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Abstract SNF2 family includes proteins essential to genome replication, repair, and expression. The ¢cDNA cloning and

initial characterization of a novel mouse member of this protein family was reported, and the new member was designated as

Erec6l (excision repair cross-complementing rodent repair deficiency, complementation group 6-like} by MGNC. The cDNA
of Erce6l was 4 002 bp and firstly cloned in silico and then identified by RT-PCR in mouse embryo heart. This gene was
composed of 2 extrons and mapped to mouse chromosome X. The longest ORF encoded a putative protein of 1240 amino

acids. Eight highly conserved sequence regions of SNF2 protein were present in the deduced protein. Alignment against
members of SNF2 family initially placed Erce6l into ERCC6 subfamily of SNF2 family. EGFP-tagged Ercc6l protein was
localized in cytoplasm of HeLa, NIH3T3 and B16 cells. BLAST search in EST database retrieved 69 homologous ESTs of

Erce6l, most of which were from mouse embryonic and tumorous tissues. RT-PCR performed on a panel of different mouse

tissues demonstrated that Ercc6l strongly expressed in mouse embryo but significantly downregulated in neonate and adult

normal tissue. These results suggest that Ercefl is a novel member of SNF2 family and may be crucial for development of

embryo and tumor.
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DEAD/H box-containing proteins are found in a
wide variety of species ranging from bacteria to higher
animals, DEAD/H  hox
superfamily. This protein superfamily is essential for
RNA  processing,

constituting a protein

ribosome  assembly,  translation

involved  in
and cell growth and division
DEAD/H box proteins contain a signature protein
sequence motif, in which an DEAD/H box { a
conserved Asp-Glu-Ala-Asp/His motif) is found in
tandem  with an  A-type  ATP-binding  site
{ AXXXXGKT )%, Based  upon  sequence
conservation, DEAD/H box-containing proteins can be
subdivided into several families. One such family is the
SNF2 family, the members of which share similarity to

the yeast transeriptional activator protein SNEF2. All

initiation  and
embryogenesis,

spermatogenesis,
[1~4]

members of this family have the ability to hydrolyze
NTPs, and many have heen shown to function in
DNA recombination and
Here we characterize a novel member of

transcriptional regulation,
repairm.
SNF2 family, designated as FErce6! ( excision repair
cross-complementing  rodent  repair  deficiency,
complementation group 6-like} by Mouse Genomic
Nomenclature Committe { MGNC). The GenBank
Accesion Number for Eree6l is AY172688. This gene
was firstly identified in silico and then verified by RT-
PCR. The expression pattern analysis suggests that
Erce6l might implicate in embryo development and
tumor genesis.

1 Materials and methods

1.1 Preparation and reverse trancription of RNA
Total RNA was prepared from balb/c mouse
vatious organ of different developmental stages using
TRIzol { Gibco BRL, Grandisland, NY) according to
the manufacturers recommendations. Proper quantity of
total RNA was reverse transcribed to first strand ¢DNA
using oligo-dT (12 ~ 18} and M-MLV reverse
transcriptase ( Promega}. Balb/c mice used in this
study were provided by Animal Center of Peking
University.
1.2 c¢DNA cloning and sequencing
The cDNA cloning of Ercc6l was the result of our
initial intention to identify novel genes related to
embryo ( especial embryonic heart} development by
biginformatic approach. The entire 4 002 bp Erec6l
cDNA { GenBank Accession number: AY172688) was
firstly cloned in silico by assembling of overlapping
murine expressed sequence tags { ESTs). These ESTs
were retrived by BLAST algorithms. Repeated database
searches were initiated with an EST { BB476905),
which was from mouse 13-day embryo heart. Selection
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of the initial EST was performed in 13-day embryo
heart cDNA library { RIKEN full-length enriched, 13-
day embryo heart , dbEST Library ID. 5466, Unigene
Lib. 428). Because ESTs of this library is well
annotated by Digital Differential Display ( DDD)
{ http: //www. nchi. nlm. nih. gov/unigene/info _ddd.
shtml), it is easy to select ESTs that might represent
novel genes. In  this  study, the initial EST
{ BB476905) was selected to begin the repeated
searches and extensions in EST database and finally
result in cloning cDNA of Ercefl.

In order to verify the correct assembly of the
cDNAs and confirm  the nucleotide sequences,
oligonucleotide primers were designed by usage of
Primer 5. 0 software to PCR amplify the entire coding
sequences of Erce6l from first-strand ¢DNA prepared
from 14-day mouse embryo heart RNA. The primer
sequences were 1F, 5'-GCG GTT TTA ACT GGG AGT
CT and 1R, 5'- ATT CAA GGG AAG AAC TGC TG.
PCR experiment was carried out in a reaction buffer
{50 pl} containing 4 wl template, 20 pmol primer,
100 pmol/L each of dATP, dGTP, dTTP, dCTP, 1
unit elongase mix ( Invitrogen). A touch-down PCR
profile was performed as following: 94°C 3 min; 20 x
{94°C 40 560 ~507C 40 5,68C 4 min}, 15 x{94C
40 5, 50°C 40 5,68C 4 min). Afer electrophoresis on
1% agarose, the 3 849 bp fragment of PCR product
was purified and cloned to pGEM-T easy vetor
{ Promega)}. The inserted fragment of recombined
pGEM-T easy was sequenced by the primer walking
technique using ABI PRISM 377 DNA Sequencer.

1.3 Sequence analysis

Nucleotide and amino acid sequence queries were
done with BLAST algorithms against public databases,
mainly at http: //www. nchi. nlm. nih. gov. Program
ORF Finder was used in translating the cDNA. General
protein domain and motifs was analyzed using SMART
{ http: //smart. embl-heidelberg. de} and PROSCAN
{ http: //npsa-pbil. ibcp. fr/}.
sequence alignments were performed using the ClustalX
and Bioedit software.

1.4 Subcellular localization

To generate a mammalian expression vector, the
open reading frame of Erce6l was amplified using
primer 2F {5 CTGT CTC GAG GCC ATG GAG GCT
TCC CAA G) and 2R({5'CGC GGT ACC TTC TCA
AAT GTT CAG CTG C}. The PCR product was cloned
into pGEM-T easy vector. After digested by Xho I and
Kpn 1, the ORF of Ercettl was subcloned into the
pEGFP-C3 vector { Clontech} to obtain an in-frame
fusion protein between the green fluorescent protein
{ EGFP} and Erce6l. The resulting construct was
called pEGEFP-Ercc6l. Then, three cell lines ( Hela,
NIH3T3 and B16} were transfected by pEGEFP-Erecol
and pEGFP-C3 with Lipofectin2000 { Invitrogen )

Multiple amino acid

according to the manufacturer’s instructions. The three
cells were grown in Dulbecco’s meodified Eagle’s
medium supplemented with 10% fetal calfl serum.
Expression of {fusion protein was examined by
fluorescent microscopy. Among the three cell lines,
3T3 was originally derived from mouse normal
embryonic fibroblast, Hela was a human cervical
cancer cell line, and B16 was a mouse melanoma cell
line. The three cell lines were easy to be transfected,
and moreover, all of them were from embryonic or
tumorous tissues, consistent with the expression pattern
of Erccol. Therefore, pEGFP-Ercc6l fusion protein
expressed in these cells could substantially tell the
subcellular localization of Ercc6l protein.
1.5 RT-PCR analysis of expression pattern
Reverse transcription PCR { RT-PCR) assay was
performed on a panel of mouse multiple tissues cDNAs
{ Mouse MTC panel T, Clontech) and the ¢cDNA from
various organs of different developmental stages using
primers specific for Ercetl (3F: 5'TCT CCC TIT CCA
TTC TCA TCT GTG; 3R: 5'CCT CCT GTA TCT TCC
CGC ACT C.} The primer pair was expected to amplify
a segment of 502 bp corresponding to nt 3 185 ~
nt 3 686 of Erce6l cDNA. PCR cycle was 94°C 3 min,
36 x{947C 30 5;56°C 30 s; 70°C 50 s} ; 70°C 5 min.
5 wl of the reactions were separated on agarose gel
containing  ethidium  bromide.  Expression  of
housekeeping gene G3PDH was also assayed to check
the mRNA abundance in different eDNA samples. The
primer pair for GIPDH was: sense primer 5" TGA
AGG TCG GTG TGA ACG GAT TTG GC; antisense
primer 5" CAT GTA GG(C CAT GAG GTC CAC CAC.
PCR cycle for G3PDH was 94°C 3 min; 25 x (94°C
30 5;68C 90 g}; 68T 5 min.

2 Results

2.1 Cloning and analysis of Ercc6l cDNA
Repeated database searches initiated with an EST
{ BB476905) retrieved a large number of homologous
EST sequences. Assembling of these EST produced a
4 002 bp cDNA sequence of Erce6l { GenBank Acc. No
AY172688). It contains an open reading frame ( ORF)
of 3 723 bp with a likely intiator ATG at nt 59 and stop
codon at nt 3 781. The methionine residue at the
beginning of the ORF is in a suitable context for the
initiation of translation'”. A polyA-signal cencus
sequence ATTAAA occurs at nt 3 984, BLAST search
to mouse genome mapped Erce6l o mouse chromosome
X. It composed of 2 extrons within 14 076 bp mouse
genome. The 2 extrons are 126 bp and 3 876 bp
respectively and separated by an intron of 10 074 bp.
Two turns of RT-PCR with primer 1F and 1R
amplified a 3 849 bp segment from mouse 14-day
embryo heart ( Figure 1)}. Sequencing the insert
fragment of recombined pGEM-T easy showed that the
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3 849 bp segment was exactly the region of 4 002 bp
cDNA between nt 9 to nt 3 857, containing the entire
coding sequence of Erec6l. This result experimentally
confirmed the correct nucleotides sequence firstly
cloned in silico.

bp

5 000

2 500

Fig. 1 Results of PCR identification of
3 849 bp cDNA of Ercc6l
I: DNA molecular mass marker ( DL15000, TaKaRa);
2: PCR product.

2.2 Analysis of the predicted Ercc6l protein

The longest ORF of Ercc6l cDNA is capable of
encoding a 1 240 amino acid { aa )} polypeptide with a
predicted molecular mass of 139 ku and theoretical pf
of 5.4. Querying the general protein domain servers
with the aa sequence revealed that Ercc6l protein
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contains a SNF2  family  N-terminal domain
{ pfam00176, SNF2_ N) and a helicase superfamily C-
terminal domain { smart00490, HELICc). Proscan
analysis revealed the presence of DEAD/H box, which
is a conserved marker of DNA- and RNA- binding
proteins classified as helicase in organism ranging from
Escherichia coli to mouse. An A-type ATP-binding
site, p-loop (AXXXXGKT} was found in tandem with
DEAD/H box, indicating an ATP-dependent helicase
activity. This is a common feature in DEAD/H box
protein® . Eight highly conserved motifs, ecollectively
considered as SNF2 domain, were present. All these
features suggest that Ercc6l may be grouped to SNF2
family of DEAD/H hox-containing helicase.

Eisen et al'® divided SNF2 family into multiple
subfamilies, each of which represented a functionally
and evolutionally distinct group. Based on the method
Eisen et al. had developed, a partial alignment was
performed within SNF2 domain for Erce6l against the
representatives of subfamilies in SNF2 family ( Figure
2). Less conserved regions ( such as the regions
flanking the SNF2 domain and the variable spacer
regions) were not used, because of problem in
obtaining unambiguous alignments in these regions.

The result demonstrated that Ercc6l shared more
similarity to ERCC6 than to others.
sequence motifs and similarities in less conserved
regions also identified its structural similarities to

ERCC6.

Analyzing the

For example , we did not find bromodomain

Fig.2 Comparison of Ercc6l with the representative members of subfamilies in SNF2 family
Partial sequence alignment of Erce6] and other SNF2 proteins, which are representative members of subfamilies of SNF2 family.
Eight conserved regions are present, with the number of separating residues indicated between the blocked amino acids.
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motif and RING finger-like motif in Erce6l protein.
According 1o these resulis and what Eisen et al had
defined, we initially placed Ercetl in ERCC6
subfamily, the members of which may function in
transcription-coupled repair ( TCR} .
2.3 Subcellular localization of Ercc6l

The subcellular localization of fusion protein was
examined by fluorescent microscopy 24 ~ 48 h after
transfection. In all the three cell lines, EGFP alone
was localized throughout the cells, however, the
EGFP-tagged Erce6l protein was excluded from nucleus
and evenly distributed the cytoplasm of the transfected
cells ( Figure 3}.

pEGFP-C3 pEGFP-Ercctrl

Hela

Fig. 3 Subcellular distribution of EGFP tagged Ercc6l
protein
Hela cells (aand b}, 3T3 cells (¢ and d) and B16 cells (e and ) were
transfected with pEGEFP-C3 or pEGFP-Ercetl respectively and analyzed
by fluorescent microscopy 24 ~ 48 h after transfection.
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2.4 Expression analysis of Erec6l
2.4.1 Digital expression profiles of Erce6l

Publicly available EST collections are a valuable
source of expression data. To some extent, counting
the frequency of homologous ESTs from different cDNA
libraries could reveal gene expression in different
tissues or developmental stages'”. BLAST to EST
database retrieved 69 homologous mouse ESTs of
Ercel. These ESTs were included in various cDNA
libraries such as mammary, heart, brain, spleen,
kidney and so on. Further more, we carefully analyzed
the database records of these 69 homologous ESTs and
found that 27 ESTs were from embryo, 7 ESTs were
from neonate, 19 ESTs were from tumorous cell lines or
tissues ( including 12 ESTs from breast cancer cell lines
Jyg MC, 2 ESTs from mammary infilirating ductal
carcinoma, 3 ES8Ts from melanoma cell line B16, and
2 ESTs from lung spontaneous tumor}, and the
remaining 16 ESTs were mainly from young mouse or
various kinds of prolifering cell ( Figure 4} .

30

20 |

EST

]

neonate tamor others

embryo
Fig. 4 Results of counting the homologous ESTs of Ercesi

2.4.2
RT-PCR
RT-PCR analysis revealed that transcript of Erectl
gene expressed strongly in spleen and lung, faintly in
testis and not in other tissues of 8 ~12 weeks mouse.

Expression profiles of Erce6l analyzed by

However, strong expression was detected in embryo
especially during embryonic 11 ~15day ( Figure 5a) .

5 6 7 8 9 io II 12

951 bp

502 bp

10 11 12 13 14 I5
951 hp

502 bp

Fig. 5 RT-PCR analysis of expression pattern of mouse Erce6! trancript
{a) RT-PCR was performed on MTC panel [ ( Clonetech). Lane 7 ~&: heart, brain, spleen, lung, liver, skeletal muscle, kidney
and tgstis; Lane 9 ~12: 7-day embryo, 11-day embryo, 15-day embryo and 17-day embryo. {b) RT-PCR was performed on the
¢DNA from five organs in different developmental stages. Lane I ~5: heart, brain, kidney, liver, lung of 15-day embryo; Lane 6
~ I60: heart, brain, kidney, liver, lung of 15-day neonate; Lane 11 ~15: heart, brain, kidney, liver, lung of 15-weeks adult.
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In different developmental stages of heart, brain, kidney,
liver and lung, Eree! transeript was abundant in embryo
anel signilicantly downregulated alter bith and much less
in adull { Figure 5b). It = noticeable that Eredd! gene
expressed stongly in lung of Clonetech MTC panel |

(from 8~ 12 week mouse. Figure 5a). but weakly in
lung of neonate and adull mouvse ( their ¢DNAs were
prepared by ourselves as deseribed in materdals and
methods)
Ereoft! gene in lung might due to the difference of ¢DINA
preparation,

3 Discussion

Therefore, the inconsistent  expression of

The number of proteins assigned 1o SNF2 has
increased rapidly, but a large number of SNF2 protein are
functionally unclear. Many SNF2 [amily  members  are
major components  of SWI/SNF - complexes  that  ean
regulate
structure! ", Genetic studies in Drosephila, Arabidopsis
and mice revealed crucial moles for SNF2 homologues in

transeription by remodeling  chromatin

proper function and development of the whole organism,
for example. Drosgphila Mi-2 involved in the control of
polveomb gene repression in vive is required for nomal
germ cell development!'"'. In this study, analysiz of
expression patlem basedd on EST or BT-PCR slggests that
relative expression levels of Erce6l varied with tissues and
significantly down regulated with developmental stages. So
we think that Erce6l may play a mle in mouse embryo
development.  Another remarkable characteristic is that
farge: number of homologous EST of Ereefil also present in
tumerous tissue and cell lines, implying that Ercel may
implicate in wmor,  In addition,  using  bisinformatic
analysis, we found  that  human  cDNA - FLJ90238
{ GenBank Ace No: AKOT4T19) may be partial cDNA
sequence of the putative human othologue of  Eredl;
most of itz homologous ESTs are also from tumors| such as
gemm cell umors,  leiomyvosarcoma,  large cell carcinoma,
melanoma,  ovarian tumor,  newoblastoma,  and
aldenocarcinoma) . prolifering cells and  embrvo  lissues
(data not shown). So we think that Ereil and s
putative human ohologue are embryee and tumors specific
al some extent. Now the Tunction of Ereel in embryvo
development  and  wmor  genesis is under  extensive
investigation in our laboratory,

Using molecular phylogenetic teclhniques that Eisen
et al . had developed, we placed Ercel into the ERCC6
sublamily of SNF2 family ( in fact, this is the reason why
we name it as Erechl). So. according to what Eisen ef
al . had pointed out, Erce6l may function similarly to the
members of this sublamilv. ERCCH, also known as CSB,
is the representative and most  elearly  characterized

member  of ERCC6  subfamily.  FRCCS  involve  in

Prog. Biochem. Biophys, = 447 -

transeription coupled repair ( TCR) that s essential for
integrity of genome. Delective ERCCO has been linked 1o
human Cockayne Syndmome  complementation groups B
(CSB)'". Recent years more and more studies reported
that  ERCC& might  play  an important mle  in
cancers! ¥ However, the exact linkage remains to be
fully explored. In this studv, we showed that Erce6l
mainly expressed in embryonic or tumorous tissues and
cell lines,  which was  characterized by rapadly
proliferating.  So. we previously assumed that  Frec6l
might  impact  on development  and

susceplibility by maintaining  genome

*.1'rllrr}u Lurmor

integrity  and
regulating cell  proliferation.  Based on the  function
prediction, Erece6l was Tlisstly expected to work in nueleus
as most of repair/ transeription proteins including  some
SNF2 proteins,  However,  the EGFP-tagged  Erecl
protein was mainly  found  in - evtoplasm of the three
transfected cell lines. Therefore, it seems o be quile
reasonable that Erec6l may enter nucleus by a time or
condition dependent way, such cases were found in other
repait/ transcription proteins such as XPD'P! However,
the possibility should also be considered that EGFP tag
may cause mislocalization. Hence, where and how Ercctl
protein works  remains  to be  futher  experimentally
investigated.
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GReRDY = BU v EWEY EREY OUREY amnY

(PIERREARDASEERSR, LRSS TSESET 4 TLEYEERE, ER 100083;
DI RS TRE, R 610039)

WE SNPLFREOAEFRASN. BEE5RATAEEEFN. RIE T SNF2 ZIKEH AR Ercefl (excision repair cross-
complementing rodent repair deficiency, complementation group 6-like) B cDNA FLFE. $FtES5FRE4HT. BUFREFFIESE
(EST) 8%, WE T DNA LK 4002 bp HEHEFE Erce6l (GenBank Acc. No AY172688), #R/Fiid RT-PCR /PR
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