclei 

within 6 h without the need for subsequent cell culture 

[62， 63]. This direct induction of embryonic gene tran-

scription makes extracts ideal for investigating transcrip-

tional reprogramming. 

Extracts from mammalian oocytes 

Considering that interspecies NT works much less 

efficiently than intraspecies NT [77]， it is reasonable to 

postulate that mammalian somatic nuclei are better re-

programmed in mammalian oocyte extracts than in Xen-

opus egg extracts. However， it is practically challenging 

to collect enough mammalian oocytes for ext旧ctprepa-

ration since a mammalian oocyte is approximately 4，000 

times smaller than a Xenopus egg/oocyte. Nevertheless， 

some progress has been made in mammalian oocyte 

extract-mediated reprogramming. An initial attempt to 

use mammalian oocytes for analysing reprogramming 

was done using porcine oocytes， which can be obtained 

in abundance from local slaughterhouses [78]. Oocytes 

were disrupted with repeated freeze-thaw cycles and so-

matic nuclei were incubated with oocyte extracts. Many 

oocyte proteins that were associated with somatic nuclei 

during incubation were identified. Although the ability of 

porcine oocyte extracts to reprogram somatic nuclei was 

not tested， this study suggests the potential use of mam-

malian oocyte extracts for analysing reprog旧 mming.

That study was followed by the use of Iysates of porcine 

oocytes [79] and mouse oocytes [64] for reprogramming 

permeabilised somatic cells. Interestingly， Iysates from 

the cytoplasm of mouse GV oocytes induced demethyl-

ation of histone H3 Iysines 9， and somatic cells incubated 

in these Iysates support higher development of NT em-

bryos when used as donor cells [64]. The first functional 

extracts used to analyse reprogramming were made from 

both porcine MII oocytes and GV oocytes by following 

the protocol used for Xenopus egg extract preparation 
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with modifications [12]. Extracts from MII oocytes induce 

epigenetic reprogramming such as histone deacetylation 

and TBP removal， while extracts from GV oocytes trig-

ger activation of embryonic genes from extract-treated 

cells after culture. These results suggest that GV and 

MII oocytes possess differential reprogramming abilities 

towards somatic nuclei. Porcine oocyte ext悶 ctswere 

used to identify oocyte proteins that were incorporated 

into somatic nuclei during extract-mediated reprogram-

ming [42]. This approach successfully identified oocyte 

proteins that are associated with reprogramming. Protein 

DJ-1 was identified as an important maternal protein for 

the development of NT embryos (Table 1， explained in 

the first section). Interestingly， many proteins related to 

DNA replication， such as PCNA and GINS complex， are 

identified after treatment with MII oocyte extracts， sug-

gesting that reprogramming of DNA replication may start 

at the metaphase stage in mammals， as is the case in 

Xenopus [17]. This procedure of preparing mammalian 

oocyte extracts has also been used in bovine. For exam-

ple， bovine oocyte extracts retain some reprogramming 

activities [80， 81]. Recently， porcine oocyte extracts from 

the cytoplasm of GV oocytes have been used to induce 

dedifferentiation in porcine somatic cells， and porcine 

pluripotent cells have been successfully obtained [65]. 

This interesting study suggests that the sophistication of 

the mammalian oocyte cell-free system may enable us 

to reproduce a wider range of reprogramming events in 

oocyte extracts， and may be used as a tool to dedifferen-

tiate somatic cells. 

Conclusions and Perspectives 

Reprogramming of somatic cells to an embryonic state 

by eggs and oocytes entails multiple and complex pro・

cesses. Transplanted somatic nuclei have to erase their 

differentiated cell identity， including epigenetic memories 

of a somatic transcription state， and build an embryonic 

one to successfully activate embryonic genes that lead to 

the establishment of pluripotency during early embryonic 

development. In order to understand such complicated 

processes， systems that can recapitulate each phase 

of reprogramming， such as the egg/oocyte cell-free 

system and the Xenopus oocyte nuclear transfer， have 

been used. Our current knowledge of maternal factors 

involved in reprogramming is summarised in Table 1. 

Based on our current understanding， below 1 propose a 

model for the early phase of nuclear reprogramming in 

NT embryos (Fig. 1). 

Reprogramming initiates soon after transplanting a 

somatic nucleus to an enucleated egg/oocyte. The earli-
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1. Erasure of somatic cell identity 

Nuclear transfer to a 

MII egg/oocyte 

2.仁onversionto an active state of 

embryonic chromatin 

Pseudo-pronucleus 

formation 

3. Embryoni仁geneactivation 

仁leavedembryo 

Fig. 1. A simplified model of the early phase of nuclear reprogramming in nuclear transfer embryos. Nuclear events 
related to reprogramming of somatic cells are shown. There are thr巴emajor processes for the early phase of 
reprogramming in NT embryos: 1) erasure ofsomatic cell identity， 2) building embryonic chromatin for subse-
quent gene activation， and 3) activation of embryonic genes. Each process consists of multiple nuclear events， 

which are induced by distinct maternal reprogramming factors. Reprogramming factors are shown in bold 
letters. A detailed explanation of each factor or process is giv巴nin the corresponding part ofthe main text 

est possible event is the incorporation of maternal linker demethylation is important for activation of developmen-

histone H1foo/B4 into somatic chromatin. This maternal tally important genes. Transcriptional activators including 

linker histone binding seems to happen at a genome- BRG1 are gradually incorporated into pseudo-pronuclei 

wide level and globally destabilises somatic chromatin， [66]， allowing embryonic genome activation. Nuclear ac-

making it accessible to other maternal factors. At the tin may work at this stage by enhancing chromatin re-

same time， histone chaperones like nucleoplasmin de- modelling via actin-containing remodelling complexes 

condense somatic heterochromatin. These maternal fac- and the transcription of embryonic genes [83]. Success-

tors thus make somatic chromatin more accessible and ful embryonic gene activation allows further development 

aliow subsequent chromatin remodelling. For example， of NT embryos towards blastocyst embryos from which 

ISWI， which mediates TBP removal from somatic chro- ES cells are derived. It is most likely that reprogramming 

matin， is active on B4・containingchromatin， but not on of somatic nuclei continues throughout early embryonic 

somatic H1・containingchromatin [82]. Such chromatin development， since the number of abnormally expressed 

remodelling actively contributes to the erasure of tran- genes often decreases towards the blastocyst stage [84， 

scriptional memories of somatic chromatin. At the same 85]. It is also noteworthy that NT embryos seem to be 

time， NT embryos have to prepare for the rapid DNA more susceptible to celiular stresses [86-88]. There-

replication. Topoisomerase 11 can induce changes from fore， other maternal factors， such as DJ-1 and Tpt1， are 

somatic DNA replication origins to embryonic ones， re- needed to cope with stress-induced embryonic arrest 

sulting in the erasure of somatic replication memory. This notion also opens up an interesting idea， that the 

When NT embryos are activated， pseudo-pronuclei are requirement of maternal factors for development and 

assembled and an embryonic type of nuclear organisa- reprogramming might be slightly different between fertil-

tion is formed [18]. For the formation ofthis unique nucle- ised and NT embryos. 

ar structure， somatic nucleoli are disassembled with the Although the nuclear transfer technique has long been 

help of maternal factors like FRGY2a/b， and maternally used to produce cloned animals， we only have a partial 

derived nucleoli are utilised instead. In pseudo-pronuclei， understanding of which molecules can induce repro-

epigenetic reprogramming continues for subsequent em- gramming in eggs and oocytes (Table 1). Presumably， 

bryonic genome activation. HIRAィnediateddeposition many other maternal factors that are involved in repro-

of H3.3 onto somatic chromatin further enables the ac- gramming have not been identified or characterised 

cessible states of chromatin. Tet3-meditaed active DNA yet. In fact， a large】 scalescreening of the transcription 



factors that enhance iPS-mediated reprogramming has 

identified maternal transcription factor Glis1 [89]. This 

not only represents a new way of finding maternal repro-

gramming factors without using eggs and oocytes， but 

also exemplifies that maternal factors can be used for im-

proving reprogramming of somatic cells towards pluripo-

tency. In addition， the recent success of deriving human 

embryonic stem cells using human somatic cell nuclear 

transfer with a very high efficiency [9]， strongly supports 

the idea that revealing maternal reprogramming factors 

will be invaluable for achieving efficient reprogramming 

of somatic cells in future regenerative medicine. 
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体細胞核の初期化に関与する卵内因子に関して…....・H ・.......・H ・-一一…….....・H ・....………....・...68-78

宮本圭 ケンブリッジ大学ウェルカムトラスト/英国癌研究基金ガードン研究所，ケンブリッジ CB21QN

体細胞核を卵子内に移植することによって，移植された核に初期

化が誘導され，再構築匪(核移植医)の任発生が開始する.初期化

された核によって核移植匪は発生を進め，最終的にはクローン動物

へと発生する目この体細胞核の初期化は卵子内に蓄えられた因子に

よって誘導されることが分かっている.卵子に内在する初期化因子

と初期化のメカニズムは，何十年もの間晴乳類や両生類を使用して

研究されてきた.その方法としては卵子への核移植や卵子抽出液中

での培養といった実験系があげ、られる 本稿ではそれぞれの実験系

においてどのような初期化現象が誘導されるのかについて説明し，

卵内の初期化因子に関して考察する 最終的には，卵内での体細胞

核初期化のモデルを提唱する.

キーワード:無細胞抽出液，卵子と卵母細胞，核の初期化，核移植，

クロマチンリモデリンク

初期匪におけるプロテアソーム分解系の生理学的意義…..人....................................................79-85 

申 承旭 1，2，3.村田茂穂 2・松本和也 3 1米国国立衛生研究所国立糖尿病・消化器・腎疾病研究所発生生物学研究室，

メリーランド州 20814， 2東京大学大学院薬学系研究科，文京区 干 113-0033. 3近畿大学生物理工学部遺伝子工学科，

紀の川市干 649-6493

日甫乳類における受精直後，卵内に蓄積していたタンパク質は急

激に分解され，匪性遺伝子群は活性化 (Zygoticgene activation， 

ZGA) される.この時期では遺伝子支配が母性から匪性に移行す

る時期であり (Maternal-to-zygotictransition， MZT) ，ユビキチ

ンープ口テアソーム系 (Ubiquitin-proteasomesystem， UPS)が

重要な役割を果たしていることが明らかになっているー近年，我々

はUPSがZGAの開始に重要であること， さらに，マウス MZT

時期で特異的に発現が増加する遺伝子 ZPAC(Zygote-specific 

proteasome assembly chaperon)が匪性特異的に 20Sプロテア

ソームの形成に重要であることを明らかにした.ここでは，受精後

のMZT時期における UPSの重要性について考察したい.

キーワード.母性タンパク質分解， s壬性遺伝子活性化，ユビキチ

ンープロテアソーム系 (UPS)，匪性プ口テアソーム形成シャペ口

ン (ZPAC)

ほ乳動物の初期医発生におけるオートファジーの役割…....・H ・-…....・H ・-……....・H ・-…....・H ・......86-94

塚本智史 l・山本篤 1，2 1 (独)放射線医学総合研究所研究基盤センタ一 生物研究推進課，稲毛区，干 263-0043，

2東京医科歯科大学大学院 医歯学総合研究科生殖機能協関学，文京区，〒 113-8519

受精後には卵細胞質に蓄えられた mRNAやタンパク質などの卵

由来の因子(母性因子)は急速に分解され，匠ゲノムに由来する

mRNAやタンパク質が新たに合成される 母性因子の積極的な分

解は，その後の腔発生に極めて重要であると考えられる.着床する

までの怪発生は急速に進行することから，ユビキチン・プロテアソー

ムを介した選択的な分解系だけでは短時間のうちに大規模にタンパ

ク質を除去するのは不十分かもしれない.オートファジーはオート

ファゴソームと呼ばれる構造体で取り囲んだ細胞質成分をリソソー

ムへ運んで分解する分解系である.オートファジーの基本的な役割

は飢餓時などのアミノ酸供給と細胞質の品質管理であるが，最近の

研究から受精卵の発生過程にもオ トファジーが必須であることが

明らかとなった 本レビ‘ューでは，オートファジーの歴史と分子メ

カニズムを簡単に解説し，ほ乳動物の初期庇発生に焦点を当てて

オートファジーの役割を概説する.

キーワード:オートファジー， リソソーム，受精，着床前任，マウ

ス

始原生殖細胞による工ピゲノムリフログラミング............…....・H ・-…....・H ・....…...・H ・H ・H ・-一…95-100
関由行 1，2.岡下修己 1，2

三田市干 669-1137

l関西学院大学理工学部生命科学科，三田市 干669-1337，2生命環境科学研究センター，

生殖細胞は次世代へ遺伝情報友び後成的遺伝情報(エピゲノム

情報)を伝達することができる唯一の細胞である.全能性の獲得や

次世代へのエピゲノム変異が伝達することを防ぐために，生殖細胞

の発生・分化過程において工ピゲノム情報は初期化される 本総説

では，始原生殖細胞における DNA脱メチル化に関する最新の知見

を紹介する 近年の次世代シーケンサーの開発やメチルシトシンの

酸化反応の発見が始原生殖細胞のエピゲノムリプログラミングに関

する研究に対して大きなブレークスルーとなっているー全ゲノムメ

チローム解析は，始原生殖細胞における全ゲノムレベルおよび特異

的領域なメチル化変動を高解像で明らかにした.また， TETの欠

損実験により TETタンパク質が始原生殖細胞における生殖細胞特

異的遺伝子の脱メチル化に必要であることも明らかとなったこれ

らの結果は，始原生殖細胞において能動的および畏動的な脱メチル

化機構が協調もしくは平行して働くことで，高効率かつ広範囲な

DNA脱メチル化が保証されていることを示している.

キーワード:始原生殖細胞，エピゲノムリプ口クラミング， DNA 
脱メチル化， ヒストンメチル化
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