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Abstract

Insertional mutagenesis is an important tool for functional genomics in Drosophila melanogaster. The insertion site in the 
KG00562 mutant fly line has been mapped to the CG8709 (herein named DmLpin) locus and to the 3’ of kermit (also called 
dGIPC). This mutant line presents a high lethality rate resulting from a gain of function. To obtain some insight into the biologi-
cal role of the mutated locus, we have characterized the mutation and its relation to the high mortality of the KG00562 fly line. 
In this mutant, we did not detect one of the DmLpin transcripts, namely DmLpinK, but we did detect an unusual 2.3-kb mRNA 
(LpinK-w). Further investigation revealed that the LpinK-w transcript results from an aberrant splicing between the untranslated 
first exon of DmLpinK and the mini-white marker gene. Lack of DmLpinK or LpinK-w expression does not contribute to lethality, 
since heterozygous KG00562/Def7860 animals presented lethality rates comparable to those of the wild type. In contrast, the 
overexpression of kermit was associated with lethality of the KG00562 fly line. Significantly higher levels of kermit were detected 
in the Malpighian tubules of KG00562/+ flies that presented higher lethality rates than wild-type or KG00562/Def7860 animals, in 
which the lethality was rescued. In agreement with a recently reported study, our data support the hypothesis that misexpression 
of kermit/dGIPC could interfere with Drosophila development, with further investigations being needed in this direction.
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The kermit gene was first described in Xenopus (1) and it 
was later shown that it shares 72% identity with mammalian 
GIPC proteins (2). The PDZ-domain of GIPC proteins has 
been identified in several organisms through its interaction 
with a variety of binding partners, including many membrane 
proteins (3). Despite several reports on Xkermit/GIPC pro-
teins, their endogenous functions and the physiological roles 
of their interactions with several binding proteins are not well 
known. However, studies of loss of function in Xenopus have 
shown that kermit is required for frizzled-3 induction in the 
neural crest of ectodermal explants (1,4) and for insulin-like 
growth factor (IGF) signaling during the development of 
Xenopus eye (1,3). A recent report on Drosophila suggests 
that kermit (which was named dGIPC) might participate in the 
determination of the planar cell polarity of the wing epithelium 
by a mechanism independent of frizzled-3 (5). In addition, 
dGIPC loss of function was reported to be associated with 
Drosophila motor activity and longevity (6).

The KG00562 mutant contains the insertion of a trans-

poson, with a P element-based construction P(SUPor-P) (7) 
in the first intron of a new isoform of the CG8709, named 
DmLpinK (8), and in the 3’ flanking region of the kermit 
gene. Interestingly, the untranslated first exon of kermit cor-
responds to the first exon of the DmLpinK isoform (Figure 
1A). The isoforms encoded by DmLpin are homologous of 
lipins (8), which constitute a novel family of Mg2+-dependent 
phosphatidate phosphatase (PAP1) enzymes (9). These 
enzymes catalyze the dephosphorylation of phosphatidic 
acid to yield diacylglycerol. Lipins play important roles in 
several cellular and physiological processes, as shown by 
studies performed on other organisms, including yeast, 
worms, and mammals (for a review, see Refs. 10,11). The 
yeast lipin homolog known as Pah1p controls the phospho-
lipid biosynthesis required for the nuclear and endoplasmic 
reticulum membranes (12,13). The Caenorhabditis elegans 
lipin is also needed for the maintenance of normal nuclear 
and endoplasmic reticulum morphology (14,15). In mam-
mals, lipins are involved in the control of fatty acid metabo-
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lism (16) and in adipocyte differentiation (17,18). Data on 
Drosophila lipin function are virtually inexistent.

To gain some insights on the biological roles of DmLpin 
and/or Kermit we have investigated the molecular bases 
of the semi-lethal mutation found in the KG00562 fly line. 
We show that the DmLpinK isoform is not detected in the 
KG00562 fly line, whereas an unusual 2.3 kb mRNA is 
expressed instead. We also observed that this mutant 
presents a high lethality rate that was not rescued in the 
wild-type background, characterizing a gain of function 
phenotype. Hence, we asked whether the lack of DmLpinK 
or the expression of this unusual mRNA was associated 
with this high lethality rate. We demonstrated that neither 
of these alterations is related to the lethality phenotype 
of the KG00562 fly line. Interestingly, we found that the 
overexpression of the kermit gene in Malpighian tubules 
seems to be associated with the gain of function observed 
in the KG00562 fly line.

Material and Methods

Drosophila lines and culture
The flies were grown in standard cornmeal/agar media 

at 25°C. CantonS (CS) and w1118 flies were obtained from 
the laboratory of Dr. R.G.P. Ramos, FMRP, USP (Ribeirão 
Preto, SP, Brazil). The KG00562 [y1w67c23; P(SUPor-P)
KG00562], and Def7860 (w1118; Df(2R)Exel7095/CyO) 
fly lines were obtained from the Bloomington Stock Cen-
ter (Bloomington, USA). The KG00562 mutant carries a 
P(PUPor-P) insertion in which the 3’ has been mapped to 
the 4,033,487 position on the 2R 
chromosome (7,19). The Df(2R)
Exel7095 has a ~100 kb dele-
tion that extends from position 
4,012,164 to position 4,119,968 
of the 2R chromosome.

RNA extraction, Northern blot, 
3’ end RACE cloning, and 
sequencing 

Drosophila total RNA was 
extracted using Trizol reagent 
(Invitrogen, New Zealand) accord-
ing to manufacturer instructions. 
PolyA+ RNA was purified with 
the OligoTex mRNA midi kit (Qia-
gen, Germany). In Northern blot 
hybridization experiments, RNA 
was fractionated on 1% agarose 
formaldehyde-denaturing gels 
and blotted to nylon membranes 
(Hybond N, Amershan, UK). 
Probe labeling, hybridization 
and post-hybridization washes 
were performed essentially as 

described by Sambrook et al. (20). The final washes were 
performed at 65°C in the presence of 0.1X SSC and 0.2% 
SDS. The cDNA of LpinB-w was cloned by rapid amplification 
of cDNA 3’-end (RACE) using the 3’RACE System for Rapid 
Amplification of cDNA ends (Invitrogen, USA). A total of 500 
ng KG00562 polyA+ RNA in 20 µL buffer containing 500 nM 
of the adaptor primer was incubated at 70°C for 10 min and 
cooled on ice for 1 min. The reaction proceeded for 15 min 
at 70°C in 20 mM Tris-HCl, pH 8, 50 mM KCl, 10 mM DTT, 
0.5 mM dNTP, and 200 U Superscript II-RT (Invitrogen). 
PCR was performed with 3’-RACE-Ready cDNAs (2 µL) 
in a 50-µL reaction mixture containing 0.2 mM dNTPs, 0.2 
mM LpinB/Kermit first exon-specific primer (GSP-RACE-3’; 
Table 1), 0.2 mM Abridged Universal Amplification Primer 
(AUAP), 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 1.5 mM 
MgCl2, and 0.1 U Taq DNA polymerase (Fermentas, USA). 
The 3’-end was obtained with 37 cycles of denaturation 
(94°C for 2 min), annealing (66°C for 45 s), and extension 
(72°C for 4 min). Finally, the 3’-RACE-PCR product was 
gel-purified, cloned, and fully sequenced using the BigDye 
Terminator Cycle Sequencing Ready Reaction (PE Applied 
Biosystems, USA), M13 primers, and gene-specific primers 
(Table 1). Sequencing was performed with an ABI 3100 
Genetic Analyzer (Applied Biosystems-HITACHI, USA). 
Sequence analysis and clustering were performed using the 
STADEN software package and the amino acid sequence 
alignment was done using ClustalW.

Quantitative real-time RT-PCR 
For quantitative real-time RT-PCR (qRT-PCR), 700 ng 

Table 1. Primer sequences used in the present study.

Primer Sequence [5’  3’] GenBank ID* Amplicon size (bp)

GSP-RACE-3’ GTCCGCTTTCCTCGCTCATTAG NM_143771.2 -
W2 Exon-F CGGTATGTGTCGCTCGTTG NM_057439.2 -
W3 Exon-F CGGCGGAGAAAGGAAGCGT NM_057439.2 -
W3 Exon-R ATGGCTTGGAAAATCAGGTGTT NM_057439.2 -
W4 Exon-F GCCATTAGCAAAGTAGCCCG NM_057439.2 -
W4 Exon-R TCCTTGAGCACCGACAGCC NM_057439.2 -
W5 Exon-F ACGCAAGTGGGTGTGATGAAT NM_057439.2 -
W6 Exon-F ACTGGTCTTCACGGCGATTG NM_057439.2 -
W6 Exon-R AGCAGACCCTCGTTGGCGT NM_057439.2 -
DmLpinK F - GCCACCACTATCATTATCAACA GU327733 151

R - TGGCGAAGGAATCGGCTCTA
Kermit F - GCCACCACTATCATTATCAACA NM_143771.2 117

R  - GGACGGTTACCTTGCTCTTG
LpinK-w F - GCCACCACTATCATTATCAACA HM000003 130

R - CCGAAGCCCTGGTTAATGCA
RpL32A F - GACCATCCGCCCAGCATAC NM_079843.2 140

R - CGCACTCTGTTGTCGATACC

*Accession number for the sequence used to determine each primer. 
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RNA was converted to cDNA with SuperScript II (Invitrogen). 
To amplify and detect the isoform-specific PCR products 
we used the SYBR Green PCR Master Mix (PE Applied 
Biosystems) according to the manufacturer protocol. The 
primer sequences are shown in Table 1. Reactions without 
template were run in parallel for all plates to verify purity 
of measurements within each experiment. Each run was 
completed with a melting curve analysis to confirm the 
specificity of the amplification and to confirm absence of 
primer dimers. The mean threshold cycle of a mixture of 
equal amounts of CS and KG00562 RNA was used as a 
reference sample. The relative mRNA expression levels 
of target transcripts and the RpL32A gene (housekeep-
ing) were quantified using a Gene Amp® 7500 Sequence 
Detection System (PE Applied Biosystems). The qRT-PCR 
analyses were repeated three times and data were analyzed 

statistically by one-way analysis of variance (ANOVA) and 
by the Tukey multiple-comparison test (GraphPad Prism, 
version 5.0).

Results

Characterization of the anomalous mRNA (LpinK-w) 
expressed in the KG00562 mutant fly

Northern blot of mRNA from both heterozygous and 
homozygous KG00562 mutant flies probed with a fragment 
derived from the first exon of DmLpinK and kermit (probe B, 
Figure 1B) revealed that an mRNA of about 2.3 kb was not 
detected in CS wild-type flies. This unusual mRNA was not 
detected in the mutant when a DmLpinA-specific probe was 
used. Moreover, DmLpinK mRNA was not detected in the 
KG00562 flies, although the signal of kermit seemed to be 

Figure 1. KG00562 expresses an anomalous mRNA detected by a probe for the 5’ UTR of DmLpinK and kermit. 
A, Map of CG8709 (DmLpin) and kermit gene span and the insertion site of the transposon P(SUPor-P) (7) in the 
genome of the KG00562 Drosophila fly line. B, Schematic representation of the exon-intron organization of DmLpinA 
(CG8709-RA) and DmLpinK (GU327733) and predicted isoforms A, B, C, and D of the kermit gene. The exons are 
represented by bars and the introns by lines. Noncoding sequences are shown as narrower portions of the exon bars. 
The arrowheads on the intron lines indicate the transcription direction. C, Northern blots of polyA+ RNA of CantonS, 
KG00562/Cy, and KG00562 flies probed with the last exon exclusive of DmLpinA (probe A) or with a fragment of the 
first exon of the DmLpinK and kermit (probe B). Note that probe B, but not probe A, detected an mRNA of about 2.5 kb 
(LpinB-w) in flies with the KG00562 background. The DmLpinK was not detected in lines carrying the insertion.
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unaffected (Figure 1C). To determine the primary structure 
of the KG00562-specific transcript we performed 3’-RACE 
PCR using a gene-specific primer based on the sequence 
of probe B. The cloned cDNA revealed a sequence of 2305 
bp (HM000003). The alignment of this sequence with the 
D. melanogaster genome showed that this mRNA contains 

part of the untranslated first exon of DmLpinK and kermit, 
and the second, third, fourth, fifth, and sixth exons of the 
white gene (Figure 2A). The presence of the DmLpinK/
kermit first exon acceptor site and the donor splicing site 
of the second exon of white indicate that this new mRNA 
resulted from an aberrant splicing between the DmLpinK 

Figure 2. The anomalous mRNA expressed in the KG00562 fly is a chimera resulting from aberrant splicing. A, Diagram of the exon-
intron structure of the anomalous mRNA named LpinK-w. The first exon (grey box) corresponds to the 5’UTR of the DmLpinK and 
kermit and the other five boxes (white) correspond to the second, third, fourth, fifth, and sixth exons of the mini-white marker gene. The 
nucleotide sequence of the mRNA 5’ region, including the first and second spliced exons, is shown below. The DmLpinK and kermit 
first exon 3’ sequence is in black and the white second exon 5’ sequence is in grey. The donor and acceptor splice sites are underlined. 
B, Alignment between amino acid sequences of the white protein and the polypeptide deduced from the LpinK-w mRNA. Note that the 
ABC domain (ATP Binding Cassette Transporter Complex) highlighted by the grey box is maintained in a polypeptide encoded by the 
chimeric mRNA LpinK-w.
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or kermit first exon and the second exon of the mini-white 
gene, present in the P(SUPor-P) transposon. The mRNA 
expressed in the KG00562 mutant was named LpinK-w 
(Figure 2A). The open reading frame of LpinK-w encodes 
a 770-amino acid sequence that corresponds to the white 
protein lacking the first 23 amino acids, which maintains the 
ATP Binding Cassette (ABC) Transporter Complex domain 
required for its activity (Figure 2B).

Lethality of flies carrying the KG00562 insertion in 
different genetic backgrounds

Mutant flies homozygous for the KG00562 insertion 
presented 48% lethality during development, which was 
significantly higher (P < 0.001) than the lethality observed 
for w- (w1118) or CS flies. The high lethality rate of KG00562 
was not rescued in the progeny obtained from crosses of the 
mutant with w1118 or CS flies, which presented an average 
lethality of 52 and 60%, respectively (Table 2). These results 
suggest that the lethality associated with the KG00562 fly 
line is the result of a gain of function mutation. Addition-
ally, the lethality of the progeny obtained from crosses of 
the KG00562 line with flies carrying a ~100-kb deletion 
(Def7860), which covers the mutated region, did not differ 
from the lethality of CS wild-type flies (Table 2), indicating 
that the gain of function phenotype observed in KG00562 
flies is related to alterations in this genomic region.

Tissue expression of DmLpinK, kermit, and LpinK-w 
in animals with different genetic backgrounds

To determine whether the chimeric mRNA LpinK-w 

expressed in the KG00562 fly line results from an aberrant 
splicing of DmLpinK or kermit mRNAs, we compared the 
expression profile of LpinK-w with that of DmLpinK and 
kermit transcripts in the KG00562 mutant and wild-type 
tissues. These analyses were performed with total RNA 
extracted from the central nervous system (CNS), intestinal 
tract, and Malpighian tubules of 3rd-instar larvae, because of 
previous indications that DmLpin isoforms were differentially 
expressed in these tissues (8). 

Confirming our initial data, the DmLpinK transcripts were 
expressed in significantly higher levels (P < 0.001) in the 
CNS of wild-type animals than in the other tissues analyzed, 
but were not detected in the tissues of the KG00562 mutant 
(Figure 3). The chimeric LpinK-w presented an expression 

Figure 3. The expression of DmLpinK and kermit is affected in the KG00562 line. qRT-PCR of DmLpinK, kermit, and LpinK-w are 
shown in different tissues (central nervous system, intestinal tract, and Malpighian tubules) of the KG00562 mutant and CantonS (wild 
type) 3rd-instar larvae. Data are reported as means ± SEM (N = 3). For DmLpinK and LpinK-w, the asterisks denote significant differ-
ences between tissues (*P < 0.001, Tukey test). In the case of Kermit, the comparison was between CS and KG00562 (*P < 0.001, 
Tukey test).

Table 2. Lethality of the progenies from crosses between differ-
ent fly lines.

Cross (♀ x ♂) Total number of eggs Lethality (%) 

CS x CS 633 19 ± 3
w1118 x w1118 1030 20 ± 9
KG00562 x KG00562 602 48 ± 2*
KG00562 x CS 817 60 ± 7*
KG00562 x w1118 872 52 ± 8*
CS x Def7860/Bc 492 17 ± 4
KG00562 x Def7860/Bc 587 16 ± 3

Data are reported as means ± SEM. *P < 0.001 compared to 
wild-type (CantonS, CS), w- (w1118) and KG00562/Def7860 flies 
(Tukey test).
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pattern virtually identical to that of the wild-type DmLpinK 
mRNA (Figure 3). Kermit transcripts were detected at low 
levels in all tissues of the wild-type CS larvae, while in the 
KG00562 mutant their levels were significantly higher (P < 
0.001) in the intestinal tract and in the Malpighian tubules 
when compared to the wild type (Figure 3).

The reduction of DmLpinK and/or the overexpression 
of kermit in the different larval tissues could be associated 
with the lethality of KG00562 flies. To address this question 
we measured the levels of these mRNAs in the progeny of 
crosses between KG00562 and CS or Def7860 animals, 
where the lethality was approximately 60 and 17%, respec-
tively (Table 2). DmLpinK levels were reduced in all tissues 
analyzed of animals carrying the KG00562 insertion in both 
genetic backgrounds when compared to the wild-type flies 
(Figure 4). Similarly, kermit levels were also reduced in the 
CNS and intestinal tract of larvae carrying the KG00562 
insertion in both genetic backgrounds. Conversely, in the 
Malpighian tubules, the amounts of kermit transcripts 
in the KG00562/+ and KG00562/Def7860 flies differed 
significantly, being increased in the former (~1.8-fold) and 
reduced in the latter (~0.6-fold) progenies compared to 
wild-type animals (Figure 4). 

Discussion

In this study we investigated the molecular bases of 
the semi-lethal mutation found in the KG00562 fly line. Our 
data show that the insertion of the P(SUPor-P) transpos-
able element in KG00562 resulted in an aberrant splicing 
between DmLpinK and the mini-white marker gene (Figure 
2). A similar mutagenic event has been reported for the PZ 
lacZ rosy transposon. The insertion of this transposon in the 

second intron of the pipsqueak gene resulted in an aberrant 
splicing and in events of premature transcription termination 
that produced an mRNA composed of 5’ sequences from 
pipsqueak and 3’ sequences from the PZ element (21). 
Such a mutation could yield chimeric proteins with dominant 
effects. However, this is not the case for KG00562. We 
observed that, rather than a chimeric protein, the aberrant 
mRNA (LpinK-w) expressed in the KG00562 fly line encodes 
an aminoterminal deleted white protein containing the ABC 
domain (ATP Binding Cassette; Figure 2). The ABC domain 
is required for the white function in transporting molecules 
across membranes, such as the pigment precursors tryp-
tophan and guanine (22-24), and the cGMP in Malpighian 
tubules (25). Lack of the white function impairs pigment 
production in the light-screening cells of the compound eye 
resulting in flies with white eyes, which is the most prominent 
phenotype of w mutants. The eye color provided by the mini-
white expression in a w- (w67c23) recipient line was used 
to identify P(SUPor-P) transformants (5); thus the LpinK-w 
expression in the KG00562 fly line does not interfere with 
the white function. Ectopic overexpression of white, driven 
by a heat shock promoter, led to a marked change in the 
sexual behavior of mature adult males (26). Therefore, 
misexpression of the truncated white could contribute to 
the lethality of the KG00562 line. However, significantly 
higher rates of lethality (P < 0.001) were still observed in 
heterozygous KG00562/w+ or KG00562/w- flies (Table 2), 
while in heterozygous animals carrying the KG00562 inser-
tion over a deletion that covers the mutated region (Table 2) 
the lethality phenotype was rescued. These data suggest 
that, rather than the expression of the chimeric LpinK-w 
mRNA, alterations in other genes covered by this deletion 
(Def7860) might be related to the lethality. Lack of DmLpinK 

Figure 4. Overexpression of kermit in the Malpighian tubules is maintained in animals carrying KG00562 mutation in  
CantonS wild-type background (CS). qRT-PCR of DmLpinK and kermit in different tissues (central nervous system, intes-
tinal tract, and Malpighian tubules) of 3rd-instar larvae. The tissues analyzed were from the progenies of crosses between 
KG00562 x CantonS (CS) and KG00562 x Def7860. Data are reported as means ± SEM (N = 3) of each mRNA level in 
comparison to its level in CS. Asterisks denote significant differences between groups (*P < 0.001, Tukey test).
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expression does not seem to contribute to lethality, since 
heterozygous KG00562/Def7860 animals, where DmLpinK 
expression does not occur (Figure 4), present lethality rates 
similar to those of the CS wild type (Table 2). It is possible 
that the expression of the DmLpinA isoform, which seems 
to be normally expressed in the KG00562 fly line (Figure 
1), compensates for the lack of the DmLpinK isoform. Ac-
cordingly, recent data showed that the increase of lipin-2 
levels counterbalance the PAP1 activity in the liver of mice 
deficient in Lpin1 (27).

The overexpression of kermit was revealed to be as-
sociated with the lethality of the KG00562 fly, although we 
cannot rule out the involvement of other genes covered 
by the Def7860 deficiency. Significantly higher levels of 
kermit (1.8- to 3.0-fold) were observed in the Malpighian 
tubules of KG00562/+ flies in comparison to both CS line 
and KG00562/Def7860 animals (Figure 4). Since in the 
heterozygous KG00562/+ flies the lethality is highly elevated 
and in heterozygous KG00562/Def7860 the lethality phe-
notype is rescued to levels similar to those of CS wild type 
(Table 2), the overexpression of kermit is the only altera-
tion observed that can be associated with the KG00562 
lethality. This agrees with a recent report showing that, 

although kermit/dGIPC is not essential for development, 
increased doses of this gene can be deleterious. It was 
demonstrated that overexpression of dGPIC on the dorsal 
thorax interferes with the generation of planar cell polarity 
in the wing (5). Further investigations on the effect of kermit/
dGIPC overexpression in specific tissues or developmental 
stages should contribute to understanding the role of this 
gene in Drosophila development. 
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