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The actions of the acetylcholine neurotransmitter are
mediated by two classes of receptors, the nicotinic,
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which are ligand-gated ion channels, and the musca-
rinic, which are G-protein-coupled receptors. The m4
receptor is one of five different muscarinic receptors
that have been cloned (1) and found to be widely ex-
pressed in the brain (2). The m4 gene has been mapped
by in situ hybridization to the short arm of chromosome
11 (11pl1.2-p12; Bonner et al, in preparation). We
sought to confirm and extend this observation by genetic
linkage mapping.

An Sstl polymorphism for the m4 gene creating two
alleles, A1 (3.2 kb) and A2 (3.5 kb), has been previously
described (4). Southern blots were prepared using Sacl-
digested genomic DNA from 40 matings in the pedigree
collection of the Centre d’Etude du Polymorphisme Hu-
main (CEPH). These blots were hybridized with the m4
probe (4) to identify potentially informative pedigrees.
Five families comprising 72 individuals were found to be
informative. Genotyping revealed a Mendelian codo-
minant inheritance (data not shown). Two-point and
multipoint analyses were performed using the MLINK
and ILINK programs of the LINKAGE (V5.03) package
(9). Pairwise analysis detected significant evidence for
linkage between m4 and five loci, D11S149 (8, 7),
D11S436 (12), D11S141 (5), p5BE1.2 (3), and D11S97
(11), as shown in Table 1. These results indicate that the
m4 gene is closely linked to both 11q and 11p markers
that are located near the centromere,

Since there is no existing primary genetic linkage map
that includes all six chromosome 11 loci, we performed a
multipoint analysis using the ILINK program to deter-
mine the maximum likelihood order between m4 and the
other marker loci. Differences in recombination fraction
between males and females were sought under three dif-
ferent models: no sex difference, variable sex difference,
and constant sex difference within each interval. The
analysis revealed that m4 is in a cluster with D11S149
and D115436, but the precise gene order of the six chro-
mosome 11 loci was not unambiguously established. The
odds ratios, however, strongly suggest that p5BE1.2 is
proximal to the D115149/m4/D11S436 (odds = 1.30 X
107:1), while D11S97 and D11S141 lie distal to this clus-
ter (odds = 1.28 X 10%:1 and 1.15 X 10°1, respectively).
The map generated showed significant sex differences,
with a female/male genetic distance constant ratio equal
to 3.3 (P < 0.001). We performed additional multipoint
analysis using the CAT gene (10) and other markers
known to reside on 11p, but the same maximum likeli-
hood order was found with D11S149 and D11S436
flanking m4. Both m4 and D11S436 have been mapped
to 11p11-pl12 (Bonner et al., in preparation; 12), while
D11S149 has been mapped to 11q12 (7). Although this
discrepancy remains to be resolved, the genetic linkage
mapping data presented here confirm that the CHRM4
locus is located near the centromere of chromosome 11.
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TABLE 1

Recombination
Probe (locus) Maximum lod score fraction Location

(Z) (# (Ref.)
pTHH26 (D11S149) 4.21 0.00 11q12 (7)
CI11-30 (D113436) 4.17 0.00 11p11-pi2 (12)
CRI-L762 (D11S141) 3.91 0.00 1113 (7)
p5BE1.2 3.61 0.00 11p (3)
pMS51 (D118S97) 3.49 0.10 11q13 (11)
pINT-800 (CAT) 2.96 0.00 11p13 (10)
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The human Charcot-Leyden crystal protein (CLC) com-
prises approximately 7-10% of eosinophil cellular protein and
forms the distinctive hexagonal bipyramidal Charcot-Leyden
crystals described in a variety of eosinophil and basophil-re-
lated inflammatory states and some myeloid leukemias (1).
The CLC protein is a hydrophobic polypeptide with a mass of
17,400 Da and exhibits lysophospholipase activity (lysolec-
ithin acylhydrolase, E.C.3.1.1.5) of uncertain physiologic sig-
nificance (15). A full-length ¢cDNA clone for eosinophil CLC
protein has been isolated and sequenced (2); the predicted
amino acid sequence has similarities to members of the S-type
B-galactoside binding animal lectin superfamily (3). CLC pro-
tein has been assigned Mendelian Inheritance in Man (MIM)
number 153310. We report that the gene for CLC protein is
found on human chromosome 19.

A human CLC ¢cDNA probe was used in these studies and
consisted of a 529-bp ¢cDNA originally obtained from an HL-
60 3¢51 A gtll library. The probe contains the entire coding
region of CLC protein (2). All probes were radiolabeled with
[e-**P]dCTP using the random oligomer priming method (4)
and hybridized to Kpnl-digested human DNA, mouse DNA,
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