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Chromosome 1q32.1 is of interest for a variety of diseasesThe Novel Epithelial-Specific Ets and especially for various types of cancer. Nonrandom struc-

tural abnormalities of chromosome 1q are frequently ob-Transcription Factor Gene ESX Maps
served in human tumors and have been linked to many hu-to Human Chromosome 1q32.1 man cancers including ovarian, breast, cervical, lung, stom-
ach, kidney, pancreas, retinoblastoma, testicular germ cell,Peter Oettgen,* Kenneth C. Carter,† melanoma, Wilms, medulloblastoma, hepatoblastoma, rhab-

Meena Augustus,† Marcello Barcinski,‡ domyosarcoma, large bowel, head and neck squamous, gli-
Jay Boltax,* Charles Kunsch,† oma, tongue squamous, Ewing’s sarcoma, bladder, colon, and
and Towia A. Libermann*,1 myeloid leukemia (6, 7, 9, 11–14). Loss of heterozygosity for

1q32.1 was detected especially frequently in medulloblas-
*Division of Immunology, Beth Israel Deaconess Medical Center, and toma, hepatoblastoma, collecting duct carcinoma of the kid-
Harvard Medical School, Boston, Massachusetts 02215; †Human ney, cervical cancer, ovarian cancer, and testicular germ cell
Genome Sciences, Inc., Rockville, Maryland 20850; and ‡Department of

cancers, suggesting the presence of a putative tumor suppres-Parasitology, University of Sao Paulo, Sao Paulo, Brazil 05508-900
sor gene in that region (6, 7, 13, 14). Amplification of 1q32.1
has been frequently found in human gliomas, suggesting theReceived April 25, 1997; accepted August 5, 1997
location of a putative oncogene in that region (9). Localization
of the ESX gene will enable us to explore the possibility that
aberrations of the ESX gene are involved in human cancer
formation.We have recently isolated and characterized a novel mem-

ber of the Ets transcription factor family, ESX (also known as
ESE-1), the first Ets factor and one of only a few transcription ACKNOWLEDGMENTS
factors exclusively expressed in epithelial cells (10). Since
several members of this unique group of transcription factors We acknowledge fruitful discussions with Dr. R. Kapeller, Dr. Dan-
have been directly implicated in human tumor-specific chro- iel Tenen, Dr. Todd Golub, and Dr. Phil Auron. This study was sup-
mosomal translocations, we were interested in determining ported by National Institutes of Health Grant AI/CA33211-05 ALY

to T.A.L. and by National Institutes of Health Grant KO8/CA 71429-the specific chromosomal localization of ESX (1–3, 15). A
01 to P.O. M.A.B. is a recipient of a CNPQ-Brasil scholarship.human genomic clone encoding the ESX gene was obtained

from Genome Systems after screening a PAC library with
ESX-specific primers and further analyzed by subcloning and REFERENCES
DNA sequencing (Barcinski et al., manuscript in prepara-
tion). To determine the precise chromosomal location of ESX, 1. Delattre, O., Zucman, J., Plougastel, B., Desmaze, C., Melot,
we performed single-copy gene fluorescence in situ hybridiza- T., Peter, M., Kovar, H., Joubert, I., de Jong, P., Rouleau, G.,
tion (FISH) to human male metaphase chromosome spreads et al. (1992). Gene fusion with an ETS DNA-binding domain
(8). The ESX human genomic PAC–DNA insert was nick- caused by chromosome translocation in human tumours. Nature

359: 162–165.translated using digoxigenin–dUTP (Boehringer Mann-
heim), and FISH was performed as detailed in Johnson et al. 2. Golub, T. R., Barker, G. F., Bohlander, S. K., Hiebert, S. W.,

Ward, D. C., Bray, W. P., Morgan, E., Raimondi, S. C., Rowley,(4). Individual chromosomes were counterstained with 4*-6-
J. D., and Gilliland, D. G. (1995). Fusion of the TEL gene ondiamidino-2-phenylindole-2HCl (DAPI), and color digital im-
12p13 to the AML1 gene on 21q22 in acute lymphoblastic leuke-ages, containing both DAPI bands and gene signal—detected
mia. Proc. Natl. Acad. Sci. USA 9295: 4917–4921.with anti-digoxigenin-tagged rhodamine fluorescent label—

3. Golub, T. R., Barker, G. F., Lovett, M., and Gilliland, D. G.were recorded using a triple-band pass filter set (Chroma
(1994). Fusion of PDGF receptor beta to a novel ets-like gene,Technology, Inc., Brattleboro, VT) in combination with a
tel, in chronic myelomonocytic leukemia with t(5;12) chromo-charged coupled-device camera (Photometrics, Inc., Tucson,
somal translocation. Cell 77: 307–316.

AZ) and variable excitation wavelength filters (5). Images
4. Johnson, C. V., Singer, R. H., and Lawrence, J. B. (1991). Fluo-were analyzed using the ISEE software package (Inovision

rescent detection of nuclear RNA and DNA: Implications forCorp., Durham NC). Nine digitized images were analyzed, genome organization. Methods Cell Biol. 35: 73–99.
most of which had a doublet signal characteristic of genuine

5. Johnson, C. V., McNeil, J. A., Carter, K. C., and Lawrence, J. B.hybridization on both homologs of chromosome 1 (Fig. 1). (1991). A simple, rapid technique for precise mapping of multi-
Doublet signal was not detected on any other chromosome. ple sequences in two colors using a single optical filter set.
Detailed analysis of 14 individual chromosomes, using fluo- Genet. Anal. Techniques Appl. 8: 75–76.
rescence banding combined with high-resolution image anal- 6. Kraus, J. A., Albrecht, S., Wiestler, O. D., von Schweinitz, D.,
ysis, indicated that the ESX gene is positioned within band and Pietsch, T. (1996). Loss of heterozygosity on chromosome
1q32 (Fig. 1B), with the majority of signals appearing to clus- 1 in human hepatoblastoma. Int. J. Cancer 67: 467–471.
ter proximally in band 1q32.1. 7. Kraus, J. A., Koch, A., Albrecht, S., Von Diemling, A., Wiestler,

O. D., and Pietsch, T. (1996). Loss of heterozygosity at locus
F13B on chromosome 1q in human medulloblastoma. Int. J.1 To whom correspondence should be addressed at Department
Cancer 67: 11–15.of Medicine, Beth Israel Deaconess Medical Center, 330 Brookline

Avenue, Boston, MA 02215. Telephone: (617) 667-3393. Fax: (617) 8. Lawrence, J. B., Villnave, C. A., and Singer, R. A. (1988). Sensi-
tive high-resolution chromatin and chromosome mapping in975-5299. E-mail: tliberma@bidmc.harvard.edu.
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FIG. 1. Fluorescence in situ hybridization mapping of ESX (ESE-1). (A) A DAPI-stained metaphase spread, showing doublet gene signal
(arrows) on both chromosome 1 homologs. (B) (Left) A single DAPI-banded chromosome 1 with hybridization signal. (Center) G-banded image
converted from the same DAPI-stained chromosome. (Right) Idiogram of chromosome 1 marking the position of the gene (bar) to 1q32.

situ: Presence and orientation of two closely integrated copies Radiation Hybrid Mapping of Humanof EBV in a lymphoma line. Cell 52: 51–61.

ADAM10 Gene to Chromosome 159. Muleris, M., Almeida, A., Dutrillaux, A. M., Pruchon, E., Vega,
F., Delattre, J. Y., Poisson, M., Malfoy, B., and Dutrillaux, B.
(1994). Oncogene amplification in human gliomas: A molecular Kazuto Yamazaki,1 Yoshiharu Mizui, and Isao Tanaka
cytogenetic analysis. Oncogene 9: 2717–2722.

10. Oettgen, P., Alani, R. M., Barcinski, M. A., Brown, L., Akbarali, Tsukuba Research Laboratories, Eisai Co., Ltd., 5-1-3, Tokodai,
Tsukuba, Ibaraki 300-26, JapanY., Boltax, J., Kunsch, C., Munger, K., and Libermann, T. A.

(1997). Isolation and characterization of a novel epithelial-spe-
cific transcription factor, ESE-1, a member of the Ets family. Received April 7, 1997; accepted July 15, 1997
Mol. Cell. Biol. 17: 4419–4433.

11. Ried, T., Just, K. E., Holtgreve, G. H., du Manoir, S., Speicher,
M. R., Schrock, E., Latham, C., Blegen, H., Zetterberg, A.,
Cremer, T., et al. (1995). Comparative genomic hybridization of

A variety of cell surface adhesion proteins and proteinasesformalin-fixed, paraffin-embedded breast tumors reveals differ-
play important roles in the following events: tissue morpho-ent patterns of chromosomal gains and losses in fibroadenomas
genesis, placental implantation, and wound healing, as welland diploid and aneuploid carcinomas. Cancer Res. 55: 5415–

5423. as pathologies such as tumor cell invasion and cartilage deg-
radation in arthritis. Cadherin, immunoglobulin superfamily12. Rowley, J. D. (1978). Abnormalities of chromosome No. 1: Sig-
members, selectins, and integrins are known as families ofnificance in malignant transformation. Virchows Arch. B Cell
membrane-anchored cell surface adhesion molecules (6).Pathol. 29: 139–144.
Membrane-anchored cell surface proteinases include mem-13. Sreekantaiah, C., Bhargava, M. K., and Shetty, N. J. (1988).
brane-type matrix metalloproteinases (3). A family of pro-Chromosome 1 abnormalities in cervical carcinoma. Cancer 62:
teins containing a disintegrin and metalloproteinase domain1317–1324.
has been discovered and called the ADAM family. This family14. Steiner, G., Cairns, P., Polascik, T. J., Marshall, F. F., Epstein,
is a unique cell surface protein structure possessing bothJ. I., Sidransky, D., and Schoenberg, M. (1996). High-density
potential adhesion and proteinase domains (12). Amino acidmapping of chromosomal arm 1q in renal collecting duct carci-
sequence analysis on the ADAMs indicated that they containnoma: Region of minimal deletion at 1q32.1–q32.2. Cancer Res.

56: 5044–5046.

15. Wasylyk, B., Hahn, S. L., and Giovane, A. (1993). The Ets family 1 To whom correspondence should be addressed. Telephone: 81-
298-47-5923. Fax: 81-298-47-5367. E-mail: k5-yamazaki@eisai.co.jp.of transcription factors. Eur. J. Biochem. 211: 7–18.
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pro-, metalloproteinase-like, disintegrin-like, cysteine-rich,
EGF-like, transmembrane, and cytoplasmic domains.

Tumor necrosis factor-a (TNFa) is synthesized as a proin-
flammatory cytokine from a 233-amino-acid precursor. Con-
version of the membrane-bound precursor to a secreted ma-
ture protein is mediated by an unidentified proteinase,
termed TNFa convertase. Recently, it has been reported that
ADAM10 among the ADAMs possesses a TNFa convertase
activity (7). As it is well-known that TNFa is involved in a
variety of diseases, it is possible that ADAM10 is related to
the pathogenesis. We have, thus, mapped human the
ADAM10 locus using a radiation hybrid mapping method
covering whole human genomes (11) to elucidate whether the
locus links to the disease susceptibility loci.

The nucleotide sequence of human partial ADAM10 cDNA
was obtained from the GenBank/EMBL Data Bank under
Accession No. Z48579 (2423 nucleotides). The primers used
for the amplification of the gene were 5*-GGC ACT TTA AAG
AGG AGG AG-3 * (sense, nucleotides 1981–2000) and 5*-TGG
GTT CCT TTT CCA CCT-3 * (antisense, nucleotides 2272–
2289 in the 3 *-untranslated region).

Human genomic DNA purchased from Novagen was used.
Chinese hamster genomic DNA was extracted from the liver:
it was treated with proteinase K/ribonuclease A, and DNA
was extracted with phenol/chloroform. The procedure used
to amplify genomic DNA was conducted using Expand High
Fidelity PCR System (Boehringer Mannheim), basically ac-
cording to the manufacture’s protocol. PCR conditions were
45 amplification cycles of 30 s at 947C, 1 min at 607C, and

FIG. 1. Radiation hybrid map and genetic map around the2 min at 727C, with a final extension of 10 min at 727C ADAM10 locus. Numbers to the left of the radiation hybrid map and
(MiniCycler, MJ Research). The amplified PCR products genetic map indicate distances from the top of human chromosome
were analyzed on 1.2% agarose (Gibco BRL)/ethidium bro- 15 (cR3000 and cM, respectively). In addition, the idiogram of chromo-
mide gel electrophoresis. some 15q is indicated at the left.

PCR amplication of the ADAM10 gene resulted in an
Ç300-bp product in the human, but not in the Chinese ham-

TNFa is implicated in the pathologies of inflammatory andster. The human PCR product was sequenced to confirm
autoimmune diseases because it plays an important role inits identity as the target fragment. It was subcloned into
the pathogenesis and progression of a chronic inflammatorypT7Blue(R)T vector (Novagen) by TA-cloning, purified with
disease, multiple sclerosis (MS) (2). MS has shown evidenceQIAquick spin columns (Qiagen), and used as template for
of linkage to chromosomes 2, 3, 5, 6, 11, 17, and X in additionsequencing with the T7 or U19 primer, fluorescent termina-
to the major histocompatibility complex on chromosome 6ptors, and ABI Prism 377 DNA sequencer (Applied Biosys-
(5, 9, 10). We believe that the ADAM10 gene should be stud-tems). The sequence result of the product matched the pub-
ied more carefully in the MS pedigree because it containslished data completely.
a protein domain homologous to TNFa-converting enzymeA GeneBridge 4 radiation hybrid panel was obtained from
(TACE) (1, 8). TACE is a new member of the ADAM family,Research Genetics, including a human cell clone and a ham- which processes TNFa precursor, and may also be relatedster recipient cell clone and 93 radiation hybrid clones. The to MS or rheumatoid arthritis. At the same time, the otherpanel samples were subjected to PCR, the conditions of which ADAM10 domains may implicate this gene’s role in otherwere the same as described above. Produced fragments were genetic diseases.

separated on 1.2% agarose/ethidium bromide gel and typed.
The typing data vector was 10010 11001 10001 10100 00000

ACKNOWLEDGMENT10000 11000 11010 11110 11010 10010 00100 00101 12000
10100 00000 01101 11010 111. The results were sent through

We thank Dr. J. White, HUGO/GDB Nomenclature Committee,the World Wide Web at http://www-genome.wi.mit.edu/cgi-
University College of London, for advice on naming the gene symbol.

bin/contig/rhmapper.pl, and the computed results were re-
turned to us.
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FIG. 1. Regional mapping of the ENT1 gene by fluorescence in situ hybridization to 6p21.1–p21.2 in normal human lymphocyte
chromosomes counterstained with propidium iodide and DAPI. Avidin–fluorescein isothiocyanate (FITC) was used to detect the biotinylated
probe. A thermoelectrically cooled charge-coupled camera (Photometrics, Tucson, AZ) was used to capture images of metaphase preparations,
and separate images of DAPI-banded chromosomes (4) and of FITC-targeted chromosomes were obtained. These hybridization signals were
acquired, merged using image analysis software, and then pseudocolored blue (DAPI) and yellow (FITC) as previously described (1). These
images were then overlaid electronically. The gene was localized to chromosome 6 as shown.
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Insulin-like growth factors (IGFs) stimulate the prolifera-
tion and differentiation of a vast number of cell types. The
actions of the growth factors are mediated and controlled
by a complex system of components, including at least two
different forms of IGF, two IGF receptors, seven different
IGF-binding proteins (IGFBPs), and several proteases that
cleave the IGFBPs (6, 8). Although heavily investigated, the
whole system is far from being understood in detail due to
its high complexity and to the still growing number of its
individual components.

We have recently cloned the cDNA for a human protein
termed L56 that seems to be part of the IGF signaling system
(11). The novel protein shares a surprisingly high sequence
similarity (58%) with the Htra family of serine proteases from
bacteria (7). It is synthesized in a precursor form with a
typical signal peptide, suggesting that it functions as a pro-

FIG. 1. Mapping of cDNA clone L56 to human chromosome 10.teolytic enzyme after secretion. In contrast to the related
An example of the FISH signal is presented (left). The gene wasbacterial proteases, the human protein contains an addi-
assigned to region 10q25.3–q26.1 by superimposing the FISH signaltional domain at its N-terminus that shows a striking se- and the DAPI banding pattern (right).

quence similarity to the IGF-binding domain conserved in all
members of the IGFBP family. Furthermore, it corresponds
in size (50 kDa) to a partially characterized protein from slides. The L56 cDNA (1934 bp) was labeled with biotinylated
smooth muscle cells that has been demonstrated to cleave dATP and hybridized overnight at 377C to the denatured chro-
IGFBP-4 (9). We therefore speculated that the novel protein matin in a buffer containing 50% formamide. After being
may represent one of the proteases specific for IGFBPs (11). washed, the slides were stained with fluorescein isothiocyanate-

Initially we had isolated the cDNA clone for the L56 protease conjugated avidin and counterstained with 4,6-diamidino-2-
from a subtracted cDNA library that had been constructed dur- phenylindole (DAPI). The FISH signal and the DAPI banding
ing a systematic search for proteins whose synthesis was down- pattern were separately recorded.
regulated after oncogenic transformation (10). Clone L56 was Our probe hybridized specifically to the long arm of chromo-
expressed in most human tissues, but its synthesis was com- some 10 (Fig. 1). Seventy-one percent of all the metaphase
pletely inhibited in SV40-transformed fibroblasts as well as in spreads examined (n Å 100) showed a positive signal on one
several spontaneous tumor cell lines. This inhibition is intrigu- pair of chromosomes. The exact position, as determined by
ing since it may cause a general disturbance in the IGF signal- superimposing the FISH signal and the DAPI banding pat-
ing system. A disturbance that ultimately leads to abnormal tern, was region 10q25.3–q26.2. No additional locus was ob-
activation of the IGF receptor seems to be a prerequisite for served.
the growth of most transformed cells (3). The gene for the L56 protease is thus situated at a single

The chromosomal localizations of the genes for the individual locus on human chromosome 10. No other gene for a component
components of the IGF signaling system are known in detail of the IGF system has so far been identified on this chromosome.
(6, 8). We therefore determined the localization of the gene for However, it may be of interest to note that the gene for the
the novel protease (PRSS11) using the technique of fluorescence insulin-degrading enzyme is located on chromosome 10 in re-
in situ hybridization (FISH). FISH mapping was performed as gion 10q23–q25. Similar to the L56 protease, which is related to
described by Heng et al. (4, 5). Human blood lymphocytes were the HtrA protease from bacteria, the insulin-degrading enzyme
synchronized with BrdU. Metaphase spreads of chromosomes shows some sequence similarity to protease III from Escherichia
were prepared by conventional methods and fixed on glass coli (1, 2). The two bacterial proteases, however, are not related

to each other. It is therefore possible that this region of human
chromosome 10 harbors a number of conserved enzymes that1 To whom correspondence should be addressed. Telephone: /41

31 632 8725. Fax: /41 31 632 4999. may have evolved from bacterial genes.
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nated heat shock proteins (Hsps). Widely conserved in allREFERENCES
organisms, Hsps are subdivided into four groups based upon

1. Affholter, J. A., Fried, V. A., and Roth, R. A. (1988). Human their approximate molecular weights: Hsp100, Hsp90,
insulin-degrading enzyme shares structural and functional ho- Hsp70, and the Hsp20s (see 13 for a detailed review). While
mologies with E. coli protease III. Science 242: 1415–1418. Hsps were originally identified due to their induction follow-

2. Authier, F., Posner, B. I., and Bergeron, J. J. (1996). Insulin- ing heat, most members are also constitutively expressed and
degrading enzyme. Clin. Invest. Med. 19: 149–160. play important roles in normal cell processes. In mice the

3. Baserga, R. (1995). The insulin-like growth factor I receptor: A Hsp20 group consists of single copies of three genes: Hsp25,key to tumor growth. Cancer Res. 55: 249–252.
aA crystallin, and aB crystallin. Overexpression of Hsp25

4. Heng, H. H. Q., Squire, J., and Tsui, L.-C. (1992). High-resolu-
can protect cells from hyperthermia (11), chemotherapeutiction mapping of mammalian genes by in situ hybridization to
drugs (6), and oxidative stress (11). The structure, expres-free chromatin. Proc. Natl. Acad. Sci. USA 89: 9509–9513.
sion, and functions of the Hsp100 genes is less well defined.5. Heng, H. H. Q., and Tsui, L.-C. (1993). Modes of DAPI banding
At present only two members in mammals are known:and simultaneous in situ hybridization. Chromosoma 102: 325–
Hsp105(14) and Hsp70RY(2). Hsp70RY was originally named332.
due to a limited homology with the ATP binding domain pres-6. Jones, J. I., and Clemmons, D. R. (1995). Insulin-like growth
ent in all Hsp70 family members; however, it has little addi-factors and their binding proteins: Biological actions. Endocr.

Rev. 16: 3–34. tional homology beyond that region and is more closely re-
7. Lipinska, B., Sharma, S., and Georgopoulos, C. (1988). Se- lated overall to the Hsp100 family.

quence analysis and regulation of the htrA gene of Escherichia Genomic clones encoding the Hsp25 and Hsp105 genes
coli: A s32-independent mechanism of heat-inducible transcrip- were isolated by PCR screening of a 129/SvJ mouse P1 library
tion. Nucleic Acids Res. 16: 10053–10067. (Genome Systems, St. Louis, MO). The Hsp25 P1 gene clone

8. Oh, Y., Nagalla, S. R., Yamanaka, Y., Kim, H.-S., Wilson, E., was obtained by PCR screening using oligonucleotide primersand Rosenfeld, R. G. (1996). Synthesis and characterization of
based upon the published sequences at the 3 * end of theinsulin-like growth factor binding protein (IGFBP)-7. J. Biol.
first exon and the 3 * end of the first intron (3). This primerChem. 271: 30322–30325.
arrangement ensured that only the functional and not the9. Parker, A., Gockerman, A., Busby, W. H., and Clemmons, D. R.
pseudogene copy would be isolated. From the resulting P1(1995). Properties of an insulin-like growth factor-binding pro-
clone, a 7.0-kb Nhe1 subfragment was obtained that con-tein-4 protease that is secreted by smooth muscle cells. Endocri-

nology 136: 2470–2476. tained the Hsp25 gene based upon extensive restriction map-
10. Schenker, T., Lach, C., Kessler, B., Calderara, S., and Trueb, ping and DNA sequence analysis (data not shown). Southern

B. (1994). A novel GTP-binding protein which is selectively re- blot analysis was carried out with a 1.2-kb genomic BamHI/
pressed in SV40 transformed fibroblasts. J. Biol. Chem. 269: SmaI DNA fragment isolated from the Nhe1 subclone that
25447–25453. spanned the first exon and ended in the second intron of the

11. Zumbrunn, J., and Trueb, B. (1996). Primary structure of a Hsp25 gene. This probe hybridized strongly to a single band
putative serine protease specific for IGF-binding proteins. in BglII restricted mouse genomic DNA of the same size asFEBS Lett. 398: 187–192.

the corresponding fragment in the Hsp25 P1 clone and very
weakly to a second fragment. As the mouse genome is re-
ported to contain only a single functional gene and one pseu-
dogene (3), this latter fragment should represent the pseu-
dogene and was not characterized further. The Hsp105 probeAssignment of the Mouse Hsp25 and
was a 1.0-kb HindIII gene fragment that by DNA sequenceHsp105 Genes to the Distal Region of analysis began in the last exon of the gene and ended 400 bp
beyond the polyadenylation signal. The original clone con-Chromosome 5 by Linkage Analysis
taining the Hsp105 gene was also isolated by PCR screening

Clayton R. Hunt,*,1 Prabhat C. Goswami,* of the same P1 library utilizing oligonucleotide primers based
and Christine A. Kozak† upon the published 3 * sequence of an Hsp105 cDNA clone

(14). This probe detected a single band in genomic Southern
*Department of Radiation Oncology, Washington University School of

blots.Medicine, St. Louis, Missouri 63108; and †Laboratory of Molecular
The chromosomal locations of the Hsp25 and Hsp105 genesMicrobiology, National Institute of Allergy and Infectious Diseases,

Bethesda, Maryland 20892 were determined by analysis of two sets of multilocus crosses:
(NFS/N or C58/J 1Mus musculus musculus) 1M. m. muscu-Received May 13, 1997; Accepted August 14, 1997
lus (10) and (NFS/N 1 Mus spretus) 1 M. spretus or C58/J
(1). DNAs from the progeny of these crosses have been typed
for over 1000 markers distributed over the mouse genome

In response to elevated temperatures, most cells substan- including the chromosome (Chr) 5 markers Gus (glucuroni-
tially increase the synthesis of a specific set of proteins desig- dase, beta), Zp3 (zona pellucida 3), and Atrc1 (amino acid

transporter cationic 1). These markers were typed as pre-1 To whom correspondence should be addressed at Washington
viously described (5, 7). Linkage was determined using theUniversity School of Medicine, 4511 Forest Park Boulevard, St.
program LOCUS designed by C. E. Buckler (NIAID,Louis, MO 63108. Telephone: (314) 362-9776. Fax: (314) 362-9790.

E-mail: hunt@radonc.wustl.edu. Bethesda). Percentage recombination and standard errors
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7 (12, 13), which is consistent with our location of the mouse
Hsp25 gene. The remaining members of the mouse Hsp25
gene family, aA-crystallin (Crya1) and aB-crystallin
(Crya2), are single-copy genes located on Chromosomes 17
and 9 (7, 9), respectively, indicating that there is no cluster-
ing of the Hsp25 gene family members at a single location.
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