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The Hsc70t gene is a Hsp70 homolog gene expressed constitutively in spermatids in mice.
This gene is linked to two heat-inducible Hsp70 genes, Hsp70.1 and Hsp70.3, located in the
MHC class III region. The syntenic region of human chromosome 6 contains the HSPA1B,
HSPA1A, and HSPA1L genes. Here, we have isolated a HSPA1L cDNA clone from human
testicular cells. The HSPA1L gene contained an intron 13 bp upstream of the initiating ATG.
A similar genomic structure was found in the Hsc70t gene. The transcription initiation site
of the Hsc70t gene was located at ca. 600 bp upstream of the heat-inducible Hsp70.3 gene,
linked head-to-head. Sequence alignment of the mouse and human genes revealed that the
human HSPA1L and HSPA1A genes were orthologous to the mouse Hsc70t and Hsp70.3
genes, respectively. Conserved sequence stretches observed in the 5' flanking region and the
first exon of the spermatid-specific Hsp70 gene may be involved in regulation of the specific
gene expression.
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A 70 kDa heat shock protein (HSP70) is evolutionarily
conserved and phylogenetically ubiquitous in all organisms.
Most eukaryotes have a large family of at least 5 Hsp70-
related genes (1-3). These genes exhibit close homology at
the amino acid sequence level, but their expression is
regulated differently.

A unique expression pattern of Hsp70-related genes has
been reported in male germ cell differentiation in the
mouse and rat (4, 5). The Hsp70.2 gene in the mouse and
the orthologous gene, Hst70, in the rat have been cloned,
and it has been shown that their expression starts in
spermatocytes during spermatogenesis [6, 7). Recently, a
human homolog of these genes, HSPA2, was cloned, and it
was shown that HSPA2 is constitutively expressed in most
tissues, with a high level in the testis (8). We have isolated
another mouse testis-specific Hsp70 gene, Hsc70t, tran-
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scribed exclusively after meiosis during mouse spermato-
genesis (9, 10). At present, the Hsc70t gene is the only
member of the Hsp70 gene family known to be expressed
in a cell-type specific manner.

The Hsc70t gene was physically mapped to the central
region of the mouse MHC linked with the heat-inducible
Hsp70.3 and Hsp70.1 genes (3, 11). The genomic organiza-
tion of these Hsp70 genes in the mouse MHC is consistent
with that of HSPA1B, HSPA1A, and HSPA1L (alias
HSP70-2, HSP70-1, and HSP70-Hom, respectively) in the
class HI region of the human MHC {12, 13). The amino acid
sequence of HSPA1L is 90% homologous to those of heat-
inducible genes HSPA1B and HSPA1A. Despite then-
sequence similarity, these genes differ in the regulation of
their expression (13).

In the present work, HSPA1L cDNA was isolated from a
human testis cDNA library, with antiserum against the
murine Hsc70t gene product. Sequence comparison of
cDNA and genomic DNA in mouse and man revealed the
evolutionarily conserved, novel genomic structure of the
spermatid-specific Hsp70 gene, in which the 5' untranslat-
ed region is interrupted by an intron. In addition, we
mapped the transcription start point of the Hsc70t gene
approximately 600 bp upstream of that of the Hsp70.3
gene. Our data allowed us to perform comparative analyses
of Hsc70t and homologous genes expressed in the mamma-
lian testis to understand the regulation of their gene
expression.

MATERIALS AND METHODS

cDNA Screening—To prepare an antiserum against the
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mouse HSC70t protein, a 1.1 kb Pstl fragment of the pHS2
cDNA clone, which encoded a part of the carboxy terminal
amino acids (377-641) of mouse HSC7Ot (9), was sub-
cloned in frame into the pPUR292 lacZ expression vector
{14). The electrophoretically purified fusion protein was
injected subcutaneously into rabbits. For the isolation of
antibodies specific to testicular germ cells, the antiserum
was absorbed with bacterial lysates of E. coli cells express-
ing y9-gal derived from the pUR292 vector using an
Affigel-15 (Bio-Rad, Hercules, CA) affinity column. The
character of the antiserum was described by Matsumoto et
al. (15). On two-dimensional Western blotting analysis,
the antiserum strongly reacted with a novel 70 kDa protein
in the late spermatid fraction. Immunohistochemical ana-
lyses of mouse testis sections revealed that the antigen was
present in the cytoplasm of late spermatids. The antigens
recognized by this antiserum were also detected on im-
munohistochemistry in the human testis {16).

A human testis cDNA library from a healthy 50-year-
old, constructed at the EcdSl site of Agtll (Clontech, Palo
Alto, CA), was screened for phages containing the human
cDNA counterpart of the mouse Hsc70t gene by immuno-
screening. Immunoscreening was performed with absorbed
rabbit antiserum against the mouse HSC70t protein as the
first antibody, followed by alkaline phosphatase-conjugated
goat anti-rabbit immunoglobulin (Cappel, West Chester,
PA). Positive clones were detected with nitroblue tetra-
zolium as the chromogen. Inserts from positive phage
clones were isolated by EcoBI digestion and subcloned into
the EcoBI site of the pBluescript II vector.

An adult mouse BALB/c testis cDNA library constructed
at the EcoBI site of Agtll (Clontech, Palo Alto, CA) was
screened for Hsc70t full length cDNA-containing phages by
means of the same immunoscreening. This library was also
screened by hybridization to a BamHl-EcoBI fragment
from pHS2 (a BTBRTF strain partial length cDNA; 9).
Inserts from positive bacteriophage clones were isolated by
EcoBI digestion and subcloned into the EcoBI site of the
pBluescript II vector. To obtain the maximum possible
amount of the 5' flunking sequence of Hsc70t cDNA, a
5'-RACE reaction was performed with cDNA templates
premade from BALB/c testes RNA (Marathon-Ready
cDNA; Clontech, Palo Alto, CA) using a Marathon cDNA
adapter primer and an Hsc70t gene-specific reverse primer
(5' - CTTCATATCTGACTGCACAACAGG- 3', correspond-
ing to complementary sequences to sequences encoding
amino acid sequence 83 to 90), according to the manufac-
turer's protocol. The amplified product was a highly specific
fragment that was gel-purified and cloned into the pGEM-T
vector.

Genomic DNA Screening—A human cosmid genomic
library was constructed by ligation of a Sau3AI partial
digest of DNA from an HLA homozygous B cell line,
AKIBA (A24, B52, Cw-, DR2, DQ6, Cp63), into the BamHl
site of the pWE15 cosmid vector {17). Colonies were
screened with 32P-labeled inserts, one of the human cDNA
clones, HUM70t, isolated from the testis library, and the
human heat-inducible HSP70 genomic DNA clone, pH 2.3
(1). Two positive clones, pAH6051 and pAH6036, were
characterized by comparing their restriction maps with
those reported previously by Milner and Campbell (13). A
3 kb BamHl fragment containing upstream HSPA1A se-
quences was subcloned from pAH6036 into the pBluescript

II vector.
A mouse genomic clone A gl3 containing the Hsc70t gene

was isolated from the 129/SvJ mouse genomic library as
previously described (9). This clone contains 7 kb and 6 kb
EcoBI fragments, labeled with GE7 and GE6, respectively.
The GE6 subclone contains the amino acid coding region of
Hsc70t. Parts of the GE7 clone, NA16, NA32, NA8, and
NA6, were subcloned into the pBS vector to determine the
upstream region of the Hsc70t gene.

Primer Extension Experiment—Total RNA was extract-
ed from adult testes of the 129/SvJ strain mice according
to the method of Chirgwin et al. (18). Poly(A)+ RNA was
prepared using Oligotex-dT30 (Japan Synthetic Rubber/
Nippon Roche, Tokyo). Primer extension was conducted as
described (29). Antisense DNA was extended using poly-
(A)+ RNA as a template, with reverse transcriptase (Ta-
kara, Tokyo). An oligonucleotide primer, P-5 (5'-AGCTC-
CAGGAACATCCAAACTGAGC-3'), starting at the 79th
nu- cleotide upstream from ATG as an antisense sequence
was used to extend the 5' portion of the cDNA (Fig. lb). The
primer was labeled with [y-32P] ATP using T4 polynucleo-
tide kinase (Takara). The extended products were analyzed
on a denaturing 8% polyacrylamide gel.

Nuclease Protection Assay—For nuclease protection a
349-nt antisense DNA was generated from primer P-5
through thermal cycle extension of a Sftd-digested pNA6
plasmid, containing a Stul-Sacl genomic DNA fragment as
a template, with Taq polymerase (Takara). The extended
product was gel-purified and 32P-end-labeled. The mapping
of the 5'-end of Hsc70t RNA was conducted essentially as
described by Berk and Sharp (20) except that mung bean
DNA nuclease (Takara) was used for digestion of the
DNA-RNA hybrids instead of Si nuclease. The protected
fragments were separated on a denaturing 8% polyacryl-
amide gel. The P-5 primer was used for parallel sequencing
of the pNA6 plasmid DNA, which allowed comparison with
the corresponding genomic nucleotide sequence as the size
marker.

DNA Sequencing—The nucleotide sequences of genomic
and complementary DNAs, and 5'-RACE products were
determined by the dideoxy-chain termination method using
fluorescein auto DNA sequencers (Genesis 2000, Dupont;
and ABI PRISM377, Perkin Elmer). Sequence data were
analyzed with MacMolly Tetra (Soft Gene GmbH) or
Gene Works (IntelliGenetics, Mountain View, CA) software
packages on a Macintosh personal computer.

RESULTS AND DISCUSSION

cDNA Cloning and Genomic Structure of the Human
HSPA1L Gene—Antigens, recognized by an antiserum
against the fusion protein from the mouse Hsc70t cDNA
clone, were detected by immunohistochemistry in the
human testis (16). On the basis of this evidence, we
attempted to isolate a member of the human HSP70 gene
family from a human testis cDNA expression library using
the antiserum. Sequence alignment of positive clones
showed a continuous 2,371 bp stretch of cDNA containing
an open reading frame, coding for a 641 amino acid protein,
similar to the heat-inducible HSP70 protein. We have
referred to this cDNA clone as HUM70t (see database,
M85730). Although there were 11 single-base discrep-
ancies between the published HSPA1L genomic sequence
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Q Fig. 1. Sequence compari-
sons of the genome and cDNA

genome - 3 0 5 3 AAATTTGCAGGGAGGaACGGGGTGGGGGGTGGGGGGACCCCGGTTGTGCAaTTTaATATT in man (a) and mouse (b). The
cDNA - 1 3 5 QACGGGGTGGGGQGTOGOOGQACCCCOGTTGTGCAGTTTGATATT upper line shows the sequence of

the genome and the lower line
- 2 9 9 3 aAaaaAGCCCCCACCTACTCGCTaaQGCTOCGTAATCTQGACGTTTCCAAACTOAAGCGA th e sequence of the cDNA, in

- 9 QAGaaAGCCCCCACCTACTCGCTGGGGCTGCGTAATCTGTACGCTTCCAAACTGAAGCOA which the split region is indicat-

ed by a dashed line. The third
- 2 9 3 3 AGGCGTCGGOAGACTAGGTGAGCCAGTAGGGATCTGATTGATTGTGAACCTGAAAGGCTC line shows the deduced amino

- 3 0 AGGCGTCGGGAOACTAG acid sequences. Nucleotides are
numbered on the left with the

- 2 8 7 3 AGTAGGTCCTTGTTTGG (2770bp) AAGACCCTGTCTCAAAAAAATAAATA translation initiation site de-
signated as + 1 . Alignment of
the 5' untranslated sequences

- 6 1 ACATTOAAAAGGAACTCTCCCAAAAGTATCTTATTCTTTCTCCATAGGCCTCAGAGAACC indicates that both genes are
_ 1 3 GCCTCAGAGAACC divided by intervening se-

quences. The splice junction
dinucleotides (GT/AG) are un-

+ 1 ATGGCTACTGCCAAGGGAATCGCCATAGGAATCGACCTGGGCACCACCTACTCCTGTGTG derhned ^ fte h u m a n HSPA1L

+ 1 ATGGCTACTGCCAAGGGAATCOCCATAGGCATCGACCTGGGCACCACCTACTCCTGTGTG g e M ^ d o w n f l t r e a m g e n Q .

M A T A K G I A I Q I D L G T T Y S C V mic sequences after the abridged

intron were taken from Milner
and Campbell (23). The 30th

Q base, A, in the sequence deposit-

genome - 4 2 4 9 AAAGTTGCCGGaAGGGGCGGGGTGOGGGGTGGGGGGaACCCCGGCTGCTCAGTTTGGATa / M ^ L < v f

CDNA - 1 4 4 TGCCGGGAGGGGCGGGGTGGQGGGT<WGGOGGACCCCGqCTQCTCAGTTTQGATG fjSPAlL c D N A s ^ u e n c e The

- 4 1 8 9 TTCCTGGAGCTCCCTGCTCGTAGGGaCTCAGCaACTTCAAATTTTCCAAACTGGATCGAA ^ p ^ L cDNA^and total ^p
- 8 9 ^TCCTGQAGCTCCCTGCTCGTAGGGGCTCAGCGACTTCAAATTTTCCAAACTGGATCGAA stream sequence'of the HSPAiL

gene are registered in GenBank,
-4.129 GGCGTAGAaATCCCAGGTGAGCTGGGAAGGCTCTGATTGGAGTGGGGCAGAAGCCTCTGT Q85730 and D85731, respec-

- 2 9 GGCGTAGAGATCCCAG tively. In the mouse Hsc70t

gene (b), the complementary
- 4 0 6 9 GTCCCAGTTGGTCCTC ( 3 9 7 0 b p ) ATAGCTTAAGTTTTATTTAAAA sequences ( - 1 0 3 to-79) to the

P-5 primer used for determina-
tion of the transcription start

- 6 1 AGAAAACACTAGCCTAAATATGATTTTCAAGTCTCCTTTCTCCATAGGCCTCGGAAAACC point are double-underlined.
_ 1 3 GCCTCGGAAAACC The complete cDNA sequence of

Hsc70t and the total intron
+ 1 ATGGCTGCTAATAAAGaAATGGCOATCGGCATCGACTTGGGCACCACCTACTCGTGCGTG sequence of the genome are
+ 1 ATGGCTGCTAATAAAGGAATGGCGATCGGCATCGACTTGGGCACCACCTACTCGTGCGTG registered in GenBank, D85732

M A A N K G M A I G I D L G T T Y S C V and D85733, respectively.

Fig. 2. Restriction map and
genomic organization of a
part of the MHC class HI
region containing a cluster of
HSP70 homologs in man (a)
and mouse (b). The exons are
indicated by boxes and the shad-
ed areas represent the coding
regions. An arrow indicates the
direction of transcription of each
gene. The human genome (a)
was isolated from two cosmid
clones, pAH6051 and pAH6036.
The restriction mapping sites
mostly correspond with data of
Milner and Campbell {13).
Genomic subclone cBB, contain-
ing a BamHI fragment, was used
for detection of the first exon of
HSPA1L, which is shown in the
top scheme. The mouse genome

HSPA1B

EcoRI BamHI BamHI Hindlll Hindlll

HSPA1A HSPA1L
EcoRI

BamHI BamHI Hmdlll Hindlll EqoRI Hindlll

pAH6O5J_
pAH6O36

cBB 5 kb

1

EcoRI

Hsp70.3

Sad Stul Psll

Sad
Stul Hindlll Sad

Sort Sad BamHI EcoRI

Hsc7Ot
BamHI

t-OrxSII BamHI
Psa PsU BamHI EcoRI EcoFU

GE7
NA16" NA32

N A 8NA6
GE6

1 kb
(b) was isolated from a X gl3 clone. The mapping sites are compared with sites found in the cosmid clones (11). Hsp70.3 encodes two transcripts,
hsp68 MHS243 and MHS213 (22). Genomic subclones GE6 and GE7, containing £coRI fragments, were used to determine the genomic
structures of these genes. Clone NA6 was used for determination of the transcription initiation site of the Hsc70t gene.
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(13) and the sequence of the cDNA clone, the sequences
matched each other in the coding and 3' untranslated
regions. As shown in Fig. la, however, the 119 bp of the 5'
untranslated sequence found in the cDNA clone was not
present in the published sequences of HSPA1A and
HSPA1L (13). This suggests that the HSPA1L gene may
contain at least one intron in its 5' untranslated region. The
missing sequences could be located in the BamHl 3.0 kb
fragment between the HSPA1A and HSPA1L loci (Fig. 2a).
Nucleotide sequencing of the BamUl 3.0 kb fragment
confirmed that a sequence completely matching the 5'
untranslated region of the cDNA was present in this region
(Fig. la).

Genomic Structure of the Mouse Hsc70t Gene—In order
to compare the genomic structure of the human HSPA1L
with that of murine Hsc70t, cDNA clones carrying 5'
untranslated sequences of Hsc70t were isolated. The
sequence of one of the cDNA clones, FB-1, isolated from a
BALB/c mouse testes cDNA expression library with the
antibody and with a DNA probe for the 3' untranslated
region of the Hsc70t cDNA almost completely matched the
previously reported Hsc70t sequence (see database,
D85732, 9; the published sequences have been corrected in
GenBank, M32218, 21). The newly isolated murine Hsc70t
cDNA has mismatched sequences in the 5' untranslated
region compared to the GE6 genomic EcoBI 6 kb fragment
previously isolated, as does the human HSPA1L cDNA
(Fig. lb).

To detect further sequences upstream in the genomic
clone, the GE7 genomic EcoBI 7 kb fragment was subcloned
from the same Agl3 phage clone containing the GE6 clone.
The resultant EcoBI fragments corresponded with the
recently reported restriction map sites of the region con-
taining the Hsp70.3 and Hsc70t genes, denned by overlap-
ping cosmidclones (Fig. 2b; 11). Actually, the GE7genomic
clone contains the sequences of Hsp70.3 encoding two
mRNAs carrying different poly(A) signal sites, MHS213
and MHS243, the hsp68 cDNA clones described by Lowe
and Moran (22) (data not shown; the sequences are regis-
tered in GenBank, D85734). Nucleotide sequencing of the
GE6 and GE7 genomic clones made it clear that sequences
corresponding to the 5' untranslated sequences of the
Hsc70t cDNA are located in the upstream region of the
Hsp70.3 gene in the GE7 clone (Fig. lb). Thus, we detected
the presence of only one intervening sequence of ca. 3 kb
and ca. 4 kb in the human and mouse genomes, respectively
(Fig. 2). The sequence at the exon-intron junction border in
both genes agrees with the splicing consensus sequence (23;
Fig. 1).

Linkage between the MHC and Hsp70 genes, and physi-
cal mapping of three Hsp70 homologs, Hsp70-l, Hsp70-2,
and Hsp70-3, have been shown in the rat (24). The
homologous relationship between mouse Hsc70t and rat
Hsp70-3 is supported by the results obtained on inter-
species sequence comparisons, in particular of the 3'
untranslated regions. Recently, it was shown that the rat
Hsp70-3 gene contains an intron in the same genomic
region (25).

Characterization of the Transcription Initiation Site of
the Mouse Hsc70t Gene—The 5' end of the murine Hsc7Ot
gene was determined by means of the primer extension and
single-stranded DNA nuclease mapping methods. As a
result, a major initiation site was found, with a correspond-

ing band, with both methods at A, the position being
assigned as + 1 (Fig. 3). Five nucleotides were removed
from this initiation site at the 5'-end of the cDNA generated
by the 5'-RACE method using the P-5 primer, as shown in
Fig. lb. This may have been caused by the action of T4
DNA polymerase, which was used to create blunt ends on
the double stranded cDNA for adapter ligation. As shown in
Fig. 3, the 71 nt protected band observed on nuclease
protection assaying in lane 1 is consistent with the major
band observed on the primer extension assaying in lane 2.
Although the major site on nuclease protection assaying
appeared to be 2 bp beyond this band, this may be due to
steric interference by the cap structure of RNA (26). As a
result, a major initiation site was found at A, at the position
denoted by an asterisk (Fig. 3b).

There was no canonical TATA element located at the
characteristic position near the transcription initiation site
(27). The transcription start site was, however, overlapped
by the loose consensus sequence of an initiator (Inr),
PyPyA+lNT/APyPy, which is sufficient for determining
the start site location in TATA-less promoters (28). These
sequences are almost completely conserved in the mouse

DNA6

til +1

349 nt

Sacl

eron 1

71 I

m P-5 primer

-CZ stigle-strand DNA

^ Z mapping product

71

1 2 G ATC

Fig. 3. Determination of the transcription Initiation site ( + 1)
of the mouse Hsc7Ot gene, (a) The strategy used to determine the
location of + 1 . For mung bean nuclease protection mapping, oligonu-
cleotide primer P-5 was used to generate an antisense 349-nt single-
strand DNA probe from a Stol-digested pNA6 plasmid containing a
Stul-Sacl genomic fragment by thermal cycle extension, (b) Lane 1,
mung bean nuclease protection assay results with mouse testis RNA.
Lane 2, primer extension analysis with primer P-5 was performed on
testis poly(A)+ RNA. Lanes G, A, T, and C are DNA sequence ladders
of genomic clone NA6 with the same primer, P-5. The sequence of 16
bases containing the transcription initiation site (•) is shown on the
right. The 71-nt bands corresponding to the protected fragment
observed on mung bean nuclease protection assaying and the extended
product observed on primer extension analysis are indicated by an
arrowhead. The major band in lane 1 may have been caused by steric
interference by the cap structure of RNA.
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mouse - 5 7 1 TGACCTGCTCGCCGCCCTGCGCCTTTAAGGAGTCTTCACCGGCCCCGCCC
man *CCGGAC*G*TTGC*****GCGT****TAAGTCG*CACGGA*A******T

I.+

L 3 S H
-521

TT**C*TT***A*

Z 3 S H
- i 2 2 ATCGGAGTTGTGGGTTCCG-CCCTTGTCCAGAACTCTCCAGAGGTTTCTGGGGTTCACTOGAGAGTAC-GGATTCCTGAGGGGQAGGGTGTGGGGAAGTG

* * * ĵ * * *QCCA* AC*G* **c***C**CT************** *TC *******A**********G*G**A* *GAC ******A**A*~ — ***#Q#***

-324
GC** **GG* — * *Q*TGTTG* *CT*C* ******T**-*G**C *

H-GCTCGGTGTTGTGTACAGTT
*C**TTC*--*C*--*TT*AT*Q**AGGA*G*G****C*C**-* *C*

-22 5 TGTTGTGATTTGTGGGGTTTCGCC-J
* _ * * *^* ****** *QQ*f* *TGGG*CT* *G*****G* *GGC* - * *•*C*-GGT**GGGG*GC *

BOX II

*TT* *G*

BOX I

» **CC*

-126

*__»____***•**** *<p*QT*T* *** — — — * —

+1 Sp1 PuF p u F

-2 6 TAQAGQCTCTGTCCCAGCACAGQCtTCAAAQTtrQCCQGGAQGGGCGGGGTGGGGQQTGGGGGGQACCCCGGCTGCTCAiOTTTGQATQTTCCTGGAGCTC--
\* * • -TTA* * *AGTTQ*AG*C*T* *****T** *CA* ******x*******************-*******T* *TG* *****-** *\* *GAQ* * * * *C*CC

Intron
T T M e t

7 3 -CCTGCTCGTAGGGGCTCAGCGACTTCAAATTTTCCAAACTGGATCGAAGGCGTAGAGATCCCAGgtgaOC ctCcataoGCCTCGGAAAACCATG
j^* * *j^* * * *QT* * * * * *GC*TA*TC*GG*CG* **********J^*G*********C*G* *GA*T* * * * * * * * ************ *j^* *Q* ***** *

Fig. 4. Comparison of the nucleotide sequences of the 5' flank-
ing region, exon 1 and a part of exon 2 of the murine Hsc70t and
human HSPAIL genes. The Hsc70t gene in the upper line is aligned
with the HSPAIL gene in the lower line. Sequences that differ from
Hsc70t are shown, identical sequences being indicated by asterisks.
Dashes are inserted to optimize alignment of the sequences. The
sequence is numbered relative to the transcription start point of the
Hsc70t gene determined in this study, which is designated as +1 . The
transcription start point of human HSPA 1A{44), which is transcribed
in the opposite direction, is denoted by +1 upside-down. Intron
sequences are shown in small letters. The start methionine (ATG) is

indicated by Met. Typical elements, TATA box, CCAAT box, GC box
(Spl), and heat shock consensus elements (GAA/TTC) HSEl and
HSE2, in the promoters of the heat inducible Hsp70 genes are
indicated. Highly conserved, long sequence stretches upstream of the
transcription start point of the Hsc70t gene are shown as Box I and Box
II. CRE-like sequences in Box I are boxed. Weak consensus initiator
sequences containing the transcription initiation site are boxed.
Conserved GC-rich sequences downstream of the transcription start
point are underlined with a dashed line. In this region, the Spl and
GGGTGGG PuF elements are overlined.

and human genomes (Fig. 4). Thus, the transcription
initiation site of the mouse spermatid-specific Hsp70 gene
is very close to the 5' end of the heat-inducible Hsp70.3
gene, which is transcribed in the opposite direction. The
proximal ca. 300 bp of the 5' flanking region of the heat-
inducible Hsp70 gene is highly conserved in man and mouse
(1, 29). In this region, there are two heat shock elements
(HSE), which are the binding sites for the transcription
factor (HSF), necessary for inducible transcription of
Hsp70 family genes (see Ref. 30, for a review).

A comparison of the mouse and human sequences sug-
gested the locations of possible functional elements re-
quired for regulation of the spermatid-specific Hsp70
genes. The sequence, GGGTGGG, conserved in the first
exon of the spermatid-specific Hsp70, is an element which
interacts with PuF, a nuclease hypersensitive element of
the human c-myc promoter (31). This element occurs
within the germ-cell promoter of the human PGK2 gene, as
functionally defined in transgenic mice (32). Both the
mouse protamine-1 and protamine-2 5' regions contain the
sequence, GGGTGGG (33). This sequence has also been
identified in the germ cell cap site region of the proenke-
phalin gene, for which spermatogenic-cell transcription is
initiated downstream from the proenkephalin somatic
promoter (34).

Upstream of the transcription initiation site, there are
two conserved, long-stretch sequences named Box I and
Box II. Box I contains a putative cAMP responsive element
(CRE), although the sequence diverges slightly from that of
a typical CRE (35). The presence of a CRE-like element
(TGACCTCA) in Box I is significant in light of the evidence
that some haploid-specific genes are regulated transcrip-
tionally with CRE-like sequences (36-39). A testis-specific
cyclic AMP-responsive element modulator (CREMr) is
expressed in spermatids, and in vitro transcription of the
haploid-specific RT7 gene is directly regulated by CREMr
(40, 41). In fact, it has been shown that, CREM deficiency,
generated by homologous recombination, results in a lack of
post-meiotic cell-specific gene expression and the complete
absence of late spermatids (42, 43).

Coordinate activation of a set of spermatid-specific
genes, including Hsc70t and human orthologous genes,
might be regulated through some common cis-acting ele-
ments. Functional analysis of transcription of these genes
will help to reveal the mechanisms of gene expression in
haploid germ cells during mammalian spermatogenesis.

We wish to thank Dr. T. Shimokawa for the valuable discussions, and
Dr. R.P. Erickson for critical reading of the manuscript.
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