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Localization of the human gene encoding the
13.3-kDa subunit of mitochondrial complex Il
(UQCRB) to 8422 by in situ hybridization

S. Malaney,’-2 H.H.Q. Heng,! L.C. Tsui,! X.M. Shi," and B.H. Robinson'?

| Department of Genetics, The Research Institute, and 2 Departments of Biochemistry and Pedtatrics, Unjversity of Toronto and
The Research Institute, The Hospital for Sick Children, Toronto, Ont. (Canada)

Abstract. We have localized the human gene encoding the
13.3-kDa subunit of mitochondrial complex T (UQCRB) to
chromosome 8 using both radioactive in situ hiybridization and
fluorescence in sitw hybridization. The additional peak ob-

tained with the former method is attributed to the higher sensi-
tivity of this technique, which results in hybridization of the
probe to the less conserved pseudogene. We therefore conclude
that the functional gene is most likely located at 8q22.

The mitochondrial respiratory chain in mammals consists
of fiwe multisubunit enzyme complexes. In all but one of them,
complex 11, the subunits are encoded by a combination of
mtDNA and nuclear DNA. Complex I consists of at least 11
distinct subumits comprising the mitochondrially encoded cyto-
chrome b, the nuclear encoded cytochrome ¢, an iron-sulfur
protein with an Fe;S; cluster, and a series of proteins of
wknown function, including the 13.3-kDa peptide localized in
this paper (Link et al., 1987). Previous disruption of the gene
roding for this subunit in yeast homologous to the human 13.3-
kDa peptide resulted in a respiratory deficient mutant strain
(Schoppink et al., 1989), and proteolytic deletion of the N-
terminal seven amino acids of the homologous bovine subunit
resalied im decoupling of redox-linked H* pumping (Cocco et
al, 1991). Although this subunit does not contain a catalytic
genter, we speculate that it plays a vital role in the development
of the mitochondrial membrane potential.

A full-length ¢DNA of the 13.3-kDa subunit of the mito-
chondrial ubiquinol cytochrome ¢ reductase (UQCRB) was
previously isolated and used to locate gemomic clones for
UQCRB (Suzuki et al., 1988, 1989). The UQCRB consists of
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four exons spanning 4.5-5 kb in length; two other genomic enti-
ties were also isolated but had no introns and were thought to
be processed pseudogenes (Suzuki et al., 1989). Genomic DNA
from the UQCRB gene and a hybrid mapping panel were sub-
sequently used to localize the gene to 8922 — qter (Hosokawa et
al., 1990).
To obtain a more precise localization of the UQCRB gene,
the full-length 350-bp cDNA was obtained by PCR from a first-
strand ¢cDNA library and used to perform in situ hybridization
as described by Duncan et al. (1992). Analysis of the distribu-
tion of 400 silver grains following in situ hybridization revealed
a significant clustering of grains on the long arms of chromo-
somes 5 and 8 (Fig. 1a). Thirty-nine silver grains were observed
at 5q33—q34, with a peak at 5q34, and 40 silver grains were
observed at 8¢21.3-q32, with a peak at 8q22 (P < ‘0.'00‘0‘_1).
Examination of metaphase chromosomes showed. silver grains
located over the 5q34 and 8g22, supporting the localization of
UQCRB to one or both of these sites. )
Since the cDNA probe was relatively small, fluorescence in
situ hybridization (FISH) was perf()m'me(ﬂ with the 350-bp clone
to confirm the localization (Ali et al., ]1199‘3; Hemg et al., 1992,‘
1994; Heng and Tsui 1993). After hybrid:ltmtmn and detfectmm,
the hybridization efficiency was great€? the{m 50%. Figure 2
shows a typical flyorescence hybridization signal on chromo-
some 8 obtained with the UQCRB cDNA probe. A total of 10
mitotic figures were photographed, and the data are summa-
rized in Fig. 1b. Each dot in Fig. 1b represents a dloublp fluores-
cent signal on chromosome 8, suggesting that the gene is located




Fig. 1. Localization of the UQCRB gene to 5q34 and 8q22. (a) Silver-
grain distribution following in situ hybridization. The positions of 400 silver
grains observed over well-banded autosomes were recorded on an ISCN-
derived ideogram of the human karyatype. In situ hybridization to BrdU-
synchronized peripheral blood lymphocytes was. performed using the method
of Harper and Saunders (1981) with a probe of 348 bp corresponding to the
whole coding region of the ¢DNA and labeled to a specific activity of 3.3 x
107 epmipg with [PH}dTTP and [PH]ATP (NEN) using a multiprime label-
ing system {Amersham). () An ideogram of UQCRB mapping by FISH to
chromosome 8 summarizing the fluorescent signal data. Each dot represents
a double fluorescent signal. See legend of Fig. 2 for details.

at 8g22. All of the signals were located between 8q21.3 and
8q22.1, the most frequent Jocation being 8q22.1. No signals
were detected with a high frequency above chromosome 3
under the conditions used.

In general, radioactive in situ hybridization is more sensi-
tive than FISH; therefore, it is not surprising to notice the dif-
ferences in hybridization. In fact, radioactive in situ hybridiza-
tion generates a much higher background. By comparing map-
ping results from both methods, we concluded that the most
specific hybridization with the UQCRB ¢DNA occurs on chro-
mosome 8. The most likely explanation for this is that the real
gene lies on chromosome 8, whereas a psendogene, or a related
sequence, is located on chromosome 5 and was detected by
radioactive in situ hybridization. With the FISH technique, it
is not clear whether the probe would hybridize better to the
UQCRB pseudogene, which has no introns, rather than the true
gene, which has introns (Suzuki et al.,, 1989). However, the
homology between the pseudogene and the cDNA, which is
inferior to that between the true gene and its cDNA, may dic-
tate that preferential hybridization should occur with the gene.

It is still a challenge to map small probes by the FISH meth-
od, since the hybridization efficiency and the intensity of sig-
nals are related to the size of the probes. Recently, small-size
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Fig. 2. Localization of the UQCRB gene to 8q22 by FISH. (a) An exam-
ple of FISH mapping for the UQCRB gene. Chromosomes were prepared
from synchronized lymphocyte cultures fixed with 3:1 methanol acetic acid,
and slides were air dried (Link et al., 1987; Suzuki et al.. 1988). Slides aged 7
d were baked at 55°C for 1 h, treated with RN Ase A, and denatured in 70%
formamide for | min at 70°C, followed by dehydration with ethanol, The
350-bp UQCRB cDNA probe was biotinylated with dATP, using a BRL
BioNick labeling kit, at 15°C for 1 h (Suzuki et al., 1988). The probes were
denatured at 75 °C for 5 min in a hybridization mixture of 50 % formamide
and 10% dextran sulfate. After hybridization, slides were washed, and FISH
signals were detected and amplified using a modification of the method
described by Schoppink et al. (1989). FISH signals and the DAPI banding
pattern were visualized in a single operation by simply switching the filters of
the microscope {Suzuki et al., 1988). The left panel shows the FISH signal,
indicated by an arrow. The right panel (h) shows the corresponding chromo-
somes after DAPI staining.

¢DNA FISH mapping has greatly improved, such that 1 kb or
even smaller sequences can be detected (Ali et al., 1993; Heng
et al., 1994). By modifying the probe labeling conditions, as
well as those for hybridization and detection, a stronger am_d
larger complex or “probe network™ may be formed that i
designed to amplify FISH signals for small probe detection,
Therefore, the FISH detection method can be reliably used fos
mapping cDNA probes smaller than 500 bp (Heng et al., manu-
script in preparation). The successful mapping of the UQCRE
cDNA (350 bp) in the present report is one such example.
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