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Recessive oncogenes are genetic functions important in the regulation of tissue growth and
differentiation. These genetic functions are defined on the basis of the phenotype expressed
by homozygotes. Defining the role of these genes in normal developmental and physiological
processes is important to the development of accurate models of the normal regulation of
growth and differentiation. Drosophila can be a good system to investigate the neoplastic
mechanism of oncogenes and provide a greater understanding in the developmental progres-
sion of both invertebrates and vertebrates. The lethal (2) giant Jarvae gene is a recessive onco-
gene of Drosophila and temperature sensitive mutations of this gene have been isolated. Here,
the application of temperature-sensitive mutations in Drosophila oncogene studies is discussed.
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INTRODUCTION

Drosophila melanogaster has been providing a good model
for genetic and developmental studies because of its short
life span, manipulatable genetics, and well-characterized
embryonic and post-embryonic development (Mitchison
and Sedat, 1983). During post-development there are
two populations of cells; 1) non-dividing cells that are for
the most part terminally differentiated, and 2) dividing
cells. In Drosophila there have been identified at least
27 recessive genes which are capable of causing tissue-
specific tumors when mutated (Gateff, 1994). Since only
dividing cells express and proliferate the neoplastic state,
the mutations producing subculturable neoplasms affect
dividing cells such as the presumptive adult optic centers
in the larval brain, the primordia for the adult integument
(imaginal discs), the primordial gonial cells in the female
and male gonads, and the hematopoietic cells (Gateff,
1978, 1982).

Temperature-Sensitive Mutations

A powerful tool for analyzing the effect of lethal
mutations on developmental processes is temperature-
sensitive (ts) lethal mutation (Suzuki, 1970). Temperature-
sensitive mutations have been used in a variety of de-
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velopmental studies in various organisms induding Drosophila
(Suzuki, 1970; Arking, 1975; Hanratty, 1984; Baek and
Hanratty, 1996) and microorganisms (Prendergast et al.,
1996). In microorganisms, temperature sensitivity results
from missense mutations that produce thermolabile poly-
peptide products (Jockusch, 1966). The genetic properties
of temperature-sensitive mutations in Drosophila conform
to the expectations of point mutants (Suzuki, 1970). The
temperature-shift studies have been used to define tem-
perature-sensitive periods of the gene action by deter-
mining the effect of shift from the permissive condition
to the restrictive condition (upshift) or from the restrictive
condition to the permissive condition (downshift) on the
expression of the mutant phenotype (Fattig and Rickoll,
1972; Hanratty, 1984). Temperature-sensitive alleles at
the known neoplastic loci are useful in analyzing the
developmental, genetic, and biochemical aspects of neo-
plastic development in Drosophila. Since there are a
number of known non-conditional mutants of Drosophila
that develop neoplasms, these mutants define specific
developmental genes and the non-conditional mutants
can, in turn, be used to identify temperature-sensitive
alleles of the same gene. Therefore, by using temperature-
sensitive alleles of known neoplastic genes, the role of
these genes in normal development can be defined.

The Characteristics of Lethal (2) Giant Larvae

The I(2)gl, lethal (2) giant larvae, has been described
as the first recessive oncogene in Drosophila (Gateff,
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1978; Mechler, 1985) and its homologs have been found
in mouse and human (Kuwabara et al., 1994; Strand et
al., 1995). Both recessive non-conditional and conditional
mutants for this gene have been isolated in Drosophila
(Gateff, 1978; Hanratty, 1984; Baek and Hanratty, 1996)
and the chromosomal segment containing the /(2)gl gene
has been cloned (Mechler et al., 1985). Sequence analysis
of the cDNA clone suggests that it encodes either an
1114 or 1161 amino acid depending on the two
possible initiation codons in the open reading frame
(Litzelschwab et al., 1987). The p127 tumor suppressor
protein encoded by the /(2)gl gene is homologous to
vertebrate cadherin cell adhesion molecules such as mouse
P-cadherin and chicken L-CAM. Even though /(2)g/ protein
lacks the transmembrane domain present in cadherins,
it contains an internally located signal sequence near the
N-terminus. Immunocytochemistry studies have shown that
I2)gl proteins are localized at the cell surface, specifically
at the junctions between proliferating cells (Klambt et
al., 1989). These findings suggest that /(2)gl protein is
involved in cell-to-cell interaction.

The I(2)gl protein is found in a cytoskeletal complex
containing a nonmuscle myosin type Il heavy chain
(zip), a serine kinase, a nucleosome-assembly protein-1
(NAP-1), and D-abelson (Kalmes et al.,, 1996; Neumann
et al,, 1996; Saha and Sinha, 1996). It has been suggested
that the organization of this complex and its association
with other unknown proteins are required for the cell
proliferation (Jacobs et al., 1996). Therefore, finding these
unknown proteins and delineating the role of /(2)gl in
this complex will clarify to understand the mechanisms
of this cytoskeleton complex during cell proliferation.

Recessive mutant alleles of (2)gl gene result in the
overgrowth of presumptive adult optic centers and the
imaginal discs of the affected larvae. The critical evidence
that demonstrates the neoplastic nature of the tissue
obtained from these larva was the ability to establish
subculturable neoplasms when the affected tissues were
cultured in adult hosts (Hanratty, 1984; GCateff and
Schneiderman, 1974). The expression analysis for this
gene and other Drosophila recessive lethal mutations has
demonstrated that mutations in a number of different
genes result in the overgrowth and neoplastic develop-
ment of affected tissues (Gateff, 1994). The molecular
and developmental analyses of these mutations are an
active area of investigation. An important approach of the
developmental analysis of gene expression in Drosophila
is the isolation and analysis of temperature-sensitive alleles.
Three temperature sensitive /(2)gl alleles have been
isolated (Hanratty 1984; Baek and Hanratty, 1996) using
ethylmethane sulfonate (EMS), which is a chemical mu-
tagen (Fig. 1; Table I). And the temperature dependent
expression of the neoplastic development of the wing
imaginal discs in these alleles has been demonstrated
(Hanratty, 1984; Baek and Hanratty, 1997). In addition,
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Mutagenize : Feed adult male flies with
ethylmethane sulfonate (EMS)

Select : Permissive Temperature (22 °C)
Restrictive Temperature (29 °C)

Establish : Stocks with Balanced Chromosomes

Fig. 1. The general scheme for the isolation of temperature-
sensitive mutations in Drosophila. Newly induced /(2)g! alleles
become lethal at 29°C and viable at 22°C. To establish tem-
perature-sensitive /(2)gf stocks, a balancer chromosome was used
to prevent the recovery of unwanted recombination during the
isolation procedure.

Table 1 The generation of temperature-sensitive I(2)gl alleles by
EMS mutagenesis

The Number of

Newly Induced Viable at 22°C

Chromosomes Tested (2)gl Alleles
2,969 6 2*
2,500 3 1**

*named /(2)gl®' and I(2)gl** (Haratty, 1984)
**named I(2'§gll53 (Back and Hanratty, 1996)

it has been shown that the intragenic (trans-allelic) com-
plementation may occur between temperature-sensitive
l2)gl alleles (Baek, 1996), supporting the finding that
I(2)g! proteins homo-oligomerize (Jacobs, 1996).

Future Directions

A detailed analysis of recessive mutations at the tem-
perature-sensitive /(2)gl locus on both the genetic and
molecular levels will help to elucidate the unresolved
questions regarding the functions of this gene during
proliferative development. The effort also has been in-
itiated for finding homologs in other organisms such as
zebrafish, Xenopus, and chick. The metastasis of Drosophila
cells is similar to the metastasis of some mammalian
(including human) tumors not only at the biochemical
level but the cellular level, suggesting that similar me-
chanisms may play a role in this process in diverse
organisms. Therefore, the investigation of the mechanism
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for neoplastic development in invertebrates will help to
create drugs that target to this mechanism in human tumors.

REFERENCES CITED

Arking, R., Temperature-sensitive cell-lethal mutants of
Drosophila: Isolation and characterization. Genetics,
80, 519-537 (1975).

Baek, K-H. and Hanratty, W. P, The characterization of
temperature-sensitive lethal (2) giant larvae in Drosophila
melanogaster. Drosophila Inf. Serv., 77, 90-92 (1996).

Baek, K.-H. and Hanratty, W. P, The lethal (2) giant
larva (I(2)gl), a recessive oncogene, is required during
embryonic and post-embryonic development in Droso-
phila. Cancer Lett., 111, 233-238 (1997).

Fattig, W. D. and Rickoll, W. L., Isolation of recessive
third-chromosome temperature-sensitive mutants in
Drosophila melanogaster. Genetics, 71, 309-313 (1972).

Gateff, E., Cancer, genes, and development: The Drosophila
case. Adv. Cancer Res., 37, 33-74 (1982).

Gateff, E., Malignant and benign neoplasms of Drosophila
melanogaster. In The Genetics and Biology of Drosophila,
M. Ashburner and T. R. F Write, eds. Vol. 2b.
Academic Press, New York, pp. 152-275 (1978).

Gateff, E. and Schneiderman, H. A., Developmental
capacities of benign and malignant neoplasms of
Drosophila. Wilhelm Roux's Arch., 176, 23-65 (1974).

Cateff, E.,, Tumor suppressor and overgrowth suppressor
genes of Drosophila melanogaster: develop-mental
aspects. Int. J. Dev. Biol., 38, 565-590 (1994).

Hanratty, W. P, Isolation and characterization of tem-
perature-sensitive lethal (2) giant larva alleles. 1. Mu-
tagenesis and larval pathology. Wilhelm Roux's Arch.,
193, 90-97 (1984).

Hanratty, W. P, Isolation and characterization of tem-
perature-sensitive lethal (2) giant larva alleles. II. Tem-
perature-sensitive expression of the imaginal disc neo-
plasm. Wilhelm Roux's Arch., 193, 98-107 (1984).

Jacobs, R., de Lorenzo, L., Spiess, E., Strand, D. and
Mechler, B. M., Homo-oligomerization domains in the
lethal (2) giant larvae tumor suppressor protein, p127
of Drosophila. J. Mol. Biol., 264, 484-496 (1996).

Jockusch, H., Relations between temperature sensitivity,
amino acid replacements, and quaternary structure of
mutant proteins. Biochem. Biophys. Res. Commun., 24,
577-583 (1966).

Kalmes, A., Merdes, G., Neumann, B., Strand, D. and
Mechler, B. M., A serine-kinase associated with the
p127-12)gl tumour suppressor of Drosophila may re-
gulate the binding of p127 to nonmuscle myosin II
heavy chain and the attachment of p127 to the
plasma membrane. J. Cell Sci., 109, 1359-1368 (1996).

231

Klabt, C., Muller, S., Lzelschwab, R., Rossa, R., Totzke,
F and Schmidt, O. (1989) The Drosophila melanogaster
I2)gl gene encodes a protein homologous to the
cadherin cell-adhesion molecule family. Dev. Biol, 133,
425-436.

Kramer, K. M., Fesquet, D., Johnson, A. L. and Johnston,
L. H., Budding yeast RSI1/APC2, a novel gene necessary
for initiation of anaphase, encodes an APC subunit.
EMBO J., 17, 498-506 (1998).

Kuwabara, K., Takahashi, Y., Tomotsune, D., Takahashi,
N. and Kominami, R., mgl-1, a mouse homologue of
the Drosophila tumor-suppressor gene I(2)gl, maps to
chromosome 11. Genomics, 20, 337-338 (1994).

Liizelschwab, R., Klbt, C., Rossa, R. and Schmidt, O.,
A protein product of the Drosophila recessive tumor
gene, 1(2) giant gl, potentially has cell adhesion pro-
perties. EMBO J., 6, 1791-1797 (1987).

Mechler, B. M., McGinnis, W. and Gehring, W. ],
Molecular cloning of lethal (2) giant larvae, a recessive
oncogene of Drosophila melanogaster. EMBO J., 4, 1551-
1557 (1985).

Mitchison, T. ). and Sedat, J., Localization of antigenic
determinants in whole Drosophila embryos. Dev. Biol.,
99, 261-264 (1983).

Neumann, B., Merdes, G., Strand, D. and Mechler, B.
M., Association between the tumor suppressor p127
[2)gll and a related nucleosome-assembly-protein-1,
NAP-1, suggests a new mechanism in the regulation of
cell proliferation. A. Conf. Dros. Res., 37, 134 (1996).

Perrimon, N., The maternal effect of lethal(1)discs-large-1:
a recessive oncogene of Drosophila melano-gaster. Dev.
Biol., 127, 392-407 (1988).

Prendergast, ). A., Ptak, C., Kornitzer, D., Steussy, C. N,,
Hodgins, R., Goebl, M. and Ellison, M. J., Identification
of a positive regulator of the cell cycle ubiquitin-con-
jugating enzyme Cdc34 (Ubc3). Mol. Cell. Biol., 16,
677-684 (1996).

Saha, D. and Sinha, P, Genetic interaction of Drosophila
homologue of abelson (abl) proto-oncogene (D-abl)
and lethal (2) giant larvae (lgl) tumour suppressor gene
during embryonic development. J. Cenet., 75, 161-172
(1996).

Strand, D., Unger, S., Corvi, R., Hartenstein, K., Schenkel,
H., Kalmes, A., Merdes, B.,, Neumann, B., Krieg-
Schneider, F, Coy, ). F, Poustka, A., Schwab, M. and
Mechler, B. M. A human homologue of the Drosophila
tumour suppressor gene /(2)gl maps to 17p11.2-12
and codes for a cytoskeletal protein that associates with
nonmuscle myosin Il heavy chain. Oncogene, 11, 291-
301 (1995).

Suzuki, D. T. Temperature-sensitive mutations in Drosophila
melanogaster. Science, 170, 695-706 (1970).



