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Fig. 1. Phenotypic and morphological characteristics of the Kyo-
to rhino rat. A: Right; a 2-week-old krh/krh rat with char-
acteristic hair loss on the snout. .Left; a littermate krh/+
rat. B: Rhinocerotic appearance of a 10-week-old krh/krh
rat. C: Histopathology of 9-week-old krh/krh rat skin. HE
staining. Bar=500 um. D: IHC of keratin of a 9-week-old
krh/krh rat. Bar=100 gm. E: Oil Red O staining of a
17-week-old krh/krh rat. Bar=100 um.

surface of the epidermis (Fig. 1E). These findings are
indicators that the krh/krh skin and hair phenotypes are
similar to those of r% at the Hr locus of the laboratory
mouse [7].

krh is an Hr nonsense mutation

Hr on Chr 15 was believed to be the best candidate
for krh and therefore the genotype of the backcross prog-
eny was determined using genetic markers for Chr 15.
We obtained 12 krh/krh and 8 krh/+ rats from the (BN/
SsNSlc x F344-krh/krh)F, x F344-krh/krh backcross. A
significant linkage relationship was observed between
krh and DI15Rat10 (42.7 Mb) with no recombination
(x?=21.6, P<0.01), which is indicative that krh is lo-
cated <13.9 cM away from DI15Rat10 with 95% prob-
ability [11]. krh was expected to span from 28.8 Mb to
56.6 Mb of Chr 15, within which the Hr locus (50.9 Mb)
was mapped (RGSC v3.4).

Sequencing analyses of Hr cDNA obtained from krhi/
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Fig. 2. Identification of the krh mutation. A: Results of
direct sequencing of Hr cDNA of wild-type and krh/
krhrats. The C-to-A nonsense mutation dt position
1,238 is indicated by red arrowheads. The substitu-
tion produces a stop codon at amino acid residue
413 of protein HR. B: Schematic of the conserved
domains in rat protein HR. RD1, RD2, and RD3
are used to denote the repression domains and ZF
is used to denote the zinc-finger domain. The muta-
tion site Ser413Ter is noted with a red arrowhead.

krh skin samples revealed that adenine (A) had been
substituted for éytosine (C) at nucleotide position 1,238
from the start of the CDS (c. 1,238 C>A). ‘This substitu-
tion resulted in a stop codon at.amino acid 413 of the
HR protein (p. Ser413Ter) (Fig. 2A). The truncated HR
protein lacked a zinc-finger domain, a part of repression
domain (RD) 1, and all of RD2 and RD3 (Fig. 2B). We
characterized krh as an Hr nonsense mutation and called
it Hr¥™,

Focal glomerulosclerosis and proteinuria in the aged
Hr¥"/Hr*" rat

Histopathological examinations of organs that were
taken from Hr**/Hr*" rats at 40 weeks of age were per-
formed. No lesions that are associated with autoimmune
diseases were observed, however, prominent glomerular
lesions were noted in the kidneys of the Hr*™/Hr"" rats.
These lesions were focal lesions that had collapsed glom-
eruli and protein exudates in Bowman capsule and the
renal tubules (Fig. 3A and 3C), and segmental prolifera-
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Fig. 3. Focal glomerular sclerotic lesions in 40-week-old Hr*"/Hr*™
rat. Note that a collapsed glomerulus with protein exu-
dates in Bowman’s capsule and protein casts in renal tu-
bules (A, C), and segmental proliferation of mesangial
matrices (B, D) were seen. In the renal medulla, protein
casts were notable in the collecting tubules (E) (arrows),
but those in a wild-type F344 rat (+/+) were limited only
to Henle’s loop (F) (arrows). A: HE; B: PAM; C-F: PAS
staining.

tion of the mesangial matrices (Fig. 3B and 3D). There
was no inflammatory cell infiltration into the glomeruli
and interstitium. In the renal medulla, protein casts were
notably present in the collecting tubules (Fig. 3E). For
the wild-type rats, protein casts were only observed in
Henle’s loop, possibly due to the effects of aging (Fig.
3F). These findings are indicators that the lesions that
were observed in the F344-Hr*"/Hr*" rat were caused by
focal glomerulosclerosis (FGS). Moreover, Hr*™"/Hr*"
rats at 40 weeks of age had proteinuria. The Hr*" ho-
mozygous rats had significantly higher urine protein con-

centrations than age-matched wild-type rats: 152 + 80.3 .

vs.51.0 = 38.5 mg/dl, (average + SD), P<0.02 (Fig. 4).
From the electron microscopic observations, the seg-
mental glomerular sclerotic lesions were characterized
as having proliferating mesangial matrices (Fig. 5A).
The proliferation was associated with the dendritic pro-
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Fig. 4. Urine protein concentrations of Hr*""/Hr*™"
rats and wild-type F344 (+/+) rats. The
Hr*" homozygous rats had significantly
higher urine protein concentrations than
age-matched wild-type rats. Bars indicate
standard deviation. *: P<0.02.

cesses of mesangial cells and on rare occasions with
dense deposits in the mesangial regions. Foot process
fusion was often observed in these glomeruli (Fig. 5B).

Discussion

The krh mutation was identified as an Hr nonsense
mutation and therefore called Hr**, Protein HR is a
nuclear receptor co-repressor for multiple nuclear recep-
tors, such as the thyroid hormone receptor and the vita-
min D receptor [23]. In the hair follicle (HF), the absence
of functioning HR proteins results in the synthesis of
premature and dysregulated catagen. This results in the
destruction of the normal HF architecture and abrogates
the HF’s ability to cycle [20]. The Hr**/Hr*" rat has
cystic hair follicles and suffers from a premature hair
cycle (Fig. 1). The truncated HR protein that is encoded
by the Hr** nonsense mutation is caused by a lack of
functional domains which play important roles in regu-
lating target genes [23]. Additionally, the mutation may
cause nonsense mediated mRNA decay. Therefore, it is
likely that Hr*® may be a loss-of-function mutation. In
humans, HR mutations are associated with congenital
alopecia, such as ALUNC and APL [2, 4, 9]. Because
rats are suitably sized for handling and manipulating [5,
211, the Hr**/Hr*™ rat may be a useful animal model for

developing therapies for these human diseases.

The aged Hr*™ homozygous rat has FGS which is as-
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Fig. 5. Fine structures of glomerular lesions in the Hr*""/
Hr*" rat. A: Proliferative lesions of mesangial
matrices associated with significant dendritic pro-
jections from mesangial cells. Platelet aggrega-
tion was observed in a capillary loop (arrow).
Intracellular hyaline droplets were significant in
a podocyte (arrowhead). B: Foot process fusion
(arrows) and a proliferative lesion of mesangial
matrices that was not associated with dense de-
posits in mesangial regions and the glomerular
basement membrane. Bar: 2 ym.

sociated with severe proteinuria. FGS is a descriptor for
a pathological finding in the kidneys. When a nephritic
range of proteinuria is observed, patients are diagnosed
as having focal segmental glomerulosclerosis (FSGS).
FSGS is classified by morphological variants including
collapsed glomeruli, cellular proliferation, tip lesions,
and diffuse mesangial proliferation [10]. The lesions
that were observed in the F344-Hr*" rat are character-
istic of collapsed glomeruli associated with protein exu-
dates in Bowman’s capsule and may involve a collapsed
variant of FSGS. Thus, the F344-Hr*" rat may have
potential as a model of nephritic FSGS.

FGS has not been reported for the APL or ALUNC
. family, and Hr-mutant mice, [2, 3, 7]. Itis believed that

FGS has a heterogeneous etiology and that it may man-
ifest through multiple genetic factors [10]. The F344-
Hr*™ rats were derived by employing ENU mutagenesis.
The founder animals (G; generation) were expected to
carry no more than four ENU-induced mutations in their
CDS, if the CDS occupies 1% of the genome [16]. The
F344-Hr*" rats were mated by inbreeding without back-
crossing to F344 rats to eliminate ENU-induced muta-
tions other than the Hr** mutation. Thus, it is likely that
the F344-Hr*" rat may harbor mutation(s) that may play
arole in the pathogenesis of FGS. FGS in Hr**/Hr*™"
rats might be caused by unidentified mutation(s) that
were induced by ENU or the combined effects of such
mutation(s) with the H*™ mutation.

The Hr™/Hr™ mouse has the nonsense mutation
(R597X) [8] and develops hypergammaglobulinemia.
The excess immunoglobulins that are produced due to
this disease are deposited in the basement membranes
of the skin, spleen, liver, and kidney, and antinuclear
antibodies are produced. These symptoms appear in
young mice and increase in severity with age [14]. Al-
though the F344-Hr*"/Hr*" rat has a nonsense mutation
(8413X), the mutation is not associated with an autoim-
mune disease or IgM, IgG, and C3 deposition in the
kidneys (data not shown). Generally, pathological phe-
notypes that are associated with this disease are often
influenced by a predisposed genetic background [18, 19].
Therefore, genes that are predisposed to causing autoim-
mune diseases in rA/rh mice may be absent in F344-Hr*"
rats. By replacing the genetic background of F344-Hr*™
with those of other rat strains, we might find autoimmune
disease in Hr*""/Hr*" rats.

In summary, a novel rat mutant strain, F344-Hr*", was
established that carries an Hr nonsense mutation (S413X).
In addition to the hair loss phenotype, Hr*" homozygous
rats suffer from proteinuria and FGS. Therefore, F344-
Hr*™ may have potential as a model of skin disease as
well as nephritic FSGS.
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Abstract: To collect rat mutations and increase the value of the rat model system, we introduced
fancy-derived mutations to the laboratory and carried out genétic analyses. Six fancy rats
were shipped from a fancy rat colony in the USA and used as founders. After initial crosses
with a laboratory strain, TM/Kyo or PVG/Seac, inbreeding started and 6 partially inbred lines,
including 2 sublines, were produced as Kyoto Fancy Rat Stock (KFRS) strains. During
inbreeding, we isolated 9 mutations: 5 coat colors, American mink (am), Black eye (Be), grey
(g), Pearl (Pel), siamese (sia); 1 coat pattern, head spot (hs); 2 coat textures, Rex (Re), satin
(saf); and an ear pinnae malformation, dumbo (dmbo). Genetic analyses mapped 7 mutations
to particular regions of the rat chromosomes (Chr): am to Chr 1, sia to Chr 1, saf to Chr 3, Re
to Chr 7, g to Chr 8, dmbo to Chr 14, and hs to Chr 15. Candidate gene analysis revealed
that a missense mutation in the tyrosinase gene, Ser79Pro, was responsible for sia. From
mutant phenotypes and mapbing positions, it is likely that all mutations isolated in this study
were unique to the fancy rat. These findings suggest that fancy rat colonies are a good source
for collecting rat mutations. The fancy-derived mutations, made available to biomedical

research in the current study, will increase the scientific value of laboratory rats.
Key words: bioresource, coat color, genetic mapping, inbreeding, mutation

Introduction

Genetic analyses of common diseases in humans have
revealed that gene mutations are involved in diseases.
Genome sequencing projects of various mammalian spe-
cies followed by comparative genome analyses have
revealed that a large number of genes are shared among
species. Thus, it is thought that mutations found in

model animals and animals carrying such mutations can.

contribute to the better understanding of human dis-
eases. :

‘The laboratory rat (Rattus norvegicus) has been wide-
ly used as an animal model of human diséases, because
its size is suitable for manipulation [1,27]. Sequencing
of the rat genome has shown that the rat has about 20,000
predicted genes and shares as many as 90% with humans
[9]. So far, at least 70 mutations have been identified as
causative genes of specific diseases and rat strains car-
rying such mutations can be used as good animal models
for these diseases; however, considering the high number
of rat genes predicted [9], more mutations will be re-
quired to investigate the full range of diseases. Thus,
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collecting rat mutations and making rats carrying these
mutations available as bioresources would enhance the
scientific value of rats as an animal model for human
diseases.

There are several approaches to collecting rat muta-
tions. They include discovering naturally occurring
mutations and inducing mutations by random mutagen-
esis [21]. In addition, attempts have been made to collect
mutations outside of the laboratory, from the field or
fancy rat colonies; indeed, some inbred strains have been
established from wild captured rats [11]. However,
fancy rats have not been surveyed as a source of muta-
tions, with a few exceptions [26].

Fancy rat colonies have potential as a source for col-
lecting novel rat mutations, because various mutations
are considered to persist only in fancy rats, largely coat
and eye color mutations, and coat pattern mutations.
Thus, when they are available in laboratory rats, most
will provide opportunities to study the function of mel-
anocytes, which are not only responsible for pigment
synthesis in the skin and hair, but are also involved in
inner ear and eye functions [30]. In addition, in human,
dysfunctions of melanocytes result in skin disorders such
as oculocutaneous albinism, piebaldism and skin cancers
[12, 29], prompting us to introduce mutations found in
the current fancy rat colonies to the laboratory and es-
tablish them as novel bioresources available for bio-
medical research.

In this study, we imported 6 fancy rats from a fancy
rat colony in the USA to our laboratory. We tried to
isolate fancy mutations and establish inbred strains car-
rying them. During inbreeding, we isolated 9 mutations,
of which 7 were mapped to particular genomic regions
of rat chromosomes. A coat color mutation, siamese,
was identified as a missense mutation in the rat tyrosi-
nase gene.

Materials and Methods

Animals

In July, 2005, 6 fancy rats were imported from a
fancy rat colony named Spoiled Ratten Rattery (SRR)
kept by Ms. E. Brooks in Kansas City, Missouri, USA
(http://www.spoiledratten.com/index.html). These rats
(SRR01-06) were used as founders to establish fancy-

derived strains. SRRO1 was female and the others were
males. It was known that these founders carried the
following mutations (Table 1): SRRO1 carried dumbo
(dmbo),Rex (Re), and satin (sat); SRRO2 carried sat and
siamese (sia); SRRO3 carried American mink (am), grey
(g), and Pearl (Pel); SRR04 carried dumbo (dmbo);
SRRO5 carried Re; and SRRO6 carried Black eye (Be).
TM/Kyo and PVG/Seac rats were selected as mating
partners to obtain progeny from the founder fancy rats,
because they are homozygous for nonagouti (a/a) and
hooded (h/h) recessive mutations. SRROi, SRRO5, and
SRRO6 were crossed with the TM/Kyo strain and SRR02,
SRRO03, and SRRO04 were crossed with the PVG/Seac
strain. Following caesarean operations, F; hybrids were
introduced to specific pathogen-free (SPF) facilities in
our institute. Brother-sister mating was carried out to
establish fancy rat-derived strains for each founder. At
each generation during inbreeding, rats showing the
mutant phenotypes were selected. When different mu-
tant phenotypes were found in an inbreeding line, sub-
lines were separated.

To map the mutations isolated from fancy rats, a male
rat representing each strain was used to make F; hybrids
with BN/SsNSIc (BN) or WTC/Kyo (WTC) female rats.

Animal care and experimental procedures were ap-
proved by the Animal Research Committee, Kyoto Uni-
versity and were conducted according to the Regulation
on Animal Experimentation at Kyoto University.

Genetic mapping

To map sat and sia mutations, SRR02 (F5) was mated
with BN rats and 82 backcross progeny (BCP) were
produced (cross 1). To map am, SRR03-am (F6) was
mated with BN rats and 98 BCP were produced (cross
2). To map g and Pel, SRR0O3-g, Pel (F6) was mated with
BN rats and 87 BCP were produced (cross 3). To map
dmbo and hs, SRR04 (F5) was mated with BN rats and
99 BCP were produced (cross 4). To map Re, SRRO5 (F3)
was mated with BN rats and 50 BCP were produced (cross
5). To map Be, SRRO6 (F6) was mated with BN and WTC
rats, and 48 and 67 BCP were produced (crosses 6 and
7.

Genotyping was performed as described previously
[16] with a set of highly informative simple sequence
length polymorphism (SSLP) markers [20].
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Table 1. Mutations isolated from fancy rats
Mutation MP term Characteristic Origin® KFRS Mode of Mapped Candidate =~ Mutant phenotype of
(symbol) (MP id)® . strain inheri-  positioninrats gene name candidate gene in mice
tance (Gene
Chr Physical symbol)
posi-
tion?
American  diluted coat Light brown body hair ~ Unknown. KFRS3A/ recessive 1 95.5~ Herman- Mice Homozygous for
mink color [26] Different from  Kyo 103 Mb®  sky- Hps5 mutation
(am) (0000371) the original Pudlak (ruby-2) have
mink described syndrom 5 hypopigmented eyes
. ) by Robinson - (Hps5) and hair [33]
Black eye diluted coat Cream coat with Laboratory KFRS6/ domi- ND ND
(Be) color pigmented eyes colony at Kyo nant
(0000371) Edinburgh
University in
Scotland in
1998 — Breeder
in England
dumbo abnormal Ears are set lower on Fancy rats KFRS4/ recessive 14 79.0- H6homeo Mice carrying Hmxl
(dmbo)  outer ear the head, and are larger  somewhere in Kyo 84 7Mb box1 mutations exhibit
morphol- and rounder. the northwest : (HmxlI) enlarged ear pinnae
ogy us with a distinctive
(0002177) ventrolateral shift [23]
grey (g)  diluted coat  Light grey body hair Maybe Russian  KFRS3B/ recessive 8 57.3-  RB27A, Gene defects produce
color blue. From Kyo 952 Mb  member abnormal pigmenta-
(0000371) fancies of east RAS tion and a gray or
coast US. oncogene  diluted coat color in
family ashen or dilute mice
(Rab27a) [22, 32] and dop rats
myosin VA [8].
(Myo5a)
head spot headhead ~ White spotting on the Unknown KFRS4/ recessive 15 84.6—~  endothelin Mice homozygous for
(hs) spot head Kyo 91.2Mb  receptor the Ednrbs mutation
(0002939) type B show irregular white
(Ednrb) spotting, depending on
the genetic back-
ground [25]
Pearle diluted coat Lighter coat color English fancy KFRS3A/ domi- ND ND
(Pel) color expressed on mink or [26] Kyo nant
(0000371), grey. Homozygotes die KFRS3B/
embryonic  in the embryonic period Kyo
lethality (E10-E12)
(0008762)
Rex (Re)  wavy hair Heterozygotes show England — KFRS5/ domi- 7  135-143 keratin71  Mouse mutations in
(0000410), wavy body hair, while  Breeder in Kyo nant Mb® (Krt71) the Krt71 gene,
nude homozygotes lose body  California caracul (Ca), cause
(6003815),  hair after the first molt. wavy coat hairs in
wavy Both heterozygotes and Cal+ heterozygous
vibrissae homozygotes show mice [14]
(0001279} wavy vibrissae.
satin (saz) abnormal Longer hair and Fancy rats kept ~KFRS2/  recessive 3 105.8-  fibroblast ~ Mice lacking the Fgf7
coat shiny-looking “greasy” by abreederin  Kyo 114.9 growth gene develop a matted
appearance  hair. Vibrissae are bent  California Mb factor 7 coat [10]
(0001510), downward. (Fgf7)
curly ‘
vibrissae
(0001274)
siamese  diluted coat Homozygotes show Laboratory in KFRS2/ recessive 1 140.6—  tyrosinase = Mice homozygous for
(sia) color light body hair, but their ~ France in the Kyo 145.5 (Tyr) Tyr*" show light coat
(0000371) ears, nose, tail, and 1980s — Mb color and darkened
scrotum are dark, as in Breeder in UK ears, nose, and
Siamese cats. Eyesare - breeders in scrotum. [18]
slightly pigmented and ~ California
appear red.

»: Mutant phenotypes are classified by mammalian phenotype ontology. »: Provided by Ms. E. Brooks. ®: RGSC v3.4. 9: Expected theoretical maximum
distance between am or Re and non-recombinant markers. Physical distance corresponding to 1 cM was expected to be 1 Mb.
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Direct sequencing of the Tyr gene of Black-eyed and
Siamese rats
Direct sequencing was performed as described previ-

ously [17]. Rat Tyr exons were amplified with the follow-

ing 6 sets of primers: rTyr-1&2 (exon 1,463 bp),
5’-TGTTTGAGCAGATCTTGTACGG-3" and
5’-TGTTTTGCCAAAGTGAGGTAA-3’; 1Tyr-3&11
(exon 1,633 bp) 5’-GCGGAAACTGTAAGTTTGGA-3’
and 5’-AAGGTTCCTTTTCTGTGCTGA-3’; rTyr-12&13
(exon 2,398 bp), 5’-TTTCATTCATATGTAAGTCCCT-
TG-3" and 5’-GCTTAGCATTGCAAAACTCACA-3’;
rTyr-14&15 (exon 3,384 bp), 5-TTGTTTATTTAAAATT-
AGGCTTACCTC-3’ and 5’ -TCTCAAAATAGAG-
AACCACCACAA-3’; rTyr-16&17 (exon 4,488 bp),
5’-AAAGTTTGAAGATAGTCAGCATTTGA-3’ and
5’-TTTAGCTGTACAAAATATCCTTGAAA-3’; 1Tyr-
18&10 (exon 5,489 bp), 5’-GCACTCAAACCCAAGC-
ATCT-3” and 5’-TTCCTTAGAAACTGGGACGTG-3".

Examination of fetuses at cesarean section

Six wild-type SRRO3 females (+/+) and six Pel-
heterozygous female SRRO3 (Pel/+) rats were mated
with the Pel-heterozygous SRR03 males (Pel/+). AtP20,
fetuses were removed by cesarean section. The numbers
of corpora lutea, live fetuses, and embryo-fetal deaths
were counted. Embryo-fetal deaths were categorized
into early death (implantation sites, resorbed embryos,
and placental remnants) and late death (early macerated
fetuses, late macerated fetuses, and dead fetuses). The
number of implantations was calculated from the sum
of the number of live fetuses and the number of embryo-
fetal deaths.

Statistical analysis

To determine the mode of inheritance and linkage
relationship, chi-square tests were performed. When the
P value of chi-square for 1:1 was more than 0.05, the
mutation was thought to be an autosomal single gene.
‘When the P value of chi-square for linkage was less than
0.05, the linkage relationship between loci was thought
to be significant. For statistical analysis of embryo-fetal
deaths found in the Pearl mutant, Student’s ¢-test was
performed using Microsoft Excel.

Restults

Fancy rat-derived strains ,

We isolated 9 mutations during inbreeding and as-
signed “Mammalian Phenotype terms (MP)” to their
mutant phenotypes to make it easy to understand them
[31] (Table 1). They involved 5 coat color mutations
(am, Be, g, Pel, and sia), 1 coat pattern mutation (As), 2
coat texture mutaions (Re and satf), and an ear pinnae
malformation mutation (dmbo). The Pearl phenotype
manifested in conjunction with homozygous status for
amorg.

During inbreeding, the line originating from SRRO1
became extinct. Although inbreeding was not fully com-
pleted, we tentatively named the derived lines Kyoto
Fancy Rat Stock (KFRS). Each strain was defined with
a number representing the names of the founder rats, and
sublines were defined by the addition of a letter after the
number. Six lines, including sublines, were produced
and their strain names, mutations they carried, and gen-
erations at the end of February, 2010 were as follows:
KFRS2/Kyo carrying sat and sia (F18), KFRS3A/Kyo
carrying am and Pel (F19), KFRS3B/Kyo carrying g and
Pel (F20), KFRS4/Kyo cairying dmbo and hs (F18),
KFRS5A/Kyo carrying Re (F19), and KFRS6/Kyo car-
rying Be (F17) (Fig. 1 and Table 1).

Mode of inheritance and genetically mapped region of
Jfancy mutations

In cross 1, 40 had satin-type body hair and 42 had
normal body hair. Thirty-six had a siamese coat color,
while forty-six had normal coat color. These findings
indicated that both the sat and sia mutations were auto-
somal recessive. The linkage map including sat was
D3Got76 — 1.2 ¢cM ~ D3Got69, sat — 1.2 ¢cM — D3Mco?2.
The sat locus spanned the 9.1-Mb region defined by
D3Got76 and D3Mco2. The linkage map including sia
was DIRat273 — 2.4 cM — sia — 2.4 cM — DIRatl38.
The sia locus spanned the 4.9-Mb region defined by
DIRat273 and DIRat138.

In cross 2,47 had American mink-type body hair and
51 had normal body hair, indicating the am mutation was
autosomal recessive. The am showed no recombination
with DIRat214 and DIMgh35 in 98 meioses, which
indicated that am was located <3.0 cM away from these-
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KFRS3AIKYo KFRS3B/Kyo

KFRS4/Kyo

Fig. 1. Kyoto Fancy Rat Stock (KRFS) strains. (A) KFRS2/Kyo, 2 months of age, sat/sat,
sia/sia. (B) KFRS2/Kyo, 3 weeks of age, Left; sat/+, sia/sia. Right; sat/sat, sialsia.
Note that siamese marking of the nose is apparent in the adult sia/sia rat, compared
with the young rat. (C) KFRS3A/Kyo, am/am. (D) KFRS3B/Kyo, Upper; g/g, Pell+.
Lower; g/g. (E) KFRS4/Kyo, dmbol/dmbo, hs/hs. (F) KFRS5/Kyo, Re/+. (G) KFRS6/
Kyo, Be/Be, c/c. All strains are homozygous for a.

markers with 95% probability [7]. somal recessive. The linkage map including g was
In cross 3, 46 had grey-type body hair and 41 had  D8Rat36 -6.9 cM —DS8Rat182,g—14.9 cM —DS8Rat131.
normal body hair, indicating the g mutation was auto-  The g locus spanned the 37.9-Mb region defined by



152 T. KURAMOTO, ET AL.

D8Rat36 and DSRarl31.

In cross 4, 55 had dumbo-type ears and 44 had normal
ears. Forty-five had white spots on their head and fifty-
four had no head spots. These findings indicated that

“both dmbo and hs mutations were autosomal recessive.
The linkage map including dmbo was DI4Arb10 - 1.0
cM —~DJ14Rat37,dmbo — 6.1 cM —DI4Rat57. The dmbo
locus spanned the 5.7-Mb region defined by DI4Rat10
and DI4Rat57. The linkage map including As was
DI15Got78 — 5 cM — hs — 12 ¢cM - D15Rat26. The hs

locus spanned the 6.6-Mb region defined by D15Got78 -

and D15Rat26.

In cross 5, 24 had Rex-type body hair and 26 had
normal body hair, indicating that the Re mutation was
autosomal dominant. Re showed no recombination with
D7Mitl and D7Rat80 in 50 meioses, indicating that Re
was located <5.8 cM from these markers with 95% prob-
ability [7].

Using crosses 6 and 7, we carried out genetic analysis
of the Be mutation. In rat fanciers, it is known that the
Be mutation masks the coat color only in combination
with the albino mutation. This combination produces
rats with a pale creamy white coat color and black eyes.
To elucidate the inheritance pattern of the black eye, we
first crossed a SRRO6 male with BN/SsNSlc (a/a, b/b,
C/C) rats. Since all (BN/SsNSlc x SRRO6)F, rats had a
black coat and pigmented eyes, we backcrossed F, fe-
males to SRRO6 males. In cross 6, 27 had a white coat
with black eyes, and 21 had a colored coat with black

eyes. The phenotype of the white coat with black eyes.

was completely cosegregated with a missense mutation
at Tyr, Arg299His, found in the albino Wistar rat [4].
Direct sequencing of the Tyr gene of the SRR06 genome
demonstrated that SRRO6 also harbored the Arg299His
missense mutation (data not shown).

To elucidate the inheritance pattern of the black eye
on the albino background, we crossed a SRRO6 male
with albino WTC/Kyo (a/a, B/B, c/c) rats. All (WTC/
Kyo x SRRO6)F, rats had a white coat and black eyes.
We then backcrossed the F, females to WTC/Kyo males.
" In cross 7, 29 had a white coat with black eyes, and 38
had a colored coat with black eyes. These findings in-
dicated that the Be mutation was a single autosomal
mutation and manifested dominantly only in the presence
of the albino mutation in the homozygous state.

Table 2. Number of embryo-fetal deaths found in Pear]l mu-
tants

Stage of embryo-fetal death Cross to produce embryos

+/+ x Pell+ Pell+ x Pell+

Implantation site 00+0.0 0.0+0.0
Resorbed embryo 0204 3.0 £ 0.6%*
Placental remnant 0.0+00 0.5 +£0.5%
Early macerated fetus 00+0.0 0.0x0.0
Late macerated fetus 00+0.0 0.0+0.0
Dead fetus 0.0+0.0 0.0+0.0

Total 3.5+£0.8%*

02+04
*: P<0.05, **: P<0.01.

Embryonic lethality of the Pearl (Pel) mutation

There were no significant differences in the numbers
of corpora lutea [12.5 + 1.6 vs. 12.7 £ 0.8 (mean + SD),
P=0.42] and implantations (12.2 £ 1.6 vs. 11.7 £ 0.5,
P=0.25) between wild-type (+/+) and Pearl (Pel/+) fe-
males both crossed with Pearl (Pel/+) males. Meanwhile,
embryo-fetus deaths were significantly higher in (Pel/+
x Pel/+)F; embryos than in (+/+ x Pel/+)F; embryos: 3.5
+ 0.8 vs. 0.2 + 0.4, P<0.01 (Table 2). Embryo-fetus
deaths found in (Pel/+ x Pel/+)F,; embryos included re-
sorbed embryos (3.0 = 0.6) and placental remnant (0.5
+ 0.5). The proportion of embryo-fetus deaths with re-
gard to the number of corpora lutea in (Pel/+ x Pel/+)F,
was 27.5%, which agreed with 25% embryo-fetus death
when homozygous lethality occurred in Pel/Pel em-
bryos.

Identification of siamese as a missense mutation in the
Tyrosinase gene .

Tyrosinase (Tyr) was thought to be a good candidate
for sia, because mouse himalayan mutation (%) at the
Tyr locus showed an extremely similar coat color phe-
notype to the siamese rat. Direct sequencing revealed a
missense mutation (c. 235 T>C, p. Ser79Pro) in exon 1
of the tyrosinase gene in the sia/sia homozygous genome
(Fig.2). This missense mutation was completely coseg-
ragated with the siamese coat phenotype in 82 (BN x
SRRO02)F; x SRR02 BCP and was not found among 34
rat inbred strains (data not shown).
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79
Ser
CGTGAGTCCTGGCCC

+/+ : ‘ /\W

79
Pro
GGTGAGEGCGCTGGGCCC

sia/sia

Fig. 2. Identification of siamese mutation. Se-
quence analysis of Tyr cDNA from wild-
type and sia/sia rats. In the sia/sia rat, a
nucleotide conversion T to C (red) was
found at the position of nucleotide 253 of
rat Tyr cDNA. The sig mutation converts
the amino acid residue at codon 79 from
serine (Ser) to proline (Pro).

Discussion

From mapped positions and phenotype resemblances
to existing mutations of rats or mice, we selected candi-
date genes for the fancy mutations (Table 1). For Myo5a
and Ednrb, rat mutations have been identified: dilute-
opisthotonus (dop) mutation in Myo5a [8] and spotting
lethal (s/) mutation in Ednrb [15]. We confirmed the
absence of these mutations in grey-homozygous
KFRS3B/Kyo and head spot-homozygous KFRS4/Kyo
rats (data not shown). Therefore, all the fancy mutations
isolated were likely to be ﬁnique and our study has made
them available to the laboratory.

The Ser79Pro missense mutation was completely
cosegregated with the siamese phenotype and was spe-
cific to KFRS2/Kyo. Missense mutations around the
79th amino acid of TYR provoke albinism in mice and
humans, suggesting that this region plays an important
role in hair and skin pigmentation [3, 24]. Therefore,
we concluded that the S79P missense mutation is respon-
sible for the siamese phenotype in rats. Tyrosinase is
the key enzyme involved in the melanin biosynthetic
pathway and is responsible for the rate limiting step [5].
Mutations in the TYR gene cause human oculocutaneous
albinism 1 (OCA1) [24]. Although there are more than

100 mutations in the mouse 7yr locus, such as albino
(Arg77Leu), himalayan (His420Arg), and chinchilla
(Ala482Thr) [3], increasing the range of Tyr mutations
will provide a wealth of information on the biology of
tyrosinase and lead to better understanding of the patho-
genesis of OCAL.

In addition to previous work on the Pear]l phenotype
[26], we revealed that approx. 25% embryos were large-
ly resorbed, suggesting that Pel/Pel embryos die in the
early stage of organogenesis (gestation days 10 to 12)
[6]. There is a close relationship between Pel and ago-
uti (A) [26]. In the current study, we carried out pre-
liminary genetic analysis using 46 g-homozygous rats
from cross 3. However, we failed to find a linkage re-
lationship between Pel and D3Mit2, a SSLP marker
located 2 ¢cM apart from A, which suggests that multiple
genetic determinants might be involved in the expression
of Pel.

To our knowledge, this study is the first report on the
systemic introduction of fancy-derived mutations to the
laboratory. Fancy rats are considered to be a good source
for developing a new bioresource of rats. They allow us
to isolate rat mutations effectively. Usually, the rate at
which new mutations arise spontaneously is exceed-
ingly low: it is known that, on average, only one gamete

* in 100,000 is likely to carry a detectable mutation at any

single locus naturally occurring mutation rate [28], which
means that the discovery of mutations depends on chance.
In this study, we could isolate 9 unique mutations from
only 6 founder rats, and it took only a few generations
to isolate them. Moreover, fancy rats are usually kept
by outbreeding, so when they are subjected to inbreeding
in the laboratory, hidden mutations sometimes manifest.
Actually, we observed the cataract and sterile pheno-
types, which were unknown in the SRR, at several gen-
erations after starting inbreeding (data not shown).
Fancy rat colonies are thought to be maintained rela-
tively independent of laboratory rats and have unique
breeding histories different from the laboratory rats [2].
Therefore, it is expected that the fancy-derived KFRS
strains will retain their unique genetic background dif-
ferent from laboratory rats, although almost half of them
are derived from laboratory rats. The IS/Kyo strain
originates from a cross of a wild captured male rat with
Wistar female rats [13] and shows a clearly different
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genetic background from other strains [20]. Systematic
phenotypic analysis of IS/Kyo rats uncovered their
unique traits, such as hypotension and high body tem-
perature, which implies that a wild-derived genome
might confer these unique traits [19]. Following sev-
eral generations, all KFRS strains will be established as
full inbred strains. Thus, we consider that the system-
atic genotype and phenotype analyses of these KFRSs
will reveal their genetic background and untapped unique
traits, which make them potential disease models. Fi-
nally, phenotypically annotated KFRSs will contribute
to increase the scientific value of rats.
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‘Poly-ADP-ribosylation.is a unique post-translational modification catalyzed by
poly(ADP-ribose) polymerase (PARP) using B-NAD" as a substrate. PARP-1 is activated by
DNA strand breaks and is involved in DNA repair pathways, including base excision
repair (BER) and single and double sirand break repairs. PARP-1 is also involved in the
regulation of transeription and chromatin function. Poly(ADP-ribose) is degraded mainly
by poly(ADP-ribose) glycohydrolase (PARG) to ADP-ribose in the cells.

We: have investigated the role of PARP-1 and PARG in the maintenanice Of':genomic
stability and carcinogenesis. Parp-1*mice” showed increased incidence of fumors induced
by alkylating agents, including N-nitrosobis (2-hydroxypropyl) amine (BHP). No increase
in the incidence was observed in the case with.4-nitroquinoline 1-oxide (4NQO)?. This

- susceptibility ~differer§cegmay reflect the active involvement of PARP-1 in BER and strand

break repair working after alkylation damage on DNA but not nucleotide excision repair,
which targets bulky DNA adducts induced by 4NQO.

The frequencies of both simple and complex-type-deletion mutations, but niot base
substitution mutations, were augmented in the livers of Parp-1* compared to Parp-1** mice
after BHP treatment?. Parp-1 deficiency also caused an increase of deletion mutations ifi
the liver at an advariced dge”. PARP-1 is thus involved in suppressing imprecise repair of
DNA damage leading to deletion mutation. This role of PARP-1 was further confirmédbya
‘cell-free repan' assay system of double strand breaks.

On the other hand, when we analyzed miitations in Parp-1+ and Parp-1* tice 3 days
after y-itradiation at 8 Gy, the'frequencies' of deletionn mutation were increased 3-fold in
Parp-1+* mice by y-irradiation, whereas the those in Parp-1* mice ‘were not increased as in
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the case of knockout mice defective in end-joining repair.

Specific and potent PARP inhibitors have been developed and are now in clinical trials
of cancers. Because Parp-1* mice showed increased susceptibility to tumor induction by
alkylating agents*® and higher frequencies of delefion mutations and other genomic
instabilities®”, there is a possibility that the long-term effect of PARP inhibitors on genomic
instability and cancer risk could be a potential problem in therapeutic use.

Parg” mouse ES cell lines, established by disrupting both alleles of Parg exon 1,
exhibited enhanced lethality after ’y—irra&iation, treatment with cisplatin® and
methylmethanesulfonate (MMS) compared with wﬂd'-type ES cells. After MMS treatment,
early events were enhanced, such as accumulation of poly(ADP-rib’ose), p53 network
activation, NAD depletion, yYH2AX foci formation and S-phase arrest in Parg” ES cells.
Later, the cell death processes, including caspase activation, and DNA fragmentation, were
augmented. These results suggest the possibility that PARG is also involved in DNA
damage response and functional inhibition of PARG possibly leads to sensitization of
tumor cells to chemo- and radiation therapies. There are only a few PARG inhibitors
available and the development of new specific PARG inhibitors is expected.

Alkylating agents
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Figure 1 Model for DNA repair response under Parp-1 deficiency.
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Abstract

Background: During fertilization, pronuclear envelope breakdown (PNEB) is followed by the mingling of male and female
genomes. Dynamic chromatin and protein rearrangements require posttranslational modification (PTM) for the
postfertilization development.

Methodology/Principal Findings: Inhibition of poly(ADP-ribose) polymerase activity (PARylation) by either PJ-34 or 5-AlQ
resulted in developmental arrest of fertilized embryos at the PNEB. PARylation inhibition affects spindle bundle formation
and phosphorylation of Erk molecules of metaphase Il (Mll) unfertilized oocytes. We found a frequent appearance of
multiple pronuclei (PN) in the PARylation-inhibited embryos, suggesting defective polymerization of tubulins. Attenuated
phosphorylation of lamin A/C by PARylation was detected in the PARylation-inhibited embryos at PNEB. This was associated
with sustained localization of heterodomain protein 1 (HP1) at the PN of the one-cell embryos arrested by PARylation
inhibition.

Conclusions/Significance: Our findings indicate that PARylation is required for pronuclear fusion during postfertilization
processes. These data further suggest that PARylation regulates protein dynamics essential for the beginning of mouse
zygotic development. PARylation and its involving signal-pathways may represent potential targets as contraceptives.
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Introduction

Fertilization comprises a series of biological steps beginning with
the recognition between the egg and sperm cells and ending at the
mingling of genetic materials of these two cells [1]. Previous studies
have elucidated the behavior of various cell organelles and
proteins within the egg during fertilization [2]. In humans, arrest
of fertilized eggs at the pronuclear (PN) stage is commonly
observed after  zitro fertilization (IVF) or intracytoplasmic sperm
injection (IGSI) [3]. We know little about the molecular
mechanisms of the pronuclear envelope breakdown (PNEB) and
the mingling of male and female genomes. Since zygotic genes are
largely expressed only after the first cleavage of embryos [4], it is
most likely that the posttranslational modification (PTM) of
maternal proteins plays central regulatory roles before and during
the PNEB.

A wealth of study has reported the dynamic PTMs of nuclear
proteins during the first cell-cycle of mouse development.
Phosphorylation transmits intracellular signals into nuclear
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proteins, which mainly drives progression of the first cell-cycle
[5]. Like in carcinogenesis and other cellular processes, chromatin
modification systems including histone acetylation and methyla-
tion in early embryos are involved in the gene expression
regulation mediated by remodeling of chromatin structure [6].
Chromatin modifications are different between parental chroma-
tins at the one-cell embryo [7]. Although biological significance of
the PTM is clusive during postfertilization development, it is
acceptable that the maternal PTM would regulate zygotic gene
activation at the 2-cell stage embryos [8].

To understand the molecular machinery essential for the
postfertilization events, we studied the effects of reagents that
affect poly(ADP-ribosylation) (PARylation). Poly(ADP-ribose)
polymerase (Parp) is known to contribute to DNA repair,
transcription, and spindle assembly by transferring negatively
charged poly(ADP-ribose) polymers (PAR) to acceptor proteins
[9,10]. While the mice lacking Parpl, the most abundant PARP,
are viable and fertile [11], those lacking both Parpl and Parp 2 die
at the onset of gastrulation [12]. PARylation is also regulated by
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poly(ADP-ribose) glycohydrolase (Parg), which cleaves ribosyl-
ribose linkages of ADP-ribose polymer. Mice lacking the Parg gene
are lethal during cleavage-stage of mouse embryogenesis, with
accumulation of ADP-ribose polymers [13]. These data suggest
that the PARylation contributes to the early stages of mouse
embryogenesis. Recent studies elucidated that PARylation system
is regulated by Parp family genes, 17 of which have been identified
so far [10]. We addressed the role of total PARylation reactions
catalyzed by members of Parp family during fertilization process,
utilizing PARP inhibitors. In the case of Parp knockout animals,
we are not able to avoid compensatory effects of other Parp family
members. The use of PARP inhibitors could enable us to examine
the effects of blocking whole PARylation reactions. These data will
elucidate biological windows for the dissection of the complex
PARylation system during mouse embryogenesis. i

Results

Levels of Parp1, ADP-ribose polymer, Parg, and Parp-
family gene expression in Mll oocytes and postfertilized
embryogenesis

To assess the presence and activation of PARylation system in
oocytes, we first examined the localization of Parpl and
poly(ADP-ribose) (PAR) in the MII oocytes and one-cell embryos.
Immunoreactivity on meiotic spindles of MII oocytes was detected

hpf 0 0.5

Parp1

PAR

H

M Parp2 Pap3  Parpd  Tnkst

PolyADP-Ribosylation in Eggs

for Parpl, but not for PAR (Figure 1A, D). Upon fertilization,
signals on meiotic spindles were detected for both Parpl and PAR
(Figure 1B, E). Six hours after IVF, pronuclear staining was
observed for both Parpl and PAR (Figure 1C, F). We next
analyzed Parg activity by measuring the release of ADP-ribose
from PAR as substrates in the extracts prepared from MII oocytes,
Sr**-activated parthenogenetic embryos and IVF one-cell embryos
(Figure 1G). The Parg activity was detected in all of the above,
indicating that Parg also regulates PARylation in unfertilized and
postfertilized (activated) eggs. The RT-PCR analyses exhibited
that 12 of 17 Parp family and the Parg genes were detectable
(Figure 1H).

Developmental arrest of PJ-34 treated embryos at the
pronuclear fusion during postfertilization development
We next performed IVF to examine the significance of
PARylation in postfertilization period (Table 1, Figure 2A). Effects
of PARylation inhibition were assessed with 4 different protocols
(Figure 2A). In Exp. 1, no Parp inhibitor was added. In Exp. 2,
Parp inhibitors were added 1 hour before IVF or ICSI,
subsequently incubated for 6 hrs, and then embryos were
transferred in the new culture media without Parp inhibitors. In
Exp. 3, Parp inhibitors were added 6 hrs after IVF or ICGSL In
Exp. 4, Parp inhibitors were added 1 hr before IVF or ICSI and
were present throughout the experiments. PJ-34 [14] and 5-
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Figure 1. Expression of Parp, PAR level and Parg activity in the mouse oocytes. Immunofluorescence analyses of Mil oocytes (A, D),
embryos at 0.5 hpf (B, E) and 6 hpf (C, F) with antibody for Parp1 (A-C) and PAR (D-F). Detected antigens were colored with green. DNA was
counterstained with Pl, colored in red. White circles represent the outlines of pronuclei (PNs). Bars indicate 20 pum. (G) Thin layer chromatography
(TLC) for the detection of poly(ADP-ribose) glycohydrolase (Parg) activity. Purified GST-Parg proteins and crude extracts from MIl oocytes,
parthenogenetic (activated) and untreated (IVF) embryos at 15 min and 5 hrs after activation/fertilization were loaded and reacted with synthetic
PAR polymers. Release of ADP-ribose was detected by the mobility of spots from origin. A spot with high-mobility in the GST-rat Parg-loaded lane
represents adenosine monophosphate (AMP). (H) RT-PCR analyses with primer sets for the 12 Parp-family genes, the Parg gene, and glyceraldehyde-
3-phosphatase dehydrogenase (G3pdh) gene. Amplified DNA with cDNA synthesized with reverse transcriptase (+) or without enzymes (—) was
loaded in each lane. PCR reaction was carried out with the number of cycles indicated. The 100-bp ladder marker DNA was shown (M). The lowest
DNA band corresponds to the 100 base pair (bp).
doi:10.1371/journal.pone.0012526.g001
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aminoisoquinolinone (5-AIQ) [15] were used as PARylation
inhibitors in this study. ICso of PJ-34 for PARP-1 activity is
20 nM [14]. In normal or cancer cells, inhibitory effect of PJ-34 on
PARylation is usually assessed at around 3-10 uM, for example, in
A549 cells [16], and cardiac fibroblasts [17]. On the other hand,
the effects of PARylation inhibition are also assessed at 30 uM PJ-
34 in macrophages [18], T cells [19], neurons [20], or human
breast cancer cells MCF-7, and MDA231 [21]. The permeability
of the oocyte membrane is unique, and many investigations have
been carried out at different concentrations of chemicals
compared to the cases of cell lines i wvitro. 3-AB was used at
5 mM as a Parp inhibitor for oocyte treatment, which has ICsg
value for PARP-1 activity around 30 pM [22]. Based on this
information we used a concentration of 30 pM PJ-34 for treatment
of oocytes in this study. The first mitotic cleavage was not
completed when the IVF embryos were incubated with 30 uM PJ-
34 (0/189 (0%)) or 20 uM 5-AIQ (0/78 (0%), Exp. 4) (Table 1).
Transition beyond the 2-cell embryos was slightly perturbed when
incubated with 6 uM PJ-34 (86/90 (95.6%)) or 4 uM 5-AIQ) (64/
78 (82.1%)) (data not shown). The lower frequency of development
to 2-cell embryos was observed when the embryos were incubated
for 18 hrs from 6 hrs after IVF with 30 uM PJ-34 (47126 (3%))
and 20 pM 5-AIQ (3/71 (4.2%), Exp. 3). We also performed
intracytoplasmic injection (ICSI) experiment to omit the possible
damage on spermr DNA by the PARylation inhibitors in the
culture medium. Development to 2-cell embryos was stopped
when the ICSI embryos were incubated for 25 hrs with either
30 pM PJ-34 (0/104 (0%)) or 6 pM PJ-34 (7/102 (7%), Exp. 4).
The frequency of developmental arrest was higher in the ICSI
embryos treated with 30 uM PJ-34 from 6 hrs after injection of
sperm into oocytes (0/63 (0%), Exp. 3), than embryos treated with
PJ-34 for 6 hrs after injection of sperm into oocytes (26/74 (35%),
Exp. 2). These data indicate that PARylation inhibition results in
developmental arrest of the first mitotic cleavage in mice.

@ PLoS ONE | www.plosone.org

Table 1. Postfertilization development of untreated and PARP inhibitor-treated mouse embryos.
No. oocytes No. of embryos developed
Test Exp.* Chemicals Dose (uM) examined to 2-cell (%)** Blastcyst (%)**
IVF 1 untreated 0 258 245 (100)° 224 (96.1)
2 PJ-34 30 174 161 (95.8) 134 (93.3)
5-AlQ 20 63 58 (99) 471 (92.1)
3 PJ-34 - 30 126 43.2)? 0 (0
5-AlQ 20 71 342? 0(0?
4 PJ-34 30 189 o0 (0 0 (0
5-AlQ 20 78 0 (0 0(0)®
ICSI 1 untreated 0 118 103 (87.3) 94 (79.7)
2 PJ-34 6 86 67 (77.9) 62 (72.1)
5-AlQ 30 74 26 35.1)° 22 (297)°
3 PJ-34 6 67 11 (16.4)° 3 (4.5)
5-AIQ 30 64 0P 0 (o®
4 PJ-34 6 102 7 (6.9)° 6 (5.9)°
5-AlQ 30 104 0(0? 0 (02
*PJ-34 or 5-AlQ was added 1 hr before IVF or ICSI and removed 6 hrs later (Exp. 2), added 6 hrs after IVF or ICSI (Exp. 3), and added 1 hr before IVF or ICSI and
continuously treated for subsequent 24 hrs (Exp. 4). Inhibitors were included in the medium at the designated doses and the developmental effects were shown. Both
PJ-34 and 5-AlQ were used for IVF and PJ-34 was used for ICSI. Development of untreated embryos was assessed as positive control (Exp. 1). Each experimental
procedure was illustrated in Figure 2A. N i6ped
**Percentage is calculated by the formula: (%)= uioker ot phibres divi .()pe - % 100.
o e P ) K Number of gocytes examined.
2 PStatistic significance is compared with number of untreated odcytes or embryos by t-test (p<<0.01 (a), p<0.05 (b)).
doi:10.1371/journal.pone.0012526.t001

Experiments with PARylation inhibitors suggest that PARylation
is more important for the late PN stage of mouse embryogenesis.
ICSI experiments suggest that developmental defects by PARyla-
tion inhibition are mainly due to the effects on maternal genetic
materials or proteins.

We observed a vast majority of non-treated one-cell embryos
36 hrs after IVF progressed to the first mitotic cleavage (Figure 2B),
whereas PARylation-inhibited embryos stopped at the pronuclear
envelope breakdown (PNEB) (Figure 2C, D). Further analyses

~ evaluated the cell cycle progression of PARylation-inhibited embryos

by immunofluorescence. BrdU incorporation (Figure 2M-P) and
phosphorylation of histone H3 at serine 10, which is known as a G2
phase and mitotic marker, were detected in the both pronuclei (PNs)
of one cell embryos untreated or treated with 30 uM PJ-34 or 20 pM
5-AIQ 10 hrs after IVF (Figure 2E-L). These data indicate that DNA
synthesis and progression to G2 phase are occurred in both untreated
or PARylation inhibited PNs.

- Male PNs were preferentially stained with the phosphorylated
histone H3 antibody by PARylation inhibition, which may be due
to the accelerated S-phase progression of male PNs. However,
there is another possibility that the increased content of histone H3
in male PNs compared to female-PNs by PARylation inhibition
could cause the differential staining with phosphorylated histone
H3 antibody. Further analysis should elucidate the detailed roles of
PARylation in the replication timing in PNs. These data suggest
that PARylation is required for PNEB, but DNA synthesis and
cell-cycle progression to G2 phase are not largely affected by
PARylation inhibitor.

Spindle modification by PARylation in Ml oocytes and
postfertilization development

To explore the cause of developmental arrest by PARylation
inhibition, we first focused on spindle formation, because Parpl
signals were predominantly localized to the meiotic spindles and
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