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Among the molecules that play an essential role in the early steps of the process of fertilisation, and in
the interaction of the sperm with the egg, are the sperm adhesion molecule 1 (SPAM1) and fertilin
B(FTN-B). This interaction, mediated by various molecules on the gametes, starts with sperm-egg
adhesion and ultimately results in the fusion of the membranes. The human fertilin B(FTN-B) and SPAM1
promoters were cloned and characterised to determine their similarity with other testis germ cells-
specific promoters, and to assess their functionality and tissue specificity. Various fragments of the
promoters were fused with GFP in an expression cassette for an in situ transcription assay using four
different cell types. Transcription initiation sites (TSS) were mapped by RACE at -127 nucleotide
position relative to the initiation codon (ATG) in SPAM1 and at -64 nucleotide position in FTN-B. Neither
the SPAM1 nor FTN-B promoter have consensus TATA or CCAAT boxes; however, they have the
initiator (Inr) motif at the transcription initiation sites and the TSF (Testis Specific Factor) motif pair, one
in either orientation. In addition FTN-B has a DPE (downstream promoter element) at +30 position
relative to the transcription start site, while SPAM1 has CRE (Cyclic-AMP Response Element) motifs at

positions -28 and -70.
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INTRODUCTION

Perhaps the most crucial and essential of the early steps
in the process of fertilisation is the interaction of the
sperm with the egg. This interaction, which is mediated
by various molecules on the gametes, starts with sperm-
egg adhesion and results in the fusion of the membranes.
Among the molecules involved in this essential role are
the sperm adhesion molecule 1 (SPAM1) and fertilin
(FTN-B). Considerable evidence suggests that the sperm
protein SPAM1, (or PH-20), located on both the plasma
membrane and acrosomal membrane, is a sperm
adhesion protein. SPAM1 has been shown to have a
hyaluronidase activity, which is necessary for penetration
of the cumulus cells (Myles and Primakoff, 1997) and
zona pellucida (Nishimura et al., 2007). Furthermore,
immunisation of the female guinea pig against purified
PH-20 protein completely inhibits in vivo fertilisation
(Dube, 2005). The human and mouse versions of the
gene have been identified, human SPAM1 maps to chro-
mosome 7g31 (Day et al., 2002) and the mouse Spam1
maps to the proximal region of chromosome 6 (Zhang,

2005).

Fertilin is a heterodimeric (subunits p and B) sperm
plasma membrane protein. Fertilin is a member of the
surface protein family called ADAMs, characterised by A
Disintegrin and A Metalloprotease domain (Wolfsberg,
1995), of which approximately 30 are known. Several
members of the ADAMs family are specifically, and some
exclusively, expressed in the testis, including fertilin [
(FTN-B) [ADAM2], cyritestin [ADAM3, tMDCI], ADAM5
[tMDCIl], ADAM6, ADAM16 [xMDC16], ADAM18
[tMDCIIl], ADAM20, ADAM21, ADAM24 [testase 1],
ADAM25 [testase 2], ADAM26 [testase 3], ADAM29 and
ADAMS30. Other ADAMSs, such as fertilin JJADAM1], are
expressed on sperm and other tissues. Five of the testis-
specific ADAMSs, fertilin B, cyritestin, ADAM5, ADAM16
and ADAM18 are expressed on male germ cells and
mature sperm (Wong, 2001). Fertilin B (ADAM2) functions
in sperm-egg fusion by binding the sperm to the egg pla-
sma membrane using the disintegrin domain (Rubinstein
et al., 2006; Ziyyat et al., 2006). Knockout male mice
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lacking either fertilin B (Nishimura et al., 2001) or cyri-
testin  (Shamsadin et al., 1999) are severely infertile.
Particularly, fertilin B sperm showed reduced levels of
binding to the egg plasma membrane. Human fertilin 8
has been mapped to chro-mosomal region 8p11.2
(Burkin, 1997), while the mouse orthologue is mapped to
chromosome 14 (Nishimura et al., 2001).

Twenty percent of human couples are sub-fertile, with a
male infertility factor responsible in half of the cases.
Human male infertility may not be due to obvious sperm
defects, as it is estimated that greater than one-third of
male factor infertility has no clear aetiology (Dokemci,
2006). A significant percentage of patients, for whom in
vitro fertilisation procedures had failed, are fertile when a
single sperm is injected into the ooplasm, using a techni-
que known as ICSI (intra-cytoplasmic sperm injection).
Higher fertilisation rates are observed in patients treated
with ICSI, compared to those who have sperm injected
into the perivitelline space (|Harari, 1995). This suggests
that sperm-egg interaction and penetration of the
perivitelline space is critical for successful fertilisation,
hence the possible relevance of fertilin B and SPAM1
genes in male factor infertility. Both SPAM1 and FTN-3
are expressed only in post-meiotic round to elongating
spermatid stages during spermatogenesis. Spermatoge-
nesis is a cyclic, exceedingly complex and very efficient
developmental process. It begins with the mitotic division
of the spermatogonial stem cells, with the daughter cells
remaining attached by a cytoplasmic bridge. These then
give rise, by subsequent mitotic divisions, to a cohort of
interconnected cells that undergo two meiotic divisions,
resulting in haploid spermatids. A complex differentiation
and transformation process called spermiogenesis is then
begun by these postmeiotic cells to produce mature
spermatozoa. These very complex processes during
meiosis and spermiogenesis require a large variety of
unique proteins not found in somatic cells or the
mitotically dividing germ cells. Many of such proteins are
expressed only in a highly regulated temporal and spatial
pattern. Given the critical role of SPAM1 and fertilin B in
fertilisation, analysis of the promoters of the genes
encoding them and the cis-elements in the promoters that
control their expression would be very important.

Gene expression is primarily regulated at the
transcriptional level and the core promoter architecture plays
the most crucial role. Nevertheless, two different segments
of promoter structure and function have been described for
RNA polymerase |l transcription in eukaryotes: a core
promoter region of around 50-400 nucleotides adjacent to
the transcriptional start site and more distant promoter
elements (Malik et al., 2007; Baek et al., 2006). In RNA
polymerase Il transcription the core promoter elements are
defined as 'minimal DNA elements that are necessary and
sufficient for accurate transcrip-tion in a reconstituted cell-
free systems'. The two key genetic elements, which can
function indepen-dently or synergistically, are: 1) the TATA
element (consensus TATA"/rA%;) located upstream of the
transcription start site near -30 to -25- and/or 2) the initia-

tor (Inr) element, a pyrimidine-rich sequence (consensus
PyPyA+1NT/APyPy), located at the transcription start site
(Smale, 1989). The transcription start site (TSS) and
transcriptional factor binding motifs identify the 5' flanking
region of human genes. Although the transcription start
site marks the end of a promoter, critically important
motifs are sometimes located further downstream in the
5" UTR. All the fragments used in this study include the 5'
UTR as part of the constructs. Following sequence
analysis and in silico prediction of potential transcriptional
motifs, the functionality of the promoters and their
differential cell-specific expression was determined by
insertion into a GFP expression cassette and transfection
into various cells, including germ cells, for in situ
transcription assays using GFP as their reporter.

MATERIALS AND METHODS
PCR

PCR was done using 20 pmol of primer pair, 1.5 mM Mg**, 2.5 mM
dNTPs, 1 x Taq polymerase buffer, 1-2 units of Taq polymerase
enzyme, 10-50 ng template DNA in 50 pl reaction volume made up
with water. The Expand™ Long Template PCR System (Boehringer
Mannheim) was used according to the manufacturer’'s protocols.
Amplification was run for 40 cycles (94°C, 1 min; 55-72°C, 10 s-1
min [depending on the primers]; 72°C, 2 min).

Cloning the 5' flanking regions of fertilin B (FTN-8) and SPAM1
genes

Gene specific primers, nested within a 200 bp interval of the 5' end
of the coding regions, were paired with Alu consensus primers to
amplify the 5' flanking regions from appropriate genomic DNA
templates, using the Expand™ Long Template PCR System accor-
ding to the manufacturer’'s protocols (Boehringer Mannheim). The
first PCR products were diluted 1/100 in distilled water and 5 pl
used for nested PCR in the same conditions. Both the first and
nested PCR products were examined on 1% agarose gel stained
with ethidium bromide and visualised by UV in the Multiimage™
Light Cabinet (Alpha Innotech Corporation) and analysed with
Chemi-Imager software and camera (Alpha Innotech Corporation).
The nested PCR products were directly sub-cloned into pGEM-E
vectors (Promega). The FTN-B 5' flanking region was isolated using
the Alu1-FT-2R primer pair or Alu1-FT-40 primer pair, followed by a
nested PCR using Alu1-FT-9 primer pair. The SPAM1 5' flanking
region was isolated using Alu1-Sp1-5 and Sppla and Spp2 (see
Table 1).

DNA Sequencing

Sequencing was performed using the dyedeoxy termination method
with the Prism ready reaction terminator cycle sequencing kit
(Applied Biosystems) on a Perkin Elmer Applied Biosystems Auto-
mated Sequencer, ABI 373A, and analyses were done with the
manufacturer’s installed software. Briefly, 500 ng of DNA template,
2.0 pmol of primer, and 9.5 pl of premix in 20 pl total volume were
incubated for 30 cycles at 96°C for 30 s, 50°C 15 s and 60°C for 4
min. The product was purified and precipitated in ethanol and run
on a 6% denaturing polyacrylamide gel for at least 16 h.



Table 1. The oligonucleotide primers sequence.
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Primer Sequence Annealing temp Experiment
SP1.7-F gat tca caa aga ggc agc att ttc atc aac 72 PCR
SP1.7-R tag aag caa gat gac acc aca aag caa aca 72 PCR
Sppila agc tgc caa agc cag att gca gtt ctc cta 72 PCR
Spp1 tct gct tet aca aac tga cag agg cac g 72 PCR
SPAM-1B gag tgt tca aat aaa tgg atg ggt 62 PCR
SPAM-2B atg ttc tgg tag acc tgt tic g 62 PCR
SP-p3-5’ ttc ctc cat tca cag tta ctc ctg 72 5-RACE
SP-p2-5’-N1 tce age cac cca atg tct ctt cag tag 72 5-RACE+Seq
SP-p1-5°-N2 | tgg ctg gtc tca atg tct tcc tag age 72 5’-RACE+Seq
FT-2F gcg gat gga cag taa ttt tc 62 PCR
FT-2R tgc att aaa tic aca gta tat ggt 62 PCR
FTN-9 ccc get gag cag aaa caa gac 62 PCR
FTN-40 gaa aat tac tgt cca tcc gca 62 PCR
FT-p2-5 gta gga tgc ctg cga ttc aat tec tic ¢ 72 5-RACE
FT-p1-5-N aaa att act gtc cat ccg cag ccc gcc 72 5-RACE+Seq
Alu-1 tcc caa agt gct ggg attaca g 55 PCR
Alu-2 ctg cac tcc age ctg gg 55 PCR
Alu-3 gat cgc gecc act gcacic c 55 PCR
Alu-4 gga tta _cag gcg tga gcc ac 55 PCR

Sequences of primers used for the molecular cloning of the 5' flanking regions of FTN-Jand SPMA1 genes,

including those used for the RACE ampilifications.

Determination of transcription start site

The transcription start site was determined with Rapid Amplification
of cDNA Ends (RACE), using Clontech’s human testis cDNA kit
(Marathon-Ready™ cDNA, cat. No. 7414-1) according to the manu-
facturer’s instructions. Briefly, internal gene-specific primers were
paired with an adaptor primer (AP1) to amplify the 5' flanking region
of the cDNA. The first PCR products were diluted 1/100 in distilled
water and 5 pl used for nested PCR in the same conditions, using
nested GSP and N-AP2 primers. The products were sub-cloned into
pGEM-E vectors. Primers FT-p2-5' and AP1 were used for the first
round FTN-B RACE PCR, followed by a nested PCR using FT-1-5'-
N and N-AP2 primers. For the first round SPAM1 RACE PCR,
primer pairs SP-p3-5' and AP1 were used, followed by a nested
PCR using primers SP-p2-5'-N1 or SP-p1-5'-N2 with N-AP2.

Tissue culture

A human male liver adenocarcinoma (Hep-G2) cell line was obtain-
ed from American Type Culture Collection (ATCC). Joanne Davis
and Dr. Paul Edwards (Department of Pathology, University of
Cambridge) donated a human mammary cell adenocarcinoma
(MCF-7) cell line. Hep G2 cells were maintained in Minimum
Essential Medium (MEM) supplemented with 1% Penn-Strep, 1%
glutamine, 1% Non-essential amino acids (NEAA), and 10% Foetal
Calf Serum (FCS), at 37°C, 5% CO,. MCF-7 cells were maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM), supplemented
with 1% Penn-Strep, 1% glutamine, 1% insulin and 10% FCS, at
37°C, 5% CO..

Mouse spermatogonial/spermatocytes (GC1) (CRL-2053) and
spermatocytes/round spermatids (GC2) (CRL-2196) cells were also
obtained from ATCC. The cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 1% Penn-
Strep, 1% sodium pyruvate, and 10% Foetal Calf Serum (FCS), at

37°C, 5% CO,. Subsequent molecular biological analysis by us,
using RT-PCR, to test the differentiation stage of the cells indicated
that the GC2 cells contain Pgk-2 and protamine transcripts (data
not shown), which suggests that the cells contain post-meiotic to
round spermatid stage cells. Furthermore, similar analysis of GC1
cells indicated that the GC1 cells are not equivalent to round
spermatid stage cells, but that they are post-meiotic stage cells
(data not shown).

Deletion constructs

The 1.4 kb 5' flanking region fertilin (FTNB) fragment was generated
by Alu-GSP PCR as described above. The 1.4 kb fragment was
subcloned in the GFP expression cassette, which was later used to
generate the 1 kb fragment following digestion with Bg/ Il. The
SPAM1 1.7 kb 5' flanking region fragment was generated by
primers Sppla and Spp2 and subcloned into a GFP expression
cassette. The subcloned 1.7 kb plus reporter cassette was linea-
rised with Bgl Il restriction enzymes and divided into two aliquouts.
One was digested with Mbo | to generate the 150 bp SPAM1-GFP
cassette, and the other digested with Hae Il to generate the 900 bp
SPAM1-GFP cassette.

Transfection and GFP assay

DNA was prepared for transfection by purification through a Qiagen
column, according to the manufacturer's protocols. A day before
transfection, 1 x 10° cells were seeded onto a sterile glass cover
slip in each well of a 6-well plate. 1 pg of each construct was co-
transfected with an equal amount of pGL-3 luciferase vector as the
internal control, with Effectene™ as transfecting agent, according to
the manufacturer's protocols. All experiments were performed in
triplicate. Cells were generally prepared for reporter assays 48 h
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post-transfection. Culture media were removed from each well and
the cover-slips transferred into fresh labelled 6-well plates and
washed three times with 1 x PBS, after which they were layered
with 2 ml PBS/4% Paraformaldehyde for 30 min at room tempera-
ture. The PBS/4% Paraformaldehyde was then removed and the
cells washed twice in 1 x PBS. The glass cover slips were removed
and mounted on a glass slide for the analysis of the cells on a
fluorescence microscope. The remaining cells in the culturing plates
were used for the luciferase assays. Briefly, after the removal of
culture media, the cells are washed once in 1 x PBS. The PBS was
aspirated, 250 pl 1 x lysis buffer added per well, and the plates left
at room temperature for 10 min. Cells were dislodged by scraping
after the 10 min incubation, transferred into 1.5 ml Eppendorf tubes,
and centrifuged for 10 s, at 12 000 x g. The supernatant was
transferred into fresh Eppendorf tubes for analysis. To normalise for
the reporter gene activity and the transfection efficiency, equal
amounts of each GFP-construct cassette and luciferase pGL3 inter-
nal control were transfected into each cell type in triplicates as
stated above. 48 h after transfections the cells were lysed and the
supernatant assayed in triplicate using a luminometer. Means of the
triplicate luciferase activity for each construct were calculated and
the background luciferase activity subtracted from each experiment.
The mean net luciferase activity from each transfection was then
normalised to the net mean value of the GFP fluorescence activity.

RESULTS

Cloning the 5' flanking regions of FTN-§ and SPAM1
genes

To isolate the fertilin p and SPAM1 5' flanking regions,
previously identified YAC genomic clones containing the
FTN-B and SPAMT1 genes were amplified, using Alu-GSP
primers (see Materials and Methods). A 1.4 kb fragment
was obtained from the FTN-B clones (data not shown),
which was then sequenced. The sequenced data indi-
cated that the fragment contained the 5' end of the
published coding region and the sequences upstream of
the identified translation start codon (see Figure 1).
Amplification of the SPAM1 clones, using Alu-GSP pri-
mers gave a product of 2 kb fragment (data not shown),
which was also sequenced. Similarly, the sequenced
data indicated that it contained the 5' end of the coding
sequence and sequences upstream of the identified
translation start codon.

Determination of transcription start site

To characterise the 5' flanking regions, the transcription
start site was determined by RACE. The 5' RACE assays
provided extended single band products (data not shown)
that indicated that there was only one major transcription
initiation site for the FTN-B gene. The products were
sequenced and the data matched the 5' end of the FTN-
coding region (not shown), including the 5' UTR and the
transcription start site. Following determination of the
transcription start site for FTN-B, fragments immediately
upstream of the translation start site were cloned by
nested PCR from the genomic clones and sub-cloned in-

to GFP expression cassettes.

Subsequent sequence analysis of the products indi-
cated that there was a new first exon, and that the
additional sequence indicated that the published initiation
codon was in fact part of the second exon, not the first
exon. Furthermore, alignment of cDNA products from
RACE and genomic sequences in GenBank
(gbAC004690.2) indicated that there is about 14 kb of
intronic sequences between the actual first exon and the
exon (data not shown) containing the transcriptional start
site.

Functional
promoters

analysis of the FTN-fand SPAM1

To determine the functionality of the promoter sequence,
the FTNB 1.4 and 1 kb promoter fragments, and the
SPAM1 1.7, 1 kb and 150 bp promoter fragments were
cloned into a GFP reporter cassette. Each construct was
separately transiently cotransfected with a luciferase
pGL3 as transfection control in triplicates into GC1, GC2,
HepG2 and MCF-7 cells. Furthermore, a transcription
control promoterless GFP cassette was similarly tran-
sfected into the four cell types. Transcriptional activity
driven by each of the promoter fragments were measured
by intensity of the GFP fluorescence, relative to that
measured from a promoterless GFP cassette transfected
into similar cells. The cell lines supported transcriptional
activities from the individual promoter constructs to
varying degrees, while there was no expression of GFP
in all the cells from control promoter-less construct.
Furthermore, variations in relative transcriptional activities
between fragments from the same promoter per cell type
will indicate the presence or absence of important
transcriptional motifs.

The GC-1spg (GC1 cells) represents an immortalised
pachytene stage primary spermatocytes. The cells were
isolated from primary murine pachytene spermatocytes
transfected with SV40 Large T antigen (Peluso, 2006).
Co-transfection of the SV40 Large T antigen and a
temperature-sensitive variant of the p53 gene, under a
constitutive promoter control, resulted in the establish-
ment of a second immortalised germ cell line (GC2 cells).
Identification of structures resembling proacrosomal
granules and observation of haploid peaks, following
immunohistochemical and flow cytometric studies respec-
tively, led the researchers to conclude that the GC2 cells
are equivalent to secondary spermatocytes to round
spermatid stage cells (Kessler et al., 2000). Subsequent
molecular biological analysis by us, using RT-PCR, to
test the differentiation stage of the cells also indicated
that the GC2 cells contain Pgk-2 and protamine
transcripts (data not shown), this suggests that the cells
contain post-meiotic to round spermatid stage cells.
Furthermore, similar analysis of GC1 cells indicated that
the GC1 cells do not contain round spermatid stage cells,
but that they are post-meiotic stage cells (data not
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-E5E GTOLGACETC OO CTAGE GAGACE TAGT OGTOFOSCATS AGTGATATT A LGATCTTGCT
12 ATOCACACTOCTATCATOGS GTACGTAAGAC AGCACTODOT AGLCACGOATT ATA AGAAGGE
32 TAATCACTCOTATCAATATG ACOTCAGTACC OTATCGAAAGA CTCATACGCTG ATATCGAGATA

G780 AOGTGATTGOT ACACAGALLG A TOTAGOC AT GOACTTOTAT ACCTGTOGAG AT ADICACTT

g
Ale GTGTAGACT ATHCMTSA Gl AGEGGRGE GA GHGqL_‘vTA TLGAGDETATAAT GACGACGE AG

G558 CTEAGAGRTCOGATUOOECT AGTACS GGGT GHGETOL A, Gh ATOA TACGE TTTCOCGAAT
T5F

A% TAGTTTATAT GTGATGATGC TATGATACCT ATAGATTACS AGAATA TGS & ATTGGATACT
A3F GODCAACT Ak OGAGAGTAGE GUTGCATACH GOACCAATTA GAGGTGGAG ACIGTOAGHC
372 TGAGKAGAGAT TGACCTACGT CTGTATGTCC (OGO OC AG A TOTOT TG TACCCTTATA

Slg COTGTOCGAGCTATA LALTA TTAGGAGTAT GOTGETT ATC CATCOCT AGS GAGAGGEICOS

B8 ACCOUCACTD COCCATAACAC COTCTTAGA GUA AL GOGTAT ACACTCTOMS
GCBox

198 GOTCTCTTAL AGOOGTCTGE Gh AGCTONGC OO0 TALGE QUTOCTTAGA QAGOIGTCTA
AP4
—

138 OTOCGTTCAGCACACATGOR CACTATONA T TICAS AGTAT TTTTTTGCCG .
-

2 COGCATTA AGCGCOCGACAS ACAAALATAL TITTCTTOAS GUOGDUNCCA ASCTTGCTA L
apl

12 A ACIGCCCA ATTAAATA CT ATOOTALTAC GACTTA S ATT CHOGCCCOAGGACTIC OO
Inr Sl DPE

+i3 GOORATOC MGG CTTOL 85T CA TFNFECGE FTCTTETTC TEOTCAGIGE GOITRECFEE

HIG  CTFCTFEATEG ACAGTTAATIT TEATAGTITA CCTOTFAA G CRA CAGTTTC CEACCAGT
Hin  CCOEFFCAGRCIA CACTCAAFIT CRUAGTETEA GTACTAAGCA FCRATAG

Figure 1a. FTN-[1 core promoter. Human fertilin B promoter region, showing several transcription
factors binding motifs. These include the Sp1, GC box, DPE (downstream promoter element) motifs,
and a pair of TSF (testis-specific factor) motifs.

shown). HepG2 is a human male liver adenocarcinoma
cell line and MCF-7 cells are human female mammary
adenocarcinoma cells.

The fertilin  promoter

The FTN-B promoter fragments were transcriptionally
activated in GC1 and GC2 cells. This suggests that the

cis-elements in the cloned promoter fragments are suffi-
cient to accurately initiate transcription in situ. However,
the promoter fragments were more active in the GC2
cells by order of a magnitude compared to activity in GC1
cells. There is very little difference in the levels of
transcription between the two promoter fragments. This
suggests that there is no transcriptionally important motif
beyond the 1 kb fragment, at least in these in situ assays.
Although fertilin B is not normally expressed in somatic
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e
-877 TCTGGTCCCT TTTCACCTGG GCATGGAGAG GTGGGGITTT CCTTTTGGTC CAATTCCAAG

TSF

-817 AAGTCAGCCA ATTTGTCCTC AGGCTCCCTG TCTCCCAACC CTATTCTCCT GCCTCATTAT

<757 GACCTCCATG ATGGGTTTGA GGATGTGGTG TATGGAGTCA|AACTACAGGG TTTGATTGCA

CRE

<7197 ATATTGTCTT GGATTGTTAC TTGGGAAGAG ATCAGTACCA TATTTGTTTT TAATTGGAAA
-637 AGTCTTTTTC TTCCAATGTC TTTATTTGAG CAAGGGACAA TTCTTGAGCT TACATAGAGG
-577 TTTTTCCTTG CCCAGTGAAC TCACCAGAAG GAAAAGTAGA GTGACATTGT TTTTCTGACC
-517 ATGGATACCA TACTCTTTCA TTCATTTATC TTCCATAGTT GGTCCACCTG GTACCCCATG
-457  GACAGGAATA AAAACTAATT CAGGTTTGTT CATGCTATCA GATGTTGACA TAAGCAATAA

-397  TTATATTGTT TAGCTGACAT GACCAAGGTT TGGGAAACTG GTGCAAGGGT GGTGTCAGGT

CRE

-337 TTGTGTTTAA CCTATGAAGA AAAGAGTGAG GTTAATATGA AAGAGGCAGC ATTTGAAAGA

HSF

-277  AAGCCCACAG TGGAGGATCA GAGAGAGAAT AGGATAGATT GAGACAAGTA ATdi CCAGTC

CRE

4—
=217 ;bCTTCTCAA TAAATGGGAG GTTTTGTTGA AAAAdAT_CCC_CCC'TCTAC IC CCCTCCCJ?AC
Spl

TSF

-157  ACCAGGGAGG AAAGAAACTT AAAGGGGGAA AATAGATGAA AGCAAAGTTT TTTATCTGTG

HSF

97  ATCTTGAGGA AAGCTGTTTG CTTTGEGGTG TCATCTTGCT TCTAGAGCCT TGGCTCTGAA

CRE

37 ATCCTTACTAITGAGGTCAICC TGTAGGGATG GTCTTCCA GT TGTCCTGAGA GTGATGACTG

CRE/BS-1

Inr

+23  GCTCCACCTT GATGTGGCTC ACATAAATTC AGAAAGTATG ATAGCAGTGT AGGTGGTTAG

+83  CAGCACCTCA TAAGGTCCIT CCTAGCAAGG GATGCGTAAT GAACC

Figure 1b. SPAM1 core promoter. Human SPAM1 promoter region, showing various transcription
factors binding elements. Prominent amongst these is the CRE (cyclic-AMP response element),
HSF (heat shock factor), Sp1 and TSF (testis-specific factors) motifs.

tissues, considerable transcriptional activity was detected
with the FTNB promoter fragments in HepG2 cells (see
Figure 2 and Table 2). Interestingly, the relative activity of
the FTN-B promoter fragments in HepG2 compared to
that in GC1 cells is 1:4, thus the FTNpB promoter had
stronger transcriptional activity in the germ cells than in
the somatic HepG2 cells. However, other fertilin genes
are expressed in somatic tissues and germ cells, such as
the fertilin B sub-unit, and many others. The FTN-
B promoter fragments had a slight transcriptional activity
in MCF-7 cells but, the activity did not compare to that
seen in HepG2 cells and, compares even far less to that
observed in the germ cells. Nevertheless, it does suggest
that the FTN-B minimal promoter can be activated in
somatic tissues. It is still important to note here that the
promoter activity in the somatic tissues is not particularly
significant, at least relative to that seen in germ cells.

The SPAM1 promoter

The SPAM1 promoter fragments were transcriptionally
active in both GC1 and GC2 cells, with a relative GC1:
GC2 transcriptional ratio of 1:26 (see Figure 2 and Table
2). There was little difference in transcription among the
three promoter fragments in GC1 cells; however, there
was a slight increase in transcriptional activity from the
150 bp fragment in the GC2 cells. The SPAM1 gene is
not normally expressed in mitotic germ cells or somatic
tissues, including the liver. The SPAM1 promoter frag-
ments were not transcriptionally activated in the HepG2
cells, which is consistent with what is observed in vivo.
The levels of SPAM1 promoter activities in HepG2 cell
compares to that of the promoterless GFP control con-
struct, which is background. The MCF-7 cells also, like
the liver cells, do not naturally express the SPAM1 gene,
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H CTCCATGATGGGTTTGAGGATGTGGTGTATGGAGTCAAACTACAGGGTTTGATTGCAATA
M é%TAA%CAAGAA;;;é;A ;;ACAGCCTG%&AAACéAATéATAGééT;;EAA%TACATTA
H TTGTCTTGGATTGTTACTTGGGAAGAGATCAGTACCATATTTGTTTTTAATTGGAAAAGT
M TTGTCCTGCATAATGAAAATAGAARAGCCAAGT ———CTATTT—TCCATAAAAGCARA-—T
H CTTTTTCTTCCAATGTCTTTATTTGAGCAAGGGACAATTCTTGAGCTTACATAGAGGTTT
M AAAAATCTTTCACTGTCATCTTCTGAACAGGAAACAGA-CTTGTGTTTCACTGGAGATTT
H TTCCTTGCCCAGTGAACTCACCAGAAGGAAAAGTAGAGTGACATTGTTTTTCTGACCATG
M T-CCTAGGCATGAAGTTTCAACAGGAGGAAAGGCCGCAGGATGCTACTCT—CTGGTCACA
H GATACCATACTCTTTCATTCATTTATCTTCCATAGTTGGTCCACCTGGTACCCCATGGAC
M AA%GéTA%CCAGE%%TAA;é;AACCATCTTAACAé%AGT%éTAéTAGA%GCTCACTGTG*
H AGGAATAAAAACTAATTCAGGTTTGTTCATGCTATCAGATGTTGACATAAGCAATAATTA
M AGTATCTAGTAGAATTGCAGGGATG——AAAGCTAA —————— TGACATAATGTTTCATGC
H TATTGTTTAGCTGACATGAC——CAAGGTTTGGGAAACTGGTGCAAGG —————— GTGGTGT
M TACCTACATGCTGCAATTACTGCAAGGATTTGT TAA-TATGGCAAGGT TTTGGGTTGTAT
Dfd HSF
H CAGGTTTGTGTTTAACCTATGAAGAAAAGAGTGAGGTTAATATGAAAGAGGCAGCATTTG AAAG
M GATTTTTGTGATTAA-———TTCAGAAAACAATACAGTTAAAAGGAGAGTCACATG—TCTG ARAG
HSF SRY
H CTTAAAGGGGGAAAATAGATGAAAGCAAAGTTTTTTATCTGTGATCTTGAGGAAAGCTGT
M C%Gi;iééATéGGA %;éT%AAGAéGGAAAGGGGTGG%é%é;éiGé%%éGGAGAATCAGT
H TTGCTTTGTGGTGTCATCTTGCTTCTAGAGCCTTGGCTCTGAAATCCTTACTATGAGGTCACCTGTA
M TCACTTTGTGATGTCATCT-GTTCCTAGAATCTTGGAATTTGCTCTGGCTTTCCCCTTGGCTTATTC 41

CRE HSF

Figure 2. An optimised comparison of the human SPAM17 and mouse Spam1 promoter regions. A comparison of the human SPAM1 and
mouse Spam1 promoter regions. The transcriptional motif binding factors indicated are those for the mouse Spam1 promoter, aligned
with the approximate motif in the human SPAM1 promoter. The mouse Spam1 transcription initiation site is indicated as +1.

Table 2. The DPE sequence motifs from Drosophila to Man.

Gene DPE Sequence Position
Drosop Abd-B GGACGAT +30
Drosop Antp AGACGTG +30
hGK-2 AGAGCTG +30
hIRF AGACGTG +30
Drosop joc GGACGTG +30
mIRF GGACGTG +30
hGK-1 GGACGTG +27
hFTN-O GAGCGAC +30

DPE sequence motifs from Drosophila to Man, indicating their location
relative to the TSS. The mIRF-1 and hIRF-1 (Miyamoto et al., 1988; the
Drosophila Abdominal-B ((DeLorenzi et al., 1988)), Drosophila
Antennapedia P2 (Hsu et al., 2003) and Drosophila jockey (Hsu et al.,
2003) as well as hGK-1, hGK-2 (unpublished data) and hFTNB, are
TATA-less promoters, which almost exclusively contain DPE motifs.
Notice the perfect match between the Drosop. joc, mIRF and hGK-1 on
one hand, and Drosop Antp, hIRF and hGK-2 on the other.

thus were not expected to support transcriptional acti-
vation of the gene. The SPAMT1 promoter fragments were
not, as in HepG2, transcriptionally active in the MCF-7
cells.

DISCUSSION

Until fairly recently, there were no immortalised germ
cells with which to do in situ study of germ cell-specific
functions. Most promoter studies were previously done in
vitro, using testis whole cell nuclear extracts in run-off
transcription assays. The first immortalised germ cells
were made using mouse cells (Peluso, 2006). The GC-
1spg (GC1 cells) represents an immortalised pachytene
stage primary spermatocytes. The cells were isolated
from primary murine pachytene spermatocytes tran-
sfected with SV40 Large T antigen (Peluso, 2006). The
cells do not undergo differentiation in culture, or even
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Figure 3. SPAM1 and FTN-B promoters activity in four cell types. GFP expression from SPAM1 and Fertilin 3 promoters' activity
in four cell types. No significant GFP fluorescence was detected from either promoter in MCF-7 cells, while FTN-B3 showed slight
activity in Hep G2 cells. Both promoters were preferentially activated in mouse GC1 and GC2 germ cells, with most fluorescence
detected in GC2 cells. The error bar is the standard deviation from the averaged fluorescence from the triplicate transfections per

construct.

in co-culture with immortalised Sertoli cells. Prior to their
utilisation for in situ promoter studies, the cells were
genetically characterised and were found to express Pgk-
2 and protamine transcripts (data not shown). Pgk-2
transcription is known to occur only in post-meiotic germ
cells (Feig et al., 2007), while protamine is only expres-
sed in round spermatids stage (lke et al., 2007). Both
FTN-B and hSPAMT1 are germ cell-specific genes and are
not normally expressed elsewhere. This perhaps explains
the remarkable difference in the transcriptional activity of
these promoters in GC1 and GC2 cells compared to that
observed in the HepG2 and MCF-7 cells.

The FTN§ and SPAMT1 core promoters architecture

The FTN-Bpromoter sequence is characterised by an
initiator motif at its transcriptional start site (TSS) (see
Figure 3A). The FTN-f promoter does not contain either a
TATA or CCAAT box consensus sequences, thus it is a
TATA-less promoter. Within its core promoter region it
has a Sp1 binding site at -30 nucleotide position, where
the TATA motif would have been, and a +30 downstream
promoter element, as seen in other TATA-less initiator
element containing promoters (Burke, 1997). It has seve-
ral Sp1 and GC box motifs, with one Sp1 site right next to
the downstream promoter element (DPE) motif. Signifi-
cantly, however, it has two copies of the testis-specific

factor, TSF, one in either orientation, a feature it shares
with other germ cell-specific genes, such as the transition
proteins, protamines, and PGK-2 (Eller et al., 2007). It is
important to note that the two copies of the TSF motif
have so far been observed to be in one orientation or the
other in a particular gene, however, they are in the
opposite orientation in the FTN-f promoter region.
Furthermore, unlike most other testis-specific genes, the
FTN- core promoter region does not contain a cyclic-
AMP response element motif (CRE), however, it has
several Sp1 binding motifs, which perhaps suggests that
it is controlled by the Sp1 transcription factors. The
SPAM1 core promoter sequence also contains the
initiator motif at the transcription start site and, does not
contain either the TATA or CCAAT consensus motifs.
Although a TATA-less promoter with initiator motif at the
TSS, it does not contain a DPE motif. Unlike, the FTN-
core promoter region, the SPAM1 contains several CRE
motifs, including at -27 and -70 nucleotide positions. It
also contains several heat shock factor binding sites.

Comparison of the hSPAM1 and mSpam1 core
promoter

The mSpam1 promoter does not contain either a TATA or
CCAAT box. However, it contains several transcription
factor binding sites, such as the cyclic-AMP response
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CRE Sequence (Consensus: TGACGTCA) Consonant gene Position
AAGTGAGG GTAGTTCA GCGGACTCG hGK-1 -70
AGCTTCCTCT TGACTTCA TAATTCCT Protamine 1 -57
TGGGCCG ACAGGTCA CAGTGGGG Protamine 2 -57
TATGTAG TGACGTCA CAAGAGAG Transition protein 1 -57
CACTTTG TGATGTCA TCTGTTCC mSpam1 -57
TGCTTTG TGGTGTCA TCTTGCTT hSPAM1 -70
GTTCTAAG TGACCTCA CAATATGG m-calspermin -50
TGAGGGAA TGATGTCA TTTGAGT h-calspermin -70

The CRE sequence motifs as seen at -50 to -70 regions found in many postmeiotic to haploid
cells-expressed genes. In hGK-1 (unpublished data), Prm-1, Prm-2, angiotensin-converting
enzyme (Somboonthum et al., 2005), calspermin (Sun et al., 1995), Transition proteins and

mouse Spam1 (Zheng, 1999).

Table 4.The testis specific factor sequence motif.

TSF Consensus Sequence:GGGTGGGG Gene Reference
5-GGGTGGGG-3 PGK-2 (Ella, 2007)
5GGGTGGGG-3

5-GGGTGGGG-3 FTNB
3-GGGTGGGG-5

5-SAGGTGGGG-3 SPAM1
3-GGGAGGGG-5

5GGGTGGGG-3 hGK-2 unpublished data
5-GGGTGGGG-3

5-GGGTGGGG-3

5GGGTGGGG-3 Prm-1 | (Domenjoud 1990)
5-GGGTGGGG-3 Prm-2 | (Domenjoud 1990)
5-GGGTGGGG-3

Testis specific factor (TSF) sequence motif as seen in germ cell-specific promoters. The TSF
motif seemed to play a very important role in transcription of many testis-specific genes from
mouse to man, including rat proacrosin (Kremling,1991a; Kremling,1995), mouse proacrosin
(Kremling ,1991b), human proacrosin (Keime,1990), mouse protamines 1 and human protamine
1 and 2 (Domenjoud,1990), human PGK-2 (Ella, 2007) and human GK-1 and 2 (unpublished

data).

element (CRE) motif at -50, HSFs (Heat Shock Factors)
at -36, -71 and -228 nucleotide positions. It also contains
an ADR1 (alcohol dehydrogenase receptor) and a
possible SRY binding site. The most remarkable finding
in the mSpam1 promoter is the CRE motif at -50
significant effect on promoter activity, while the mutated -
70 CRE reduced transcription by more than 60% ((Sun et
al., 1995)). nucleotide position. A CRE motif at -50 or -70
nucleotide position has been described in several
haploid-expressed gene promoters in mouse and Man
(see Table 3 and 4). The hSPAMT1 promoter is
significantly different than the mSpam? promoter. Firstly,
the hSPAM1 promoter has an initiator motif at the
transcription start site and, secondly, it has several, not
one, CRE motifs. The CRE at -70 nucleotide position in
the hSPAM1 promoter is highly similar to the CRE in

mSpam1 promoter at about the same location (see Table
4) and, it is compatible with the CRE found in several
other haploid-expressed genes. Interestingly, however,
the calspermin gene contains two CRE elements, one at -
50 and the other at -70 nucleotide position. In an
experiment to test the role of each of the two CRE motifs
with respect to their influence on the calspermin promoter
activity, the two CRE motifs were mutated. The mutated -
50 CRE had a small but Interestingly, the 150 bp
hSPAM1 promoter fragment containing the -70 CRE maotif
had as strong or stronger transcriptional activity as the
1.7 and 1 kb fragments containing additional CRE motifs
further upstream (see Figure 2 and Table 2). Although
the influence of the CRE maotif at -28 position cannot be
ruled out, this suggests, also, that it is probably the -70
CRE motif that is most relevant in the hSPAM1 promoter.
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Prm-1 initiates transcription in round spermatids, as op-
posed to the pachytene cells for the metabolic enzymes
(Ike et al., 2007). However, comparison of the regulatory
regions of PGK-2 and Prm-1 revealed sequence ele-
ments, called testis specific factor motif that may be
involved in tissue-specific expression. The TSF motif
(consensus GGGTGGG) has been found in several
postmeiotic and haploid-expressed genes, such as the
PGK-2, PDHA-2, TP-1, Prm-1 and Prm-2. Both Prm-1
and human PGK-2 5' regions contain two copies each of
the sequence GGGTGGG, present in opposite orientation
in the two genes. This sequence is also found in the
upstream region of the Prm-2 gene, in the same orient-
tation as in PGK-2 (Ella, 2007). Interestingly, the TSF is
also found in both hSPAM1 and FTN- promoter regions
(see Figure 3A and B). Analysis of the GK-1 and GK-2
promoter sequences also revealed that GK-1 does not
contain the motif, while GK-2 does. The GK-2 promoter
contains two copies of the motif, as found in Prm-1 and
PGK-2, however, in the same orientation as in PGK-2
(unpublished data).

There is considerable evidence for similarity between
human and mouse gene promoters, including the ones
observed in this paper. Although there have been
problems with studying human gene promoters in mouse
cell lines, many human testis-specific promoters have
been activated in mouse germ cells. The results obtained
in the analyses above suggest that the SPAM1 and FTN-
B promoters could be supported and retain their tissue
specificity in mouse. Furthermore, they suggest that
expressions of key genes, like SPAM1, are spatially and
temporally regulated. This possibility will be analysed and
confrmed in transgenic models, which is currently
ongoing. While many testis-specific promoter motifs have
been identified, such as TSF and DPE, their role in
modulating transcription in germ cells remain to be
determined.
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