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Summary

Chromogranin A/secretory protein I (CgA) is a glycoprotein that is stored and released along with peptide
hormones and neurotransmitters from several tissues, although its exact function is not known. A cDNA
(gene symbol CHGA) clone was used as a probe in Southern blot analyses of human-rodent somatic cell
hybrid DNAs. Discordancy analysis allowed confirmation of the assignment of the gene to chromosome
14. These results were extended using in situ chromosome hybridization, and a signal was found at
14q32. BgflI digestion of genomic DNA from 28 unrelated Caucasian individuals probed with CHGA de-
tected a two-allele RFLP with allelic frequencies of .34 and .66.

Introduction

Chromogranin A (CgA) is a highly acidic glycoprotein
that was originally isolated as the principle component
of the adrenal medulla chromaffin granules (Blashko
et al. 1967; Sage et al. 1967). This protein is stored
and released along with peptide hormones and neu-
rotransmitters in tissues of endocrine and neuroendo-
crine origin (Winkler 1976), although its exact func-
tion remains unclear. This protein was originally
thought to be unique to the adrenal gland; however,
parathyroid gland secretory protein-I (SP-I) has been
shown to be biochemically similar to CgA (Cohn et
al. 1982; Iacangelo et al. 1986).

Earlier studies based on cell-free translation of SP-I
mRNA have suggested that several different proteins
are apparent and that they must be encoded by more
than one gene (Majzoub et al. 1979; Serck-Hanssen
and O'Connor 1984). However, more recent blot and
S1 nuclease analyses ofRNA from normal bovine pitu-
itary, adrenal, and parathyroid tissues and from nor-
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mal and malignant human tissues suggest that a single
gene encodes the CgA/SP-I protein and that the pro-
tein is present in different tissues of the diffuse neuroen-
docrine system (Ahn et al. 1987; Helman et al. 1988).
Murray et al. (1987) previously localized this gene

to chromosome 14 by using flow-sorted chromosome
libraries. In the present study the chromosome map po-
sition of the chromogranin A gene (gene symbol CHGA)
was confirmed using Southern blotting analyses of so-
matic cell hybrids and in situ chromosome hybridiza-
tion. Further, in order to develop this gene as a marker
for inherited disorders, it was used to identify an RFLP
by screening genomicDNA from unrelated individuals
by using Southern blot analysis.

Material and Methods

Hybrid cell lines were obtained by PEG-mediated fu-
sion of fresh human lymphocytes and mutant (HPRT- )
rodent cells (mouse RAG or Chinese hamster E36) and
were propagated in HAT medium. Karyotypic and al-
lozymic characterization of each cell line were carried
out on the same passage from which high-molecular-
weight genomicDNA was extracted. The entire hybrid
panel contains 44 cell lines (O'Brien et al. 1983).
Genomic DNA was isolated from parental and all hy-
brid cell lines and used in Southern blotting analyses.
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The procedures used in DNA transfer, hybridization,
and washing have been described elsewhere (Modi et
al. 1988). The probe used in both Southern blotting
and in situ hybridization analyses was a construct called
pHCGA and contains a 1.8-kb CHGA insert that was
isolated from a human pheochromocytoma cDNA li-
brary (Helman et al. 1988).

Hybridization of the tritiated probe to metaphase
chromosomes derived from peripheral lymphocytes was
done following the method of Modi et al. (1987) with
the following modifications: Prior to denaturation the
slides were treated with 0.5% acetic anhydride in 0.1 M
triethanolamine buffer (pH 8.0) at room temperature
for 10 min (Hayashi et al. 1978). Probe concentrations
in the hybridization solution ranged from 0.10 to 0.30
gg/ml.
To identify RFLPs, DNA from eight unrelated Cau-

casians was digested with 10 restriction enzymes (Avail,
BamHI, BglII, EcoRI, HindIII, MspI, PstI, PvuII, RsaI,
and TaqI) and was analyzed by Southern blotting. DNA
was blotted and hybridized, by a method described else-
where (Dean et al. 1987), to the CHGA probe. Poten-
tial RFLPs were typed in an additional 20 unrelated
Caucasians, including individuals from a 3-generation
pedigree (K-1333) obtained from the Camden Cell
Repository, and in seven unrelated blacks.

Results and Discussion

The Southern blot analyses of human-rodent somatic
cell hybrid DNAs indicates that BglII digestion yields
a constant human fragment of 6.0 kb and two allelic
fragments of 24.0 and 8.0 kb (fig. 1A). A discordancy
analysis of the entire panel of 44 hybrid cell lines indi-
cates that the lowest discordancy values are obtained
with respect to chromosome 14 (two discordant hybrids
out of 42, or 4.8% discordancy) and with respect to
its associated isozyme-marker nucleoside phosphory-
lase, NP (three discordant hybrids out of 44, or 6.8%
discordancy). The additional discordancy with respect
to nucleoside phosphorylase is presumably due to a
translocation. All other chromosomes and isozyme
markers have substantially higher discordancies (22%-
55%) (fig. 1B).

Hybridization of the radiolabeled CHGA cDNA
clone to metaphase chromosome preparations yielded
the following results: In an examination of 120 cells,
40 (9.8%) of 410 autoradiographic silver grains were
found in the region 14q32.2-q32.3 (fig. 2). This peak
was significantly above background levels, confirms the
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Figure I A, Southern blot analysis of BgIlI-digested somatic
cell hybrid and parental DNAs after probing with the CHGA-cDNA
clone. Lanes 1-4, human-hamster hybrid DNAs; lane 5, hamster
(H84) DNA; lane 6, human (Q220) DNA. Diagnostic human frag-
ments of 6, 8, and 24 kb can be seen in one hybrid DNA (lane 2),
and fragments of 6 and 8 kb can be seen in the human control (lane
6). A 14-kb hamster band was present in all hybrids. B, Chromo-
some discordancy profile (isozyme markers not included, except for
chromosome 14) resulting from the Southern blot analysis of the
human-rodent somatic cell hybrid DNAs when probed with theCHGA
cDNA clone. Chromosome 14 and its isozyme marker NP (nucleo-
side phosphorylase) are shown to have the lowest discordancy values-
4.8% and 6.8%, respectively.
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Figure 2 Results of the in situ hybridization analysis. A, G-banded metaphase chromosomes with an autoradiographic silver grain
on the long arm of chromosome 14 (arrow). B, Idiogram of chromosome 14, illustrating the distribution of 60 autoradiographic silver grains.
C, Frequency histogram displaying the distribution of 410 silver grains over the entire karyotype recorded from 120 metaphase cells.

results of the somatic cell hybrid analyses, and permits
assignment of CHGA to 14q32.

In a set of Southern blots containing DNA from eight
Caucasian individuals that was digested with 10 restric-
tion enzymes, nine of the 10 enzymes did not identify
an RFLP; however, Bg1II detects both a two-allele RFLP

having alleles of 24.0 and 8.0 kb and a constant band
of 6 kb (fig. 3). This polymorphism was found to seg-
regate in the 3-generation pedigree K-1333 shown in
figure 3. In a total of 56 chromosomes from unrelated
Caucasian individuals, the two alleles have frequencies
of .34 (24.0 kb) and .66 (8.0 kb) and the RFLP was
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Figure 3 Segregation of BgIII RFLP detected by CHGA. A,
Pedigree for kindred K-1333, showing the genotypes of the CHGA
RFLP under the symbol for each individual. B, Southern blot of the
individuals of K-1333, in the same order as shown in panel A.

heterozygous in nine (32%) of the 28 individuals tested.
Further, in a total of 14 chromosomes from unrelated
blacks, the two alleles have frequencies of .21 and .79,
respectively, with three (43%) of the seven individuals
heterozygous.
Murray et al. (1987) assigned the CHGA gene to chro-

mosome 14 by hybridizing a CHGA cDNA probe to
flow-sorted chromosome-specific libraries. Our results,
in studies using both cell hybrids and in situ hybridiza-
tion, confirm and extend their findings by regionally
localizing this gene to 14q32. Other genes that reside
in this general chromosomal region include the immu-
noglobulin heavy-chain cluster, the alpha-o-antichymo-
trypsin, the brain form of creatine kinase, the beta-
spectrin, and the AKT-1 cellular protooncogene (Ropers
et al. 1987). The genes encoding two peptides associated
with CgA, i.e., calcitonin and parathyroid hormone,
are both found on the short arm of chromosome 11
(Naylor et al. 1984; Przepiorka et al. 1984).
With the recent ability of recombinant DNA tech-

nology to identify extensive polymorphisms in the hu-
man genome, it has become possible, by using a link-
age approach, to isolate and characterize individual
genes that in a mutated form are responsible for vari-
ous inherited disorders (Botstein et al. 1980). The

CHGA clone was found to detect an RFLP on Bg1II
digestion. The location of the CHGA gene on chromo-
some 14 at band q32 makes this RFLP potentially use-
ful for linkage mapping of other gene loci on chromo-
some 14. Skolnick and White (1982) have concluded
that for a RFLP to be generally useful as a genetic marker
the probability that an offspring is informative (i.e., the
PIC value) must be at least .15. The Bg1II RFLP at
CHGA satisfies this criterion; the allelic frequency of
the 20-kb fragment is .34, corresponding to a PIC value
of .35. The probability of missing the polymorphism
in a nine-member screening panel is <.02, making this
a very useful RFLP.

Acknowledgments
We thank David Pollock, Mark Ramsburg, Mary Eichel-

berger, Jan Martenson, and Stan Cevario for excellent tech-
nical assistance. These studies have been funded in part by
NIH grant Dk-38990 to M.A.L. This project has also been
funded with federal funds from the department of Health
and Human Services under contract number NO1-CO-74102
with Program Resources, Inc. The content of this publica-
tion does not necessarily reflect the views or policies of the
Department of Health and Human Services, nor does men-
tion of trade names, commercial products, or organizations
imply endorsement by the United States government.

References
Ahn TG, Cohn DV, Gorr SU, Ornstein DL, Koshdan MA,

Levine MA (1987) Primary structure of bovine pituitary
secretory protein I (chromogranin A) deduced from the
cDNA sequence. Proc Natl Acad Sci USA 84:5043-5047

Blashko H, Comline RS, Schneider FH, Silver M, Smith AD
(1967) Secretion of a chromaffin granule protein, chro-
mogranin, from the adrenal gland after splanchic stimula-
tion. Nature 215:58-59

Botstein D, White RL, Skolnick M, Davis R (1980) Construc-
tion of a genetic linkage map in man using restriction frag-
ment length polymorphisms. AmJHum Genet 32:314-331

Cohn DV, Zangerle R, Fischer-Colbrie R, Chu LLH, Elting
JJ, Hamilton JW, Winkler H (1982) Similarity of secretory
protein I from parathyroid gland to chromogranin A from
adrenal medulla. Proc Natl Acad Sci USA 79:6056-6059

Dean M, et al. (1987) Three additional DNA polymorphisms
in the met gene and F7S8 locus: use in prenatal diagnosis
of cystic fibrosis. J Pediatr 111:490-495

Hayashi S, Gillam IC, Delaney AD, Tener GM (1978) Acety-
lation ofchromosome squashes of Drosophila melanogas-
ter decreases the background in autoradiographs from
hybridization with [1251]-labeled RNA. J Histochem Cy-
tochem 26:677-679

Helman LJ, et al (1988) Molecular cloning and primary struc-



818 Modi et al.

ture of human chromogranin A (secretory protein 1) cDNA.
J Biol Chem 263:11559-11563

lacangelo A, Affolter HU, Eiden LE, Herbert E, Grimes M
(1986) Bovine chromogranin A sequence and distribution
of its messenger RNA in endocrine tissues. Nature 323:
82-86

Majzoub JA, Dee PC, Habner JF (1979) Cellular and cell-
free processing of parathyroid secretory proteins. J Biol
Chem 257:3581-3588

Modi WS, Masuda A, Yamada M, OppenheimJJ, Matsushima
K, O'Brien SJ (1988) Chromosomal localization of the hu-
man interleukin 1 alpha (IL-la) gene. Genomics 2:310-314

Modi WS, Nash WG, Ferrari AC, O'Brien SJ (1987) Cyto-
genetic methodologies for gene mapping and comparative
analyses in mammalian cell culture systems. Gene Anal Tech
4:75-85

Murray SS, Deaven LL, Burton DW, O'Connor DT, Mellon
PL, Deftos LJ (1987) The gene for chromogranin A (CgA)
is located on chromosome 14. Biochem Biophys Res Com-
mun 142:141-146

Naylor SL, Sakaguchi AY, Szoka P, Hendy GN, Kronenberg
HM, Rich A, Shoros TB (1984) Parathyroid hormone gene
is on the short arm of chromosome 11. Seventh Interna-
tional Workshop on Human Gene Mapping. Cytogenet
Cell Genet 37:531

O'Brien SJ, Nash WG, Goodwin JL, Lowy DR, Chang EH
(1983) Dispersion of the ras family of transforming genes

to four different chromosomes in man. Nature 302:839-842
Przepiorka D, Baylin SB, McBride OW, Testa JR, Bustros AD,

Nelkin BD (1984) The human calcitonin gene is located
on the short arm of chromosome 11. Biochem Biophys Res
Commun 120:493-499

Ropers HH, Gedde-Dahl T Jr, Cox TW (1987) Report of
the Committee on the Genetic Constitution of Chromo-
somes 13, 14, 15, and 16. Ninth International Workshop
on Human Gene Mapping. Cytogenet Cell Genet 46:
213-242

Sage HJ, Smith W, Kirschner N (1967) Mechanism of secre-
tion from the adrenal medulla. I. A microquantitative im-
munologic assay for bovine adrenal catecholamine storage
vesicle protein and its application to studies of the secretor
process. Mol Pharmacol 3:81-89

Serck-Hanssen G, O'Connor DT (1984) Immunological identi-
fication and characterization of chromogranins coded by
poly (A) mRNA from bovine adrenal medulla and pitu-
itary gland and human phaeochromocytoma. J Biol Chem
259:11597-11600

Skolnick MH, White R (1982) Strategies for detecting RFLPs
and characterizing restriction fragment length polymor-
phisms. Cytogenet Cell Genet 32:58-67

Winkler H (1976) The composition of adrenal chromaffin
granules: an assessment of controversial results. Neurosci-
ence 1:65-80


