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Localization of a p-crystallin gene, HupA3/A1
(gene symbol: CRYBI ), to the long arm of human chromosome 17
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Abstract. We have assigned a human B-crystallin gene, HuBA3/A1 (gene symbol: CRYBI ), to chromosome
17 using a panel of 19 human-hamster somatic cell hybrids and blot-hybridization analysis of cell hybrid DNA.
Positive probe-hybridization signal was detected in a hybrid that had lost the short arm of human chromosome
17 but retained the long arm, translogated to a hamster chromosome. In addition, in situ hybridization analysis
of metaphase chromosome spreads of this cell line suggested that the most probable location for CRYBI is
on the long arm of chromosome 17, in the region g21.

Crystallins are the major water-soluble proteins of
the vertebrate eye lens. They are highly conserved in
evolution and are differentially regulated during lens
development (Clayton, 1974; Harding and Dilley,
1976; Piatigorsky, 1981). Recent studies at the mole-
cular level have provided considerable insight into the
understanding of the diversity, evolution, and ex-
pression of the genes encoding these lens-specific poly-
peptides (Piatigorsky, 1981, 1984). In mammals, crys-
tallins can be divided into three antigenically distinct
families, a, B, and vy, each of which comprises several
closely related polypeptides. The B-crystallin family
consists of at least six different members and is the
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most heterogeneous group of the three families. To
provide a genetic basis for investigating the possible
relationships between B-crystallins and hereditary cat-
aracts, we have isolated and characterized one of the
human B-crystallin genes (Hogg et al., 1986). This
gene, designated HuPpA3/Al (gene symbol: CRYBI),
consists of six exons, spanning approximately 8 kb

(see Fig. 1). The first two exons code for an N-terminal {

extension of 32 amino acid residues, while the other
four encode the four similar structural motifs of the
predicted polypeptide. Transcription of HupA3/Al s
the eye lens initiates 24 bp downstream of a TATA
box, generating a single mRNA of approximately 1 kb
in length. In this report, we present data showing that
HuPA3/Al is located on the long arm of chromosom:
17, in the region q21.

Materials and methods

Somatic cell hybrids

The 19 human-hamster hybrids used in this study were derivi
from multiple fusion experiments between various Chinese hamst:
auxotrophic mutant (CHO-K1) cells and different human fibr
blasts or lymphoblasts. A detailed description of the human chrx
mosome content in these hybrids has been published previousy
(Kao et al., 1976; Law and Kao, 1978; Lai et al., 1983; Moored
al., 1984; Inui et al., 1985). The presence or absence of huma

chromosome 17 in these hybrids was determined by cytogeneif
1977, Morse et al., 1982), isozyme marka}

methods (Alhadeff et al.,
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glactokinase (GALK) assay (Harris and Hopkinson, 1976), and
molecular hybridization analysis (Southern, 1975) using a thy-
midine kinase (TK) gene probe (Lau and Kan, 1984) generously
provided by Dr. Yun-Fai Lau.

DNA hybridization analysis
Total cellular DNAs were prepared from cultured human,
CHO, and hybrid cell lines as described elsewhere (Gusella et al.,
. 1979; Kao et al., 1982). Restriction endonuclease digestions were
arried out according to conditions specified by the enzyme supplier
" (Boehringer Mannheim). Digested DNA samples were size-frac-
. tonated on 0.8% agarose gels, blotted to nitrocellulose filters
{Schleicher & Schuell), and baked in vacuo (Southern, 1975).
Two probes derived from the human B-crystallin gene (HupA3/
Al) were used for blot-hybridization analysis. The first probe
(probe A) was a 1.4-kb fragment spanning the third exon and its
flanking sequences (Fig. 1). The second probe (probe B) was a
1.5-kb fragment corresponding to the 3’ flanking region of the gene
+ (Fig. 1). These fragments were subcloned from the original recom-
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Fig. 1. Structure of HuBA3/Al gene (CRYBI’ showing probe-
hybridizing regions. Exons, shaded boxes, are numbered 1 through
" 6.Probe A is a 1.4-kb Xbal-EcoRI fragment derived from recom-
, binant phage A8A and subcloned in a pSV2gpt-based vector. Probe
Bis a 2.5-kb EcoRI fragment derived from phase A14A and sub-
doned in pUCY. The EcoRI site of the 1.4-kb fragment and the
distal one of the 2.5-kb fragment were introduced during phage
coning (Lawn et al., 1978). R: EcoRI; X: Xbal; B: BamHl; H:
HindI1I; S: Sstl.
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binant phage clones, A8A and A14A, as described previously (Hogg
et al., 1986). The probes used for hybridization experiments were
labeled to a specific activity of approximately 2 x 10% cpm/ug DNA
with [a**P]-dCTP (New England Nuclear), using a nick-translation
kit (Bethesda Research Lab.). Nitrocellulose filter prehybridization
and hybridization were performed according to published
procedures (Wahl et al., 1979).

In situ hybridization

Hybridization of HuBA3/A1 sequences to metaphase chro-
mosomes was performed using the technique of Harper and Saun-
ders (1981), with modifications (Zabel et al., 1983; Funderburk et
al., 1984).

Results

Our previous studies demonstrated that HupA3/
Al (CRYBI) contains six exons spanning over 8 kb
(Hogg et al., 1986). Since the introns and the flanking
sequences of this gene contain numerous repetitive
DNA sequences, two gene-specific probes (probes A
and B) were derived for the present study (Fig. 1).
Probe A detected a 2.8-kb B-crystallin-specific frag-
ment in HindIlI-digested total human DNA (Fig. 2,
lane 1), whereas probe B hybridized to two HindIII
fragments, a strong 2.3-kb band and a weak 4.0-kb
band (Fig. 2, lane 13). The presence of other hybridiz-
ing bands in these lanes was due to contamination of
plasmid DNA in the sample.

When probes A and B were hybridized to a panel
of Hindlll-digested DNA samples from human-
hamster somatic cell hybrids, the CRYBI1 sequences

131 1516 17 18 19 20 21 22 23 24
Probe B

Fig. 2. Blot-hybridization analysis of human-hamster cell hybrid DNAs with HuPfA3/A1 gene probes. Total DNAs from the indicated

cell lines were digested with HindIll, electrophoresed on a 0.8% agarose gel, blotted to nitrocellulose filters, and hybridized with either
probe A or probe B as shown. HupA3/Al-specific bands and cross-hybridizing hamster bands are indicated by solid and open triangles,
respectively. Some DNA samples were contaminated with low levels of plasmid DNA (lanes 1, 6, 13, and 18).
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were clearly distinquishable from the weak hamster
bands (Fig. 2, lanes 2, 4-6, 8,9, 14, 16-18, 20, and 21).
Moreover, as expected, all cell lines hybridized to
either both probes or neither of them. Synteny analy-
sis of the presence and absence of the CRYBI
sequence in 19 human-hamster somatic cell hybrids
revealed complete concordance between CRYBI and
human chromosome 17 (Table I).

Information on the regional localization of CRYBI
on chromosome 17 was derived from hybrid CP23.
Cytogenetic analyses of this cell line, using both tryp-
sin banding and differential staining techniques,
showed that it had lost the short arm of human chro-
mosome 17 and that the long arm of this chromosome
had been translocated to a hamster chromosome
(Fig. 3). Since CP23 showed positive hybridizing
bands with both CRYBI1 probes (Fig. 2, lanes 9 and

21), we assigned CRYBI to the long arm of chro-
mosome 17.

Regional localization of CRY B! was also perform-
ed by in situ hybridization analysis using *H-labeled
probe A on metaphase chromosomes of a subclone of
CP23 containing the translocated long arm of human
chromosome 17 as the only apparent human chromo-
somal material. A total of 384 spreads were examined,
and 624 grains were counted. Although most grains
were randomly distributed, 20 were found on the
translocated long arm of human chromosome 17. As
the majority of grains were detected in the region g21
(Fig. 4), it is reasonable to conclude that this is the
location for CRYBI. A similar conclusion could also
be derived from the result of in situ hybridization
analysis with metaphase chromosomes of human Iym-
phocytes (data not shown).

Table I. Human chromosomes present in a panel of 19 human/CHO-K1 hybrids were identified by trypsin-banding and Giemsa-11
differential staining and by isozyme analysis. GALK activity was detected by isozyme electrophoresis, whereas TK and CRYB1 were scored
by blot-hybridization analysis using the respective gene probes. The concordant hybrids showed cosegregation of the human chromosome
and CRYBI. Concordant frequency refers to the number of concordant hybrids/total number of hybrids analyzed
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2 Only the long arm of chromosome 17 is present.
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Discussion

- The localization of HuBA3/Al (CRYBI) to the
" long arm of human chromosome 17 provides further
: insight into the evolution of the B- and y-crystallin
gene families. Because these two classes of polypep-
tides show significant identity at the amino acid
sequence level, it has been proposed that they con-
- stitute members of a By superfamily (Piatigorsky,
1984). However, recent structural analyses of the

Fig. 3. Cytogenetic analysis of human/CHO-K1 hybrid CP23.
The same slide was sequentially stained with trypsin (upper panel)
followed by Giemsa-11 (lower panel). This Giemsa-trypsin banded
metaphase shows the presence of two human chromosomes, 14 and
I7q; the latter has been translocated to a Chinese hamster chro-
mosome. An enlargement of this chromosome is shown in the upper
lft-hand corner. The lower panel corresponds to the boxed area
shown in the upper panel. Arrows indicate human chromosomal
material that was identified by sequential staining.

genes encoding these proteins suggest that the - and
v-crystallin genes diverged much earlier than in-
dividual members of the two families evolved (Moor-
mann et al., 1983; Schoenmakers ct al., 1984; Meakin
et al., 1985; Hogg et al., 1986). Consistent with this
hypothesis, the y-crystallin gene cluster (CRYG)
maps to the long arm of human chromosome 2 (Dun-
nen et al., 1985; Willard et al., 1985; Shiloh et al.,
1986), a location different from that of CRYBI.

Previous analysis of the different p-crystallins from
bovine lenses has revealed significant divergence
among this group of proteins (Berbers et al., 1984).
The distant homology among different f gene mem-
bers is also reflected by the weak cross-hybridization
between different B gene probes (Inana et al., 1982;
Hejtmancik et al., 1984; Schoenmakers et al., 1984)
although the genes appear to have a similar structure
(Schoenmakers et al., 1984; Hogg et al., 1986). More-
over, analysis of overlapping genomic clones failed to
show clustering of the  genes (Schoenmakers et al.,
1984). In contrast, all y-crystallin genes share a high
degree of sequence homology and are tandemly ar-
ranged in a head-to-tail conformation within the
genome (Moormann et al., 1984, 1985; Schoenmakers
et al., 1984; Meakin et al., 1985). Therefore, the tan-
dem duplication of the y genes probably occurred
more recently than the emergence of the different B
genes.

Because crystallins are generally believed to be the -
templates of lens transparency, these proteins have
been extensively analyzed for their possible role in
cataractogenesis (Harding and Dilley, 1976; Harding,
1981). Alterations in the structure of these proteins or
their relative levels have been frequently detected in
cataractous lenses, although, as yet, no direct correla-

Fig. 4. Distribution of silver grains indicating the regional lo-
calization of CRYBI on the long arm of human chromosome 17.
Scoring of grains was performed using a subclone of hybrid cell line
CP23 that contained the translocated long arm of chromosome 17
as the only detectable human chromosomal material.
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tion can be drawn between these changes and possible
mutations in any of the three crystallin gene families.
The chromosomal localization of various crystallin
genes thus provides a means for studying the heredi-
tary forms of cataracts in the human population
(McKusick, 1984). Thus far, crystallin genes have
been assigned to at least four different locations within
the human genome. The two a-crystallin genes, aA
and aB, map to human chromosome 21 and 16, re-
spectively (Quax-Jeuken et al., 1985), whereas the
y-crystallin gene cluster is located on the long arm of
chromosome 2 (Dunnen et al., 1985; Willard et al.,
1985; Shiloh et al., 1986). Here we have provided
evidence that one of the B-crystallin genes resides on
the long arm of chromosome 17. These data, in con-
junction with mapping studies on hereditary cataract
disorders, should therefore facilitate identification of
mutations associated with any of these genes. Further-
more, it is now possible to perform linkage analyses
on families with cataracts, using restriction fragment
length polymorphisms associated with each of these
gene loci.

References

Alhadeff B, Velivasakis M, Siniscalco M: Simultaneous identifica-
tion of chromatid replication and of human chromosomes in
metaphase of man-mouse somatic cell hybrids. Cytogenet Cell
Genet 19:236-239 (1977).

Berbers GAM, Hoekman WA, Bloemendal H, Jong WW de, Klein-
schmidt T, Braunitzer G: Homology between the primary struc-
tures of the major bovine B-crystallin chains. Eur J Biochem
139:467-479 (1984).

Clayton RM: Comparative aspects of lens proteins, in Davson H,
Graham LT (eds): The Eye, Vol 5, pp 399-494 (Academic Press,
New York 1974).

Dunnen JT den, Jongbloed RJE, Geurts van Kessel AHM, Schoen-
makers JGG: Human lens y-crystallin sequences are located in

“the p12—qter region of chromosome 2. Hum Genet 70:217-221
(1985).

Funderburk SJ, Sparkes RS, Klisak I, Law ML: Chromosome
deletion mapping of interspersed low-copy repetitive DNA. Am
J hum Genet 36:769-776 (1984).

Gusella JF, Varsanyi-Breiner A, Kao FT, Jones C, Puck TT, Keys
C, Orkins S, Housman D: Precise localization of human f-
globin gene complex on chromosome 11. Proc natn Acad Sci
USA 76:5239-5243 (1979).

Harding JJ: Changes in lens proteins in cataract, in Bloemendal H
(ed): Molecular and Cellular Biology of the Eye Lens, pp
327-366 (Wiley, New York 1981).

Harding JJ, Dilley KIJ: Structural proteins of the mammalian lens:
a review with emphasis on changes in development, aging and
cataract. Expl Eye Res 22:1-73 (1976).

Harper ME, Saunders GF: Localization of single copy DNA
sequences on G-banded human chromosomes by in situ hy-
bridization. Chromosoma 83:431-439 (1981).

Harris H, Hopkinson DA: Handbook of Enzyme Electrophoresis
in Human Genetics (North Holland, Amsterdam 1976).

Hejtmancik JF, Beebe DC, Ostrer H, Piatigorsky J: 8- and B-crys-

tallin mRNA levels in the embryonic and posthatched chicken
lenses: temporal and spatial changes during development. De-
velop Biol 109:72-81 (1984).

Hogg D, Tsui L-C, Gorin M, Breitman ML: Characterization of the
human B-crystallin gene HupA3/A1 reveals ancestral relation-
ships among the Py-crystallin superfamily. J biol Chem (1986, .

In press).
Inana G, -Shinohara T, Maizel JV, Piatigorsky J: Evolution and

diversity of the crystallins: nucleotide sequence of a B-crystallin

mRNA from the mouse lens. J biol Chem 257:9064-9071 (1982).

Inui K, Kao FT, Fujibayashi S, Jones C, Morse HG, Law ML,
Wenger DA: The gene coding for a sphingolipid activator pro-
tein, SAP-1, is on human chromosome 10. Hum Genet
69:197-200 (1985).

Kao F-T, Hartz JA, Law ML, Davidson JN: Isolation and chro-
mosome localization of unique DNA sequences from a human
genomic library. Proc natn Acad Sci USA 79:865-869 (1982).

Kao F-T, Jones C, Puck TT: Genetics of somatic mammalian cells:
genetic, immunologic, and biochemical analysis with Chinese
hamster cell hybrids containing selected human chromosomes.
Proc natn Acad Sci USA 73:193-197 (1976).

Kao F-T, Morse HG, Law ML, Kidsky A, Chandra T, Woo SLC:
Genetic mapping of the structural gene for antithrombin III to
human chromosome 1. Hum Genet 67:34-36 (1984).

Lai EC, Kao FT, Law ML, Woo SLC: Assignment of the us-
antitrypsin gene and a sequence-related gene to human chro-
mosome 14 by molecular hybridization. Am J hum Genet
35:385-392 (1983).

Lau YF, Kan YW: Direct isolation of the functional human thy-
midine kinase gene with a cosmid shuttle vector. Proc natn Acad
Sci USA 81:414-418 (1984).

Law ML, Kao FT: Induced segregation of humar syntenic genes

by 5-bromodeoxyuridine + near-visible light. Somat Cell Genet |

4:465-476 (1978).

Lawn-RM, Fritsch EF, Parker RC, Blake G, Maniatis T: The
isolation and characterization of a linked 8- and B-globin gene
from a cloned library of human DNA. Cell 15:1157-1174 (1978).

McKusick VA: Mendelian Inheritance in Man: Catalogs of Autoso-
mal Dominant, Autosomal Recessive, and X-linked Pheno-
types, 6th Ed (Johns Hopkins University Press, Baltimore/
London 1983).

Meaking SO, Breitman ML, Tsui L-C: Structural and evolutionary
relationships among five members of the human y-crystallin
gene family. Mol Cell Biol 5:1408-1414 (1983).

Moore MN, Kao FT, Tsao YK, Chan L (1984) Human apolipopro-
tein A-II: nucleotide sequence of a cloned cDNA, and localiza-
tion of its structural gene on human chromosome 1. Biochem
biophys Res Comm 123:1-7 (1984).

Moormann RIM, Dunnen JT den, Heuyerjans J, Jongbloed RJE,
Leen RW van, Lubsen NH, Schoenmakers JGG: Characteriza-
tion of the rat y-crystallin gene family and its expression in the
eye lens. J molec Biol 182:419-430 (1985).

Moormann RJM, Dunnen JT den, Mulleners L, Andreoli P, Bloe-
mendal H, Schoenmakers JGG: Strict co-linearity of genetic and




Mapping of a human B-crystallin gene to 17q

207

protein folding domains in an intragenically duplicated rat lens
y-crystallin gene. J molec Biol 171:353-368 (1983).

Moormann RIM, Joegbloed R, Schoenmakers JGG: Isolation and
characterization of - and y-crystallin genes from rat genomic
cosmid libraries. Gene 29:1-9 (1984).

Morse HG, Patterson D, Jones C: Giemsa-11 technique: applica-

tions in basic research, Mammal Chrom Newsl 23:127-133
(1982).

Piatigorsky J: Lens differentiation in vertebrates: a review of cellular
and molecular features. Differentiation 19:134-153 (1981).

« Piatigorsky J: Lens crystallins and their gene families. Cell

38:620-621 (1984).

g Quax-Jeuken Y, Quax W, Rens G van, Khan PM, Bloemendal H:

Complete structure of the oB-crystallin gene: conservation of
the exon-intron distribution in the two nonlinked a-crystallin
genes. Proc natn Acad Sci USA 82:5819-5823 (1985).

1 Schoenmakers JGG, Dunnen JT den, Moormann RIM, Jonbloed

R, Leen RW van, Lubsen NH: The crystallin gene families, in
Human Cataract Formation, Ciba Foundation Symposium
No. 106, pp 208-218 (Pitman, London 1974).

Shiloh Y, Donlon T, Bruns, Breitman ML, Tsui L-C: Assignment
of the human y-crystallin gene cluster (CRYG) to the long arm
of chromosome 2, region q33-q36. Hum Genet 73:17-19 (1986).

Southern EM: Detection of specific sequences among DNA frag-
ments separated by gel electrophoresis. J molec Biol 98:503-517
(1975).

Wahl GM, Stern M, Stark GR: Efficient transfer of large DNA
fragments from agarose gels to diazobenzyloxymethyl paper
and rapid hybridization by using dextran sulfate. Proc natn
Acad Sci USA 76:3683-3687 (1979).

Willard HF, Meakin SO, Tsui L-C, Breitman ML: Assignment of
the y-crystallin multigene family to chromosome 2. Somat Cell
molec Genet 11:511-516 (1985).

Zabel BU, Naylor SL, Sakaguchi AY, Bell GI, Shows TB: High-
resolution chromosomal localization of human genes for amy-
lase, proopiomelanocortin, somatostatin and a DNA fragment
(D3S1) by in situ hybridization. Proc natn Acad Sci USA
80:6932-6936 (1983).

Received: 21 January 1986
Accepted: 10 April 1986



