CHAPTER III

EFFECT OF RECIPIENT CYTOPLAST ON THE KINETICS OF
DNA REPLICATION DURING THE 1-CELL STAGE

IN BOVINE NUC

TRANSFER EMBRYOS

Introduction

The use of tic donor cells result in poorer

development than tie et al., 2001; Du et al., 2002).

It has demonstratec - A synthesis in NT embryos

produced from diffefenyfstages iof o1 ast also\affects the in vitro development

\

(Kurosaka et al., 2002). pletion of DNA synthesis during the

first cell cycle may contribute-theshig ”; _ pment of NT embryos when the S-phase

et 'L'--'
blastomeres WEre ";‘fiili“;:;:)i;:A';G'G.L'-‘"(-};;-jé;;i'(v) -
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e influence of the recipient oocyte al cycle stage on the
kinetics of the first DNA synthesis in somatic nuclear transfer embryos using bovine
enucleated oocytes, either non-activated or activated was investigated. The onset and
the length of DNA synthesis in somatic nuclei after transfer in these cytoplasts were
also determined, as well as the development potential of somatic nuclear transfer

embryos was also evaluated. The DNA synthesis in parthenogenetic oocytes derived
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from both groups was also conducted to ensure the effective activation protocols used

for the nuclear transfer experiment.
Materials and methods

Chemicals and media

Unless otherwise«ind Is and media were obtained from

Sigma Chemical Co. (St. s, MQ). LH«iom porcine was provided by Prof. J.F.

AR

: /. ine v of Liége, Belgium. Culture
: -,

N

media for preparati®n g &6 '_k \* !:\s

Beckers, Faculty o

Technologies (Grand Island,

Preparation of donor cell

cells derived from a skin fibroblast cell

line of a 19 month=0ld Holstein Friesian (Visnon-etat J1998). The skin biopsies were

Yo Y

washed three time‘ B ol ',.l' saline (DPBS) and cut into
L} i

small pieces before bging attached to thesbottom of 60-mm culture dishes. Two to

three ml oﬂ&l.luﬂm mW§ mﬂﬂdﬁ]ﬁtum dishes and the cell

explﬁtswyt]tlan %ﬁiﬁfﬁﬂ“ﬂﬂmﬁjﬁ with 5% CO; for

4-5 d antil a primary ast monolayer was estab culture medium was
Dulbecco’s modified Eagle medium with GLUTAMAX-1 (DMEM-G) supplemented
with 10% fetal calf serum (FCS) and 50 [U/ml penicillin-streptomycin. Primary cells
were trypsinized with 0.05% trypsin-EDTA, frozen in 10% dimethyl sulfoxide
(DMSO) in FCS and stored in liquid nitrogen. For the experiments, the cells were

thawed and cultured for 3-4 d. When the cells had grown to 80-90% confluence, they



2Z
were starved, by culturing in a medium supplemented with 0.5% FCS for 4-10 d.
Before NT, the cells were harvested by trypsinization, resuspended in DMEM-G,
supplemented with 10% FCS and immediately transferred into the recipient oocytes

(Figure 2). Cells cultured between passages 5-15 were used for NT.

Preparation of recipient oocytes

Cumulus-oocyte co “ e collected by aspiration of follicles

with 2-8 mm diameter f laughte éng a 19-guage needle. Selected
COCs were washed( Nedlum Medium199 (M199),

A ‘ e Meérieux, Lyon, France), 10
/ \\ 0-40 COCs were cultured in 500

? % ﬁ' \\ tidified air atmosphere with 5 %

supplemented with 10%#
pg/ml LH and 1 pg/migof ¢
pl of maturation mediy
CO,. After maturati§ 1 H r S we \ boved by culturing for 3 min in
phosphate buffer saline (PBS (Goritatr rig: » hyaluronidase, then stripped by gentle
pipetting. Enucleation was performed a ; deseribed (Vignon et al., 1998).
Briefly, cumulus '_— :{" D, supplemented with 10 %
FCS and 0.5 pg/mlﬂ-{oechst 33342, for 20-30 milﬂt 39 °C in a humidified air

atmosphere ﬂhﬂ/ﬁﬁbﬂrﬁﬂ{w Mﬂ\?aﬁon was performed in

M199-Hepes ﬂpplemented 10 % ‘FCS S pg/ml cytochalasin ]%JCB) and 0.5 pg/ml
o ) RUTVT R AT D G s
equxpped with Eppendorf micromanipulators and epifluorescent illumination.
The metaphase plate and the first polar body were removed with a glass enucleation
pipette (20 pm outside diameter). Confirmation of successful enucleation was
achieved by visualizing the metaphase plate under ultraviolet light. The enucleated

oocytes were assigned to different experimental groups as described below.



Donor cells from DMEM + 0.5% FCS cultured in 60-mm diameter culture dish

g

Remove the old medium

Remove PBS

Add 4 ml of D Mix thoroughly

\/

Remove supernatant

ﬂﬂﬂ?ﬂﬂﬂi%m}{i

Add 200 pl ofHank’s solu n i thoroughly
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23

Transfer 50 pl into 35 mm diameter dish and culture in CO, incubator for control

g

Leave 150 pl in tube for nuclear transfer

Figure 2. Diagram of donor cells preparation prior to transfer into recipient oocytes
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Somatic cell nuclear transfer

In the non-activated group (NT-MII), the enucleated oocytes were fused with
donor cells at 25-26 h post in vitro maturation (hpm) by applying 2 DC pulses of 2.2
kV/cm for 30 ps in the cell fusion medium containing 0.3 M mannitol, 0.1 mM CaCl,
and 0.1 mM MgSO;. The cell-cytoplasts were immediately activated by incubation in

10 pg/ml cycloheximide (CHX) a3 ge/ml CB for 5 h. For the activated group

(NT-ACT), the enucleat

, ‘ : S e
oocytes ed at 23 hpm by incubation in 7%

ethanol for 5 min and cultuseatn CHX fo i (L eBourhis et al., 2002). Fusion was
done at 25-26 h posisfilSign”Cahf) o '-\\‘\“o\??;\‘i of the NT-MII group, with the
same parameter as"wa ; M | 4grot \ onstructed oocytes were then
incubated in CHX for as addi 3 ] oure 3’ arthenogenetic controls for both
groups, parthenogenétic of e fivated (P-MII) and activated oocytes (P-
ACT), were also run in péra .--'_..-?-:-f? me manipulation but without removal of
metaphase plate. The m»xcl Q-?ﬁ?— arthenogenetic embryos were then co-
cultured with -‘-'ﬁ;-_‘-‘:-:-'-‘-:--:-’-,-—::;.-:--:--='s---::::'-‘--- CD Laboratory, Paris, France)
supplemented wih° 8 : 'L'J ir with 5% CO, (Menck et al.,

1997) until the time ®f=DNA synthesig detection or 168 hpf. The cleavage and

sovtopme A LB ML) 1 0t ¢ nto

TR T e
20 min. The stained nuclei were visualized and recorded using a fluorescent

microscope equipped with Viewfinder Life program and then counted by ImageTool

software.
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Figure 3. Nl?!lear transfe%roce(ure used to pfeduce bovine efabryos with

q Voot @nidlnd &bhdd Siolsd VIE TRV E

9
CHX: cycloheximide, BrdU: 5’-bromo-2’-deoxyuridine, min: minute

h: hour, hpf: hour post fusion, FCS: fetal calf serum
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Characterization of DNA synthesis in nuclear transfer embryos and parthenogenetic

embryos

At 1 h interval between 5 —18 hpf for the NT-MII group or at 2 h intervals
between 4-22 hpf for the NT-ACT group, embryos were incubated for 30 min in a
culture medium containing 1 mM 5’-bromo-2’-deoxyuridine (BrdU) and then fixed in

2.5% paraformaldehyde (PAF). At lea g replicates at each time point were carried

out for all experiments. 'to BrdU from 5 hpf and fixed at 18
hpf were performed in b groups. DINAwsynthesis was also examined in the

parthenogenetic emb¥os pfodiiced f .\ ol »The optimal DNA replication

(APPENDIX B) b , d. of 2 ’\ x
/1 W\
incorporated embry0s/og€yi : ed

with a first monoclonal -_‘_ % r » \ ati-BrdU) and a second polyclonal

was characterized™ by #1ny / CYLO on of BrdU incorporation
Olll -

97). Briefly, the fixed BrdU

in 0.5%Triton X100 then treated

antibody (goat anti-IgG of m ,,_ vith fluorescein isothiocyanate, FITC).
The nuclei were &ls L 1= J i iodide (PI), mounted on a

grass slide then obsﬁre : ToSGOpy (LEICA DMRB, Piece 543,

ﬂuﬁﬁwﬂm%Wawni

Statistical aneﬂ'sm

AN QRN GV oo

DNA synthe51s were compared by means of Chi-square test or Fisher’s exact test.

Germany).

The cleavage and development rates between two groups were also compared by Chi-
square test. The cells number of embryos were analyzed by Student’s t-test.

Differences were considered significant when P < 0.05.
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Results

DNA synthesis in nuclear transfer embryos and parthenogenetic embryos

As shown in Figure 4B and in Table 3, at 5 hpf, DNA synthesis started in the
NT-ACT embryos (37%, 10 of 37 embryos) whereas it was not observed in the NT-

MII group (0%, O of 25 embryos, P< 0.001). At 6 hpf, only 10 of 53 (18.9%)

. The DNA replication ended at 18
did not end in the NT-ACT group.

) in the NT-ACT group still

synthesized DNA hree of 28 (10.7%, data not

shown) parthenoger€tic s fror gTO0 »\ [arted synthesizing DNA at 7 h

post activation (hpa). AlFog€yies st ‘_7 synthesiz ing DNA at 18 h after activation
A \

s, el

ACT group had synthesize vith apa and none of embryos synthesized

s

(Figure 4A). Two of 16 parthenogenetic embryos from P-

DNA at 16 hpa T T 35 b ——————
pa ( 3
DNA synthesigncr : ie'sate manner, within 1-2 hpf/hpa in the

NT embryos and in thefpasthenogenetic embryos after the onset, as seen in Figure 4A-

5. 1 e A ) SR A TLEL D05 e 59 o,
TR N TN aTR Y

(Figur@ 4A). In contrast, in the NT-ACT group, DNA replication gradually decreased
after 10 h post fusion until 18 h post fusion and resumed thereafter (Figure 4B). The
replication period was 13 h and 12 h in the NT-MII group and in the parthenogenetic
embryos from P-NT group, respectively (Figure 4A). The duration of DNA synthesis

in the parthenogenetic embryos from the P-ACT group was 11 h, however it could not
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be examined in the NT-ACT embryos due to the curve of replicating nuclei did not
touch at a zero point (Figure 4B).

To determine the optimal ability on synthesizing DNA of the NT embryos from
both groups, they were continuously exposed to BrdU from 5 hpf and fixed at 18 hpf.
As summarized in Table 4, almost all embryos in both groups can synthesize DNA

(96.8% versus 89.7% in the NT-MI ACT groups, respectively, P> 0.10).

Developmental potential o 1ear transfef embiyos

The develops of by C \‘ ro Obtained from non-activated and
activated oocytes ei was evaluated (Table 5).
The cleavage rates“of NT @mbryos in\ bath' g "-,x vere not different (P > 0.30).
Development rates to : ignificantly higher in the NT-MII

b get
group than in the NT-AC g 0% i-‘—.-— ;__ 22.8%, respectively, P <0.001). The

mean cell numbers (= SEN )0l the:

ryos were not significantly different

MableS). e

.'I 'ipiu
. i¥ |

Auganenineans
ARIANTAUNNIING 1A Y
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Table 3. BrdU incorporation in bovine NT embryos after 30 min BrdU-exposure at

5, 6 and 18-hour post fusion

No. of embryos incorporated to BrdU / total embryos fused
Group (%)

at 5 hpf at 6 hpf at 18 hpf

NT-MII (18.9)* 2/55 (3.6)*
_/_._r
NT-ACT SAYT789) ° 9/25 (36.0) ®

// \\Q\\ nute, hpf: hour post fusion
\ N \

Data are from 2-6 réplicaié

*®Values with differe o umn differ significantly (P <

0.001).
Table 4. BrdU incorpOra i Bovin em | os after 18 h BrdU-continuous
exposure -
Group . of embryos fused 1k Mo, of embryos incorporated
o ——————————————— ]
' L) t0BrdU (%)
NT-MII i 30 (96.8)

qummﬂ‘iwmni
oL W NARTPE L RNl

nuclear transfer embryos denved om non-actlvated cytoplasts
reconstructed with donor nuclei at presumptive GO stage
NT-ACT: nuclear transfer embryos derived from activated cytoplasts reconstructed

with donor nuclei at presumptive GO stage
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Figure 4. DNAgsyathesis of the figstrcell cycle in bovine NT embryos and

F.Jl mﬂmwgﬁt opprivated and activatd

- i \S rived from non-
q a $ ed) wi s skin fibroblasts
§  (NT-MII group). Data are from 2-6 replicates, 24-61 embryos, at each

time point for NT embryos and 10-20 embryos at each time point for
parthenogenetic embryos (P-MII group). Each point represents the mean
+ standard error of the mean (+ SEM).

B. DNA synthesis of NT embryos at the 1-cell stage derived from activated
oocytes reconstructed with serum starved ear skin fibroblasts (NT-ACT
group). Data are from 2 replicates (except at 8 hpf), 14-25 embryos, at
each time point for NT embryos and 10-33 embryos for parthenogenetic
embryos (P-ACT group). Each point represents the mean + standard
error of the mean (+ SEM).
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Figure 8 1Bydt] ingofgbratiotr in ‘beving N'Hembiyos at'the Wiceltstdod dhidr 80:exposure at 6, 10
and 16 hourt post fusion (X400)
A, B. One-cell NT embryo from NT-ACT group had incorporated to BrdU, after 30-min
exposure,at 6 hour post fusion. green fluorescence: FITC, red fluorescence: propidium
iodide.

C, D. One-cell NT embryo from NT-ACT group had incorporated to BrdU, after 30-min
exposure, at 10 hour post fusion.

E, F. One-cell NT embryo from NT-MII had incorporated to BrdU, after 30- min exposure, at

16 hour post fusion. BrdU: 5’-bromo-2’-deoxyuridine, FITC: fluorescein isothiocyanate
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Figure 6. BrdU ificorporafion in thé/bovine N'T enibryos athe 1-cell stdge at 4, 18 and 22-hour
post fusion"and‘at’'6 hour'postactivatioft in'the parthenogenetic embryo

A.

Ope-cell NT embryo. fiom NT-ACE grouphad incerporatedfo BidU, after 30- min
Expasyre, afj4thqur post fusion|(X400), The au¢lens exhibiting"green fluorescence
of FITC and'red fludrescehice of propidium iodide Tdicates DNAX are replicating.
Parthenogenetic embryo from activated oocytes had incorporated to BrdU, after 30-
min exposure, at 6-hour post fusion (X400). Four pronuclei exhibiting green
fluorescence of FITC and red fluorescence of propidium iodide are observed.
One-cell NT embryo from NT-ACT group had incorporated to BrdU, after 18-hour
continuous exposure, at 18-hour post fusion (X600). The nucleus exhibiting some
spots of green fluorescence of FITC and red fluorescence of propidium iodide
indicates DNA starts replicating.

Two-cell NT embryo from NT-ACT group had incorporated to BrdU, after 30- min
exposure, at 22-hour post fusion (X400). Note the DNA replicating in both nuclei.

. One-cell NT embryos derived from NT-MII group after 30- min exposure at 18-

hour post fusion (X100). No replicating nucleus is observed.
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Discussion

The present study clearly demonstrates that the kinetics of DNA synthesis
during the first cell cycle in the 1-cell stage nuclear transfer embryos is affected by
the cycle stage of recipient cytoplasts. The DNA synthesis starts earlier and is longer

in somatic nuclei transferred int:

tivated cytoplasts than in somatic nuclei -

/DNA synthesis starts earlier and is
08 roﬁn activated cytoplasts than in

parthenogenetic emb from  non-2 ed cytoplasts. The rates of

transferred into non-activa

shorter in parthenoge

development to the higher in nuclear transfer

embryos produced in nuclear transfer embryos
produced from activa » \ monstrates that the cell cycle of
recipient cytoplast affeCts jon 77 VA e nt ko blastocyst stage of NT embryos
when serum-starved somatic cHs wer ased s donor nuclei.

In the NT Al _ﬂ, hesis, at 5 hpf, in somatic

nuclei after they ’:-SI” ' r'“ ell as in the P-ACT group

i
(Figure 4B), was 51mll}r to that of the parthenogenetlc embryos produced from aged

S ﬂvu Br%% &}ﬂ@ waﬂ'}ﬂ 'jn this study, the DNA

synthesis starts earller in the somadtic nuclei trapsferred into activated cytoplasts than
that t%ﬂ:d]lﬁ qzlj mypm:]lfll mﬂflyapﬂs may accelerate
nuclear progression, which corresponded to DNA synthesis (Soloy et al., 1997), faster
than the non-activated cytoplasts. It has been demonstrated that the nuclear
progression of old or aged oocytes occurs more rapidly than young oocytes (Presicce
and Yang, 1994). The DNA synthesis starts with a high speed, the proportion of

nuclei that synthesized DNA increased to 80% at 6 hpf (Figure 4B, Table 3), then
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decreased rapidly to around 70% and increased again to 90% at 10 phf. This may
result from the heterogeneous of donor nuclei transferred. The high-speed increase in
synthesizing DNA of NT-ACT embryos, at these points, was similar to that of the
parthenogenetic embryos derived from aged oocytes (Soloy et al., 1997).  However,

the data at 8 hpf are only from 1 replicate, due to limitation of samples, may not be a

good representative of the pro tmg nuclei at this time point.

The DNA synth: gradually decreased after 10 hpf
until 18 hpf when 3 A and DNA synthesis continued
at least until 22 hp \ synthesis in NT-ACT embryos
was not complete d addition, a high proportion of
chromatin in S-phase asé) at 18 hpf, that is the lowest
point of replication. It proportion of nuclei at M phase
18 hpf (data not shown). replicating chromosomes damaged in
nuclei at M phase and e also observed during 20-22 hpf, in
this study (data 1{—— F’([ lopmental rate to blastocysts

of NT-ACT embrynmin the prese ady. A possib@explanation of the low number
4

of M phase ﬂ:ﬁiﬁw ﬁpijmﬁ% of nuclei is that may be
acce le regulato

due to lack cyc actors stored in cytoplasts Control of the cell
A RRATE SR VIR s o
comm s to start DNA synthesis and to enter M phase, which corresponds to the
activation of MPF at both two points (Parrish et al, 1992). Tho activation of oocytes
before and at the time of cell fusion may destruct these factors, leading to the
depletion of essential cytoplasmic factor (s) for terminating the DNA synthesis and
then driving of a large proportion of nuclei into M phase. Another pdssibility may

explain chromosome damage in some of NT-ACT embryos is that limited nuclear
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swelling and smaller than normal size (personal observation) whereas there are double
of DNA content when replicating nuclei had completed synthesizing DNA. It has
been demonstrated that fusion of donor nuclei to activated cytoplasts resulted in

reduced nuclear swelling and smaller in nuclear size than normal (Collas and Robl,

1991).
In NT-MII group, afte ing JDNA replication at 6 hpf, almost 100% of
nuclei were in S-phase_at™8 ' proportion of replicating nuclei
~ | —
decreased until 18 hg atioh of DR w esis was similar to that reported

by Kurosaka et al. (Z002) \\T\\ pattern of DNA replication, seen
in Figure 4A, it seems mbryos were well synchronized

or regulated in starting This may result in a higher rate
of embryo developnie yertion of M phase nuclei (> 70%)

were observed at 18 p), indicated that the replication was

completely stopped before-es he results support the observations of

Barnes et al. ( f n:_ijs completion of DNA

to mitosis, affects in vitro @elopment potential of nuclear
transplant e EJ ;Tﬁt% the synchrony between
initiation an ﬂrmma ion ome 1cat10n oi(:]ulescent transplanted nuclei yields a
hlglﬂewq mm%wﬂq ngﬂﬂ ﬁ somatic nuclei in

NT-MII embryos were mcomplete reprogramming during the first cycle, the period of

synthesis, before e

S-phase was, about 6.5 h (Figure 4A), particularly short compared to that of in vivo
embryos, 7-9 h (Laurincik et al., 1994) and in I[VF embryos, 10.4 h (Comizzoli et al.,
2000). The short period of S-phase in NT-MII embryos raises the question of whether
DNA replication is complete during the first cell cycle. In the mouse embryo, it is

clearly evident that the pattern of gene expression occurring during the 2-cell stage is
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dependent on the first round of DNA replication (Davis and Schultz, 1997). A recent
report in the cow showed the first and the second rounds of DNA replication are
important regulators of early gene expression (Memili and First, 1999). In fact, DNA
synthesis must occur only one time in each cell cycle associated with every segment

of DNA that must be copied before it passed to the next phase (Parrish et al., 1992).

There were no signifi w,\' ( fes in the mean cell numbers of the NT
embryos produced by botl ,,____ « This indicated that the same quality
of NT embryos, not th 7 1d be obtained either from non-
activated or activat€d DIf5Hs [tjwas simile \. e results of a previous study
(Lavoir, 1996).

In this study, thé cg - HX treatment, a little modified
from Kurosaka et al. (2002 inwitro matured oocytes. As seen in

Figure 4B, DNA synthesi§ i arted and ended at the same times

(4 and 16 hpa) as that repg d‘?#, et al., 1997) when activated bovine

in vitro matured '; SCUSHECa —Tonoph o {"‘J b-h CHX incubation, at 36 h

post maturation. cent (€O Bourhis ef Jal. (2002) and a preliminary
experiment ﬁ ){ ﬁ 1cally pulsed or treated
with ethanoanﬂnculj:ﬁrg ﬁlgj reached the post-telophase stage,
QAR TITOL AN Yo rons
synthe!ns in parthenogenetic embryos derived from both groups (Figure 4A, 4B) were
similar to that of parthenogenetic embryos derived from 24-h post maturation oocytes
and 36-h post maturation oocytes (Soloy et al., 1997), confirm the effective activation
protocols in this study. It should be noted that, the activation protocol for producing

NT-ACT or P-ACT embryos, in this study, the additional 3 h incubation in CHX after

cell fusion/activation, 3 h shorter than that of the normal protocol (6 h, Soloy et al.,
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1994; Kurosaka et al., 2002; Tani et al., 2001; Du et al., 2002), is enough to support
the development of embrvos. This may be an alternative protocol for somatic nuclear
transfer.

The nuclear transfer procedures that have been generally used for producing

NT embryos may not be the optimal protocol for producing the normal NT embryos.

Several recent studies showed the ¢ ueedss of producing high proportion of blastocysts,
ith postnatal mortality of cloned
offspring has been ed (revieweds y Renard et al., 2002). This

occurrence may co . et of the z NT embryos produced, which

nuclei by general NT pabcg & hetefo \ \ procedure should be carefully
designed to ensure fu “of nuclei associated with the effective

examination of NT emb ecipient animals.

In conclusion, the. #¢ indicate that the stage of recipient

cytoplasts ; ~kinetics L 1 .':'4 the first cell cycle and

ansfer e [11 oryos in bovine. Non-activated

oocytes can ﬁpﬂﬁeﬁ%ﬁnﬂ %Wmlﬁu?g the first cell cycle of

somatic nuclejjafter transter into these cytoplasts, resulting a higher developmental
¢

e TR Mﬂﬂ?wgﬂdﬂl&}%ﬂﬁﬁ a” Bhatic nucti it

activatgd cytoplasts, resulting in a lower number of developing embryos.

developmental pote&l of so
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