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ination of these sections by light microscopy revealed that
expression of the reporter gene was not detectable until the
late pachytene spermatocyte stage (Fig. 3B). Expression was
clearly evident in round spermatids. In the tissue section
shown, the elongated spermatids, although transcriptionally
inactive, are also stained due to accumulation of the B-galac-
tosidase reaction product. A similar pattern of specific cell type
staining was also observed in sections of testes of mice from
lines 328, 330, and 923 (data not shown). Therefore, removal of
either 185 bp from the 5’ end or 145 bp from the 3’ end of the
796-bp fragment resulted in the same germ cell type-specific
expression of the reporter gene as observed with the original
796-bp fragment (B4GalT[—1270/—474]LacZ transgene) and
with the endogenous B4GalT-I gene (38, 41).

A 457-bp core fragment spanning the $4GalT-I germ cell
start site is sufficient to confer correct germ cell-specific ex-
pression in transgenic mice. Since male germ cell promoter
activity was maintained in transgenic mice harboring either a 5’
or a 3’ deletion of the 796-bp promoter region, the third
construct (B4GalT[—1085/—628]LacZ), combining both 5" and
3’ deletions, was generated and analyzed. As seen in Table 1,
group D, testes of mice from two of the five lines (lines 42 and
58) showed high levels of B-galactosidase enzymatic activity
similar to that seen in the animals in groups A to C. Levels of
B-galactosidase in all of the somatic tissues analyzed were
comparable to the background levels in nontransgenic control
mice (data not shown). Background levels of B-galactosidase
activity were found in the testes of mice from the other three
lines (641, 642, and 648), presumably due to the insertion of
the transgene at a chromosomal location that suppresses ex-
pression.

As anticipated from the results of the enzymatic assays, only
the testes of transgenic males from lines 42 and 58 stained blue
when incubated in X-Gal. Again, the staining was confined
primarily to the seminiferous tubules and examination of testis
sections by light microscopy revealed that the cell-specific pat-
tern of expression of the reporter gene was comparable to that
seen in the testes of mice from the B4GalT[—1270/—474]LacZ
line (data not shown).

DNase I footprinting analysis of the 457-bp 4GalT-I male
germ cell promoter region. The functional analysis using trans-
genic mice demonstrated that a 457-bp genomic fragment
spanning —1085 to —628 contains the cis elements necessary
for correct male germ cell-specific expression of the transgene.
Of the several motifs within this region identified by computer
analysis, two putative CRE-like elements, spanning —766 to
=759 and —645 to —630, had been noted (38). To directly

FIG. 3. Expression of the B-galactosidase reporter gene in the testes of trans-
genic mice. Testes from a nontransgenic control and the indicated transgenic
lines were paraformaldehyde fixed, incubated in X-Gal for 48 h, and visualized
directly (parts 1 to 4). To establish which male germ cell populations expressed
the B-galactosidase reporter gene, the fixed and stained testes were paraffin
embedded, sectioned, counterstained with nuclear fast red, and inspected under
a microscope. (A) Parts: 1, a testis from a nontransgenic mouse; 2, a testis from
a B4GalT[—1085/—474]LacZ-346 mouse; 3, a testis from a B4GalT[—793/
—707]LacZ-320 mouse; 4, a testis from a B4GalT[mut—756/—743]LacZ-374
mouse. Note that the blue staining, indicative of the expression of the B-galac-
tosidase reporter gene (LacZ) is concentrated in the seminiferous tubules. (B)
Section of a seminiferous tubule obtained from the testis of a B4GalT[—1085/
—474]LacZ-346 mouse. The purple arrows indicate the pachytene spermato-
cytes, the yellow arrows indicate the round spermatids, and the black arrows
indicate the elongated spermatids (final magnification, X625). (C) Section of a
seminiferous tubule obtained from the testis of a B4GalT[—793/—707]LacZ-320
mouse (final magnification, X625). Note that this 87-bp genomic fragment which
contains the TASS-1 regulatory element is sufficient to drive male germ cell-
specific expression of the reporter gene in a pattern that is comparable to that of
the endogenous B4GalT-I gene.
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assess whether the two CRE-like motifs and/or other se-
quences within the 457-bp fragment bind testis-specific nuclear
proteins, DNase I footprinting assays were carried out. A re-
striction fragment spanning either the —1150 to —770 or the
—870 to —474 sequence was end labeled on either the coding
or the noncoding strand. Each probe was then incubated with
25 pg of a testis nuclear extract or an equivalent amount of
BSA. Partial digestion with DNase I revealed only a single
protected region spanning —756 to —734 on both the coding
and noncoding strands (Fig. 4A and B, lanes 3). The sequence
of the protected region is shown in Fig. 4C. To determine
whether this region was also protected by nuclear proteins
derived from somatic cells, probes were incubated with 25 pg
of mouse L-cell nuclear extract. A footprint extending across
the same sequence was observed, but only on the noncoding
strand (Fig. 4B, lane 2). This observation suggests that the
binding activity in the mouse L-cell nuclear extract is due to a
different protein or protein complex.

Neither CRE-like sequence within the 457-bp promoter re-
gion binds nuclear protein. The DNase I footprinting analysis
showed that the two CRE-like motifs did not bind protein, as
the region containing these motifs was not protected after
incubation with either the testis (Fig. 4A and B, lanes 3) or
mouse L-cell (Fig. 4A and B, lanes 2) nuclear extract. To
confirm this result, two double-stranded oligomers containing
either the CRE-like motif spanning —766 to —759 or —645 to
—638 were synthesized (Table 2) and tested by EMSA. Both
failed to bind nuclear proteins from the testis (Fig. 5, lanes 6
and 9) or mouse L cells (Fig. 5, lanes 5 and 8). As a positive
control, incubation of an oligomer containing the CRE con-
sensus sequence with either the mouse L-cell or the testis
nuclear extract produced two retarded bands (Fig. 5, lanes 2
and 3). Thus, even though CRE binding factors are present in
both nuclear extracts, the inability to demonstrate complex
formation with either of the CRE-like motifs present in the
457-bp promoter region suggests that members of the CRE
family do not play a role in the regulation of B4GalT-I expres-
sion in male germ cells.

Analysis of the DNase I-protected region by EMSA. By using
the information from the DNase I protection assays, we syn-
thesized a double-stranded oligomer that corresponded to the
sequence of the single footprint identified within the 457-bp
core promoter region. Incubation of the mouse testis nuclear
extract with this —756/—734 oligomer (Table 2) resulted in the
formation of one very intense retarded band (Fig. 6A, lane 2).
To confirm the specificity of protein binding, we also per-
formed EMSAs by using specific and nonspecific DNA com-
petitors. As seen in Fig. 6B, complex formation did not occur
in the presence of a 100-fold molar excess of the unlabeled
—756/—734 oligomer (lane 3) whereas two nonspecific oli-
gomers had no effect on complex formation (lanes 4 and 5).

In order to verify that a nuclear extract derived from somatic
cells did not give rise to a similar migration pattern, the —756/
—734 oligomer was next incubated with a mouse L-cell nuclear
extract. As seen in Fig. 6A, lane 4, although a DNA-protein
complex was seen, its migration pattern differed from that
produced by the testis nuclear extract. Additional EMSAs,
using specific and nonspecific DNA competitors, established
that the binding activity in the mouse L-cell nuclear extract was
specific (data not shown). Therefore, even though a DNA
binding protein(s) present in somatic cells interacts with the
noncoding strand of the —756/—734 oligomer, it differs from
the nuclear protein(s) present in the testis.

The —756/—734 oligomer binds a protein factor(s) present
in a male germ cell nuclear extract. Since the testis is com-
posed of both germ and somatic cell types, an unequivocal
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FIG. 4. Identification of a single 23-bp protected region within the 457-bp
promoter region by DNase I footprinting analysis. Protected regions on the
coding strand (A) and noncoding strand (B) are indicated by the black and gray
bars, respectively. A DNA fragment corresponding to the region between —870
to —474 was end labeled with **P and digested with DNase I in the presence of
BSA (lanes 1) or nuclear proteins from mouse L cells (lanes 2) or testes (lanes
3). (C) Sequence of the region spanning —768 to —637. The black rectangle
indicates the region protected by the testis nuclear extract, while the gray rect-
angle indicates the region protected by both testis and L-cell nuclear extracts.
The locations of the two CRE-like motifs are shown. The male germ cell tran-
scription start site (Gc) is located at position —727.

confirmation that the gel shift pattern seen with the testis
nuclear extract is due to proteins in male germ cells can be
established by preparing nuclear extracts from isolated, pooled
male germ cells, in which round spermatids comprise ~50% of
the cell population. Incubation of the male germ cell nuclear
extract with the —756/—734 oligomer gave rise to the identical
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FIG. 5. The two CRE-like sequences within the 457-bp promoter fail to bind
a nuclear protein(s) when analyzed by EMSA. Double-stranded oligomers con-
taining the CRE consensus binding site (left panel) or the CRE-like motif
spanning —766 to —759 (middle panel) or —645 to —638 (right panel) were end
labeled with 3P and incubated with 10 pg of testis (lanes 3, 6, and 9) or mouse
L-cell (lanes 2, 5, and 8) nuclear extract. FP designates the migration position of
the free probe.

4 5 6

band observed when the testis nuclear extract was used (Fig.
6A, compare lane 3 with lane 2). This result clearly demon-
strates that the testis nuclear protein(s) that recognizes the
binding site in the —756/—734 oligomer is present in male
germ cells.

Mutation analysis defines a 14-bp DNA binding site. The
DNA binding site within the —756 to —734 sequence was
determined by using a series of oligomers containing overlap-
ping groups of 5- or 6-bp mutations (Fig. 7A). Complex for-
mation equivalent to that seen with the —756/—734 oligomer
(Fig. 7B, lane 1) was only observed when oligomers mut 6 and
mut 7 were used (Fig. 7B, lanes 7 and 8). This shows that the
13 bp at the 3’ end of the sequence are not critical for protein
binding. The other oligomers tested either abolished (mut 2
and mut 3) or greatly reduced (mut 1, mut 4, and mut 5)
complex formation (Fig. 7B, lanes 2 to 6), showing that the
14-bp sequence (5'-GCCGGTTTCCTAGA-3") at the 5’ end
of the sequence is involved in protein binding. As anticipated,
an oligomer (mut 8) in which the 14 bp were mutated by
transversion also abrogated complex formation (Fig. 7B, lane
9).

Because no significant match was obtained when the 14-bp
sequence was used as the input query sequence for the
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FIG. 6. Nuclear factor(s) binding to the DNA sequence spanning —756 to
—734. (A) The —756/—734 oligomer was end labeled with 2P using Klenow
DNA polymerase and incubated with nuclear extracts from testes (lane 2),
pooled male germ cells (lane 3), or mouse L cells (lane 4). Upon a lighter
exposure, the band present in lane 4 can be resolved into two bands. (B)
Specificity of the complex obtained with the testis nuclear extract (lane 2) was
demonstrated by addition of a 100-fold molar excess of the unlabeled —756/—734
oligomer (lane 3) prior to addition of the labeled probe. Incubation with a
100-fold molar excess of a nonspecific oligomer containing the CRE-like motif
spanning —766 to —759 (lane 4) or the CRE consensus motif (lane 5) did not
prevent complex formation. FP indicates the migration position of the free
probe.

TRANSFAC or TFD database (44a), we have assigned the
acronym TASS-1 to the factor binding this regulatory motif.

An 87-bp fragment containing the TASS-1 binding motif is
sufficient to direct correct germ cell-specific 4GalT-I expres-
sion in transgenic mice. The in vitro DNA-protein binding
assays established that only one DNA binding site, located 16
bp upstream of the transcriptional start site, was recognized by
a protein(s) present in the male germ cell nuclear extract. If
the TASS-1 binding motif is the only regulatory element re-
quired for male germ cell-specific expression of B4GalT-1, the
following predictions can be made. (i) Mice harboring a trans-
genic construct containing this motif within a short genomic
fragment should express B-galactosidase in late pachytene
spermatocytes and round spermatids. (ii) Mice harboring a
transgenic construct in which the TASS-1 binding motif has
been mutated, within the context of the original 796-bp frag-
ment, should not express (-galactosidase in these cells.

TABLE 2. Oligomers used in EMSAs

Probe

Sequence”

CRE consensus

5'-AGAGATTGCCTGACGTCAGAGAGCTAG-3’

CRE-like —645/—638
CRE-like —766/—759

5'-AGTCACTGGGTACGTCAGGAAGTGGTGAGCA-3’
5'-GCCTCGCGGGACGTCGAAGCCGGTTTC-3’

—756/—734

5'-GCCGGTTTCCTAGACGACCTTTCTCCA-3’

“ The sense sequences of the double-stranded oligomers are shown. Putative protein binding motifs are underlined.
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5 ' -GCCGGTTTCCTAGACGACCTTTCTCCA -3 '-756/-734
3 ' -CGGCCAAAGGATCTGCTGGAAAGAGGT -5

5'-TAATTTTTCCTAGACGACCTTTC-3 "' mut 1
3 ' -ATTAAAAAGGATCTGCTGGAAAG-5'
5 ' -GCATTGGGCCTAGACGACCTTTC-3"' mut 2
3 ' -CGTAACCCGGATCTGCTGGAAAG-5"
5 ' -GCCGGGGGAAGAGACGACCTTTC-3" mut 3
3'-CGGCCCCCTTCTCTGCTGGAAAG-5"
5'-GCCGGTTTAAGCTCCGACCTTTC-3" mut 4
3'-CGGCCAAATTCGAGGCTGGAAAG-5"'
5'-GCCGGTTTCCT CTCATCCCTTTC-3"' mut 5
3 ' -CGGCCAAAGGA GAGTAGGGAAAG-5"
5'-GCCGGTTTCCTAGAATCAAGTTC-3" mut 6
3 ' -CGGCCAAAGGATCT TAGTTCAAG-5"'
5 ' -GCCGGTTTCCTAGACGA AAGGGA-3' mut 7
3 ' -CGGCCAAAGGATCTGCT TTCCCT-5"'
5 ' -TAATTGGGAAGCTCCGACCTTTC-3"* mut 8

3' -ATTAACCCTTCGAGGCTGGAAAG-5"'

B
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FIG. 7. Effect of mutations within the —756 to —743 region on complex
formation. (A) Sequences of the wild-type and mutated (mut 1 to mut 8) double-
stranded oligomers used for EMSAs. The mutated bases are in boldface. (B)
Eight mutated double-stranded oligomers (lanes 2 to 9) labeled with 3?P at their
respective 5’ ends and incubated with 10 g of testis nuclear extract. Complex
formation observed with each mutated oligomer was compared with that ob-
served with the —756/—734 oligomer (lane 1). FP designates the migration
position of the free probe.

To test the first prediction, an 87-bp fragment containing 67
bp of the genomic sequence upstream of the male germ cell
start site and 20 bp of the flanking downstream sequence was
fused to the bacterial LacZ coding sequence, generating the
B4GalT[—793/—707]LacZ construct (Fig. 8). A total of five
transgenic founders were identified (Table 3, group F). Two
lines (320 and 337) showed levels of B-galactosidase enzymatic
activity similar to those seen in the mice in groups A to D,
while a third line (339) showed levels of B-galactosidase activ-
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FIG. 8. Schematic representation of the B4GalT[—793/—707]LacZ and
B4GalT[mut—756/—743]LacZ constructs. The original B4GalT[—1270/
—474]LacZ construct is shown for comparison. In the B4GalT[—793/—707|LacZ
construct, an 87-bp fragment containing 67 bp of the genomic sequence upstream
from the B4GalT-I male germ cell start site and 20 bp of the flanking downstream
sequence was fused to the bacterial LacZ coding sequence. In the B4GalT-
[mut—756/—743]LacZ construct, the nucleotides within the 14-bp TASS-1 motif
(spanning —756 to —743) were mutated by transversion. The positions and
sequences of the original and mutated sites are shown. The solid, hatched, and
open boxes represent the upstream genomic DNA, the 5'-untranslated region of
the male germ cell transcript, and the LacZ coding sequence, respectively.

ity about threefold higher. Again, there appeared to be no
correlation between expression levels and transgene copy num-
ber. Reporter gene activity in all of the other tissues analyzed
from these lines was similar to the background value measured
in nontransgenic controls (data not shown). Testes of mice
from lines 330 and 349 showed reduced levels of B-galactosi-
dase activity (~10-fold over the background; Table 3, group
F), presumably due to the insertion of the transgene at a
chromosomal location that suppresses expression.

As seen in Fig. 3A, part 3, the staining seen when the testis
of a mouse from line 320 was incubated in X-Gal was compa-
rable to that observed with the four previous transgenic con-
structs. Examination of sections by light microscopy revealed
that the X-Gal staining pattern in male germ cells was compa-
rable to that of the four previous transgenic constructs (Fig.
3C). Identical results were also obtained when testes of mice
from lines 337 and 339 were used. These results demonstrate
that a short genomic fragment of only 87 bp which contains the

TABLE 3. B-Galactosidase activity in testes of transgenic mice

Copy B-Galactosidase activity

Group and transgenic line no. (U min~! mg of protein~ )

b

F
B4GalT[—793/—707]LacZ-320 25 56,000 (3)
B4GalT[—793/—707]LacZ-330 4 5,500 (3)
B4GalT[—793/—707]LacZ-337 55 68,000 (3)
B4GalT[—793/—707]LacZ-339 64 161,000 (2)
B4GalT[—793/—707]LacZ-349 21 6,700 (2)

G
B4GalT[mut—756/—743]LacZ-369 25 4200 (2)
B4GalT[mut—756/~743|LacZ-374 8 4,000 (3)
B4GalT[mut—756/—743]LacZ-377 20 400 (2)
B4GalT[mut—756/~743]LacZ-378 8 2,400 (1)
B4GalT[mut—756/~743]LacZ-380 3 3,300 (3)
B4GalT[mut—756/~743]LacZ-2211 72 2,600 (2)
B4GalT[mut—756/—743]LacZ-2226 5 1,400 (3)

“ The terminal number denotes the individual founder.

® The number in parentheses is the number of F; and/or F, mice analyzed.
Except for that in testis tissue, the B-galactosidase enzymatic activity in all of the
tissues analyzed was comparable to the background level in nontransgenic mice.
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TASS-1 binding motif is sufficient to direct expression of the
B-galactosidase reporter gene in late pachytene spermatocytes
and round spermatids of transgenic mice.

The TASS-1 binding motif is essential for transgene expres-
sion in late pachytene spermatocytes and round spermatids in
vivo. The second prediction was tested by generating the
B4GalT[mut—756/—743]LacZ construct (Fig. 8), in which the
TASS-1 binding site was mutated by transversion within the
context of the original 796-bp sequence. Seven transgenic
founders were identified (Table 3, group G), and in all of the
lines analyzed, B-galactosidase activity was found to be 12- to
35-fold lower than that measured in the testes of mice from
group A.

To determine if B-galactosidase was expressed in the late
pachytene spermatocytes and round spermatids of these trans-
genic mice, testes were collected and incubated in X-Gal. As
seen in Fig. 3A, part 4, the testis of a mouse from line 374 (or
from any of the remaining six lines) did not stain blue nor was
any germ cell staining seen after examination of testis sections
by light microscopy (data not shown). Collectively, the results
presented demonstrate that the TASS-1 regulatory element
located 16 bp upstream of the male germ cell start site is
essential for B4GalT-I expression in late pachytene spermato-
cytes and round spermatids in vivo.

DISCUSSION

One of the most intriguing results from this study is the
finding that a short 87-bp genomic fragment that flanks the
B4GalT-I male germ cell-specific start site and contains a sin-
gle 14-bp regulatory element (termed the TASS-1 motif) drives
the in vivo expression of a reporter gene in the later stages of
spermatogenesis. It is instructive to compare the relative sizes
of the respective promoter regions that govern the expression
of B4GalT-I in male germ cells or somatic cells. As summa-
rized in the Introduction, DNase I footprinting and EMSAs
have been used to elucidate the DNA binding motifs in an
~1.3-kb genomic fragment positioned upstream of the two
somatic transcriptional start sites (Fig. 1; see references 14 and
31). When this genomic fragment was evaluated for the ability
to drive somatic cell expression of a reporter gene in transgenic
mice, we failed to detect expression in six different lines (un-
published data). Thus, in contrast to the 87-bp male germ cell
promoter, the B4GalT-I somatic cell promoter region extends
beyond the 1.3-kb genomic fragment analyzed.

While we find the compactness of the B4GalT-I male germ
cell promoter remarkable, this appears to be an emerging
general rule and not the exception, based on the limited subset
of male germ cell promoters that have been analyzed in vivo. In
addition to B4GalT-I, other examples of short, compact pro-
moter regions that regulate male germ cell-specific gene ex-
pression include the 91-bp angiotensin-converting enzyme pro-
moter (17), the 330-bp calmegin promoter (50), the 100-bp
lactate dehydrogenase ¢ promoter (23), the 187-bp promoter
of the Ela subunit of the pyruvate dehydrogenase complex
(18), the 328-bp phosphoglycerate kinase 2 (Pgk-2) promoter
(33), the 116-bp proenkephalin promoter (24), and the 113-bp
protamine 1 promoter (53).

Most of these male germ cell-specific promoters, including
B4GalT-I, do not have a TATA binding site immediately up-
stream of their respective start sites. This suggests that binding
of RNA polymerase II may occur via an initiator (Inr) element
(YCANTYY) (19). Inspection of the sequence surrounding
the B4GalT-I male germ cell start site (5'-CACTC"'CATTT
T-3") does reveal a potential Inr consensus motif (underlined
sequence), with the requisite A nucleotide positioned near the
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FIG. 9. Model depicting the binding of TASS-1 and a putative cofactor
(Co-F) to the 14-bp regulatory element. (A) High-affinity binding of TASS-1 to
the 14-bp motif (open rectangle) is shown by the solid vertical lines. This binding
leads to the recruitment of a putative Co-F which interacts with TASS-1 via
protein-protein interactions. (B) TASS-1 binds weakly, as shown by the dashed
vertical lines, to oligomer mut 1, in which the 5’ end of the binding motif has
been mutated (solid box). Co-F binding to DNA-bound TASS-1 is unaffected,
but the complex can easily dissociate; thus, the steady-state level of the complex
is greatly reduced. (C) TASS-1 binds weakly to oligomers mut 4 and mut 5, in
which the 3" end of the binding motif has been mutated (solid box); however,
Co-F cannot bind to the DNA-TASS-1 complex. (D) TASS-1 is unable to bind
an oligomer in which the core sequence is mutated (mut 2 or mut 3) or the entire
14-bp motif is mutated (mut 8).

start site (C*'). Thus, the Inr and TASS-1 binding sites may be
all that is required for B4GalT-I expression in late pachytene
spermatocytes and round spermatids.

Does TASS-1 associate with a cofactor(s) to activate tran-
scription of the 34GalT-I gene in male germ cells? While it is
proposed that only the TASS-1 and Inr binding motifs are
required for expression of B4GalT-I in male germ cells, it is
possible that an additional protein(s) is needed to mediate
communication between TASS-1 and the basal transcription
machinery (positioned at the Inr site). In fact, the presence of
a cofactor interacting directly with TASS-1 could explain the
differing electrophoretic mobilities of the DNA-protein com-
plexes formed by using the various mutated oligomers (Fig. 7).
In the schematic in Fig. 9A, we propose that binding of TASS-1
to the 14-bp motif leads to the recruitment of a cofactor (Co-
F), which gives rise to the intense band seen in Fig. 7B, lane 1.
While mutation at the 5" end of the binding motif (Fig. 9B, mut
1) results in reduced TASS-1 binding, Co-F can still bind the
complex; thus, the migration position of the complex seen with
mut 1 is identical to that seen with the 14-bp sequence (Fig. 7,
compare lanes 1 and 2). Mutation at the 3" end of the binding
motif (Fig. 9C, mut 4 and mut 5) also results in reduced
TASS-1 binding, but in this case, Co-F cannot bind the DNA-—
TASS-1 complex. Therefore, the migration pattern seen in Fig.
7, lanes 5 and 6, reflects the binding of TASS-1 alone. Finally,
mutation of the core sequence (Fig. 9D, mut 2 and mut 3) or
of the 14-bp motif (Fig. 9D, mut 8) abrogates the binding of
TASS-1 and Co-F (Fig. 7, lanes 3, 4, and 9).

Transcriptional activation of the 34GalT-I male germ cell
promoter is CREM~ independent. Recent studies have begun
to provide insight into the factors responsible for the transcrip-
tional activation of genes expressed in a stage-specific manner
during spermatogenesis. The genes studied can be divided into
two categories, i.e., those that are activated by CREMt and
those that are not. The genes regulated by CREMr include
those for the angiotensin-converting enzyme (17, 20, 55), cal-
spermin (43), RT7 (9), transition protein 1 (21), and prota-
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mines 1 and 2 (13, 44, 53). As anticipated, none of these genes
are expressed in the testes of CREM knockout mice (2, 28).

While we had speculated that the B4GalT-I male germ cell
promoter was also regulated by CREMr, due to the presence
of two putative CRE-like motifs in the 796-bp genomic frag-
ment initially analyzed (38), the DNase I footprinting and
EMSA results clearly demonstrate that neither site binds testis
nuclear proteins (Fig. 4 and 5). In addition, when steady-state
levels of the B4GalT-I male germ cell-specific transcripts in the
testes of CREM knockout mice were examined by Northern
blot analysis, they were comparable to those of wild-type mice
(10a). Collectively, these results show that the regulation of the
B4GalT-I gene during spermatogenesis is CREMrt indepen-
dent.

Other examples of genes activated in developing male germ
cells by a CREMrt-independent mechanism include those for
histone H1 (8, 47, 48, 51), lactate dehydrogenase ¢ (23, 54),
proenkephalin (24), and Pgk-2 (11, 12). Transgenic constructs,
in combination with DNase I footprinting and EMSAs, have
been used to delineate functional regulatory elements in the
male germ cell promoter of these genes. With the exception of
that for Pgk-2 (discussed below), the transcriptional activation
of each of these genes apparently requires unique regulatory
elements that are unrelated to the TASS-1 motif.

A comparison of the murine Pgk-2 male germ cell promoter
with the B4GalT-I promoter proved interesting. Male germ
cell-specific expression of both genes is seen in pachytene sper-
matocytes and postmeiotic haploid round spermatids. Cell-free
transcription assays, DNase I footprinting, and EMSAs were
used to identify a testis protein designated TAP-1 that binds
the sequence 5'-AATTTGAAAGGAAATCCAG-3' in the
Pgk-2 promoter (12). Furthermore, it was shown by mutation
analysis that Tap-1 recognizes the core 5'-GGAA-3’ sequence,
which is the signature binding motif for the Ets family of
transcription factors (reviewed in reference 49; see also refer-
ences 29 and 45). From an inspection of the bottom strand of
the TASS-1 binding site, we noted the presence of this same
4-bp Ets motif (sequence in Fig. 4C); in addition, three of the
surrounding eight nucleotides in the TASS-1 binding site were
identical to those in the Tap-1 binding site.

Is TASS-1 an Ets protein? The presence of the Ets core
motif in the TASS-1 binding site suggested that TASS-1 is an
Ets family member. To date, ~30 different Ets proteins have
been identified; each interacts specifically with its respective cis
element via a conserved DNA binding domain ~85 amino
acids in length (reviewed in references 42 and 49). The 5-bp
flanking sequence on either side of the 5'-GGAA-3' core ap-
pears to determine the affinity of a specific Ets protein for its
target sequence, although it has been shown that different Ets
proteins can bind with comparable affinity to the same target
sequence in vitro (5).

To determine if the Tap-1 and TASS-1 motifs bind the same
Ets transcriptional activator, an oligomer shown to bind Tap-1
in vitro (12) was used as a competitor in an EMSA using a
testis nuclear extract and the —756/—734 oligomer (containing
the TASS-1 binding site). Complex formation was not affected,
even at a 400-fold molar excess of the unlabeled Tap-1 oli-
gomer (data not shown). This result strongly suggests that the
protein binding to the TASS-1 regulatory element is not Tap-1.

We have also examined a subset of Ets family members
reported to be expressed in murine testes. This group includes
Elk-1 (32), ER71 and ER8]1 (5), ERM (27), ERP (26), GABP«
(5), and PEA3 (27). We subsequently established that these
seven Ets family members are expressed in pachytene sper-
matocytes and round spermatids by using a reverse transcrip-
tion-PCR-based assay (data not shown). ER71 was of partic-
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ular interest, since Northern analysis of a panel of 10 murine
tissues revealed that ER71 mRNA was only found in testes and
the 10.5-day-old embryo (5). EMSAs were carried out by using
the appropriate Ets oligomers as competitors with the —756/
—734 oligomer. The inability of each of the oligomers to affect
complex formation, even at a 400-fold molar excess (data not
shown), suggests that TASS-1 is not one of these proteins.

Finally, Ets-1, Ets-2, Ets-3, Erg-1, Erg-2, and Fli-1 were
ruled out as candidates, since an antibody (Santa Cruz Bio-
technology Inc.) that recognizes a region of the conserved
DNA binding domain of these proteins failed to abrogate or
supershift the complex observed after incubation of the —756/
—734 oligomer with the testis nuclear extract (data not shown).
Further experiments are necessary to establish if TASS-1 is (i)
a novel Ets protein, (ii) a member of the Ets family, or (iii) a
novel transcriptional activator that is unrelated to the Ets fam-
ily but also recognizes a 5'-GGAA-3’ motif. If TASS-1 proved
to be an Ets family member, this would be the first demon-
stration of gene regulation in male germ cells in vivo by an Ets
protein.
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