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Previously, we purified a novel protein tyrosine phosphatase from eggs of the flesh fly,
Sarcophaga peregrina. This protein tyrosine phosphatase, named egg-derived tyrosine
phosphatase (EDTP), is expressed during oogenesis and early embryogenesis but is
rapidly degraded in middle embryogenesis by lysosomal cathepsin L. Here, we demon-
strate the requirement of EDTP in the development of the fruit fly, Drosophila melano-
gaster. Deletion of the Drosophila EDTP gene using transposase-catalyzed imprecise
excision resulted in homozygous lethals during embryogenesis. Additionally, germline
clones generated using the FLP-FRT-ovo” system showed severe defectsin ovarian devel-
opment during oogenesis. These results indicate that the Drosophila EDTP gene is cru-
cial in oogenesis and embryogenesis.

Key words: cathepsin L, Drosophila melanogaster, embryogenesis, oogenesis, protein
tyrosine phosphatase.

Abbreviations: FRT, flipase recognition target sequence; FLP, flipase; EST, expression sequence tag; rp49,

ribosomal protein 49; GFP, green fluorescence protein; Act, actin; FITC, fluorescein isothiocianate.

Morphogenesis and cell differentiation in multi-cellular
organisms require a precise balance between protein phos-
phorylation and dephosphorylation (1-3). Protein tyrosine
phosphatase, a member of the protein phosphatase family,
has been shown to play important roles in insect oogenesis
and embryogenesis. Several soluble protein tyrosine phos-
phatases involved in these functions have been identified
in Drosophila melanogaster (4-9). For example, Corkscrew
is required for normal determination of cell fates at the
termini of an embryo. The activation of Torso, a receptor
tyrosine kinase essential for the development of terminal
structures of an embryo, initiates a signalling cascade that
requires the function of the corkscrew phosphatase (4).
Two other genes, string and twine, encode for protein tyro-
sine phosphatases which are structurally similar to the
cdc25 phosphatase of Schizosaccharomyces pombe (5-8).
The former gene is required for initiation of mitosis of
blastoderm cells, whereas the latter gene is required for
proper assembly of the meiotic spindles and the arrest
of the developing oocytes at metaphase I. An additional
gene, the tribbles gene, acts specifically by inducing
degradation of the cdc25 mitotic activators, String and
Twine, via the proteosome pathway (9). By regulating
cdc25, Tribbles serves to coordinate entry into mitosis
and thus morphogenesis and determination of cell fate.
Hence, the appropriate expression of this gene, which is
followed by immediate degradation of the protein tyrosine
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phosphatases by proteases, appears to be important for
some aspects of development, including oogenesis and
embryogenesis.

Previously, we identified a novel soluble protein tyrosine
phosphatase from eggs of the flesh fly, Sarcophaga pere-
grina, which we have named egg-derived tyrosine phos-
phatase (EDTP) (10). EDTP was purified as a substrate
protein for cathepsin L, a cysteine proteinase involved in
Sarcophaga development (11, 12). EDTP is structurally
novel and contains the conserved active site of protein tyro-
sine phosphatases. In addition, EDTP is rich in serine and
threonine residues, which account for 145 of 724 residues,
and this suggests that it is a phosphorylated protein.

Our work has shown that EDTP is indeed phosphory-
lated and has protein tyrosine phosphatase activity. Ana-
lysis of its expression at various stages showed that the
EDTP protein and its mRNA were expressed in both oogen-
esis and embryogenesis but disappeared during embryonic
development. EDTP was rapidly removed from ooplasm by
cathepsin L digestion in early embryonic development, and
this action may therefore be a prerequisite for the embryo-
nic development of Sarcophaga (10). These results suggest
that EDTP may function during specific events in embryo-
genesis prior to digestion by cathepsin L.

To clarify the regulation of embryogensis by EDTP using
genetic approaches, we cloned Drosophila homologous
cDNA. Deletion of the Drosophila EDTP gene was caused
by imprecise excision of a transposable P-element and
resulted in homozygous lethals during embryogenesis. In
addition, germline clones generated using the FLP-FRT-
ovo® system showed severe defects in ovarian development
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during oogenesis. These results show that the Drosophila
EDTP gene is crucial in Drosophila oogenesis and
embryogenesis.

MATERIALS AND METHODS

Fly Strains—The following P-element insertions were
used in the Drosophila EDTP locus: 1(2)k6310b and
EP(2)0922 (provided by the Berkeley Drosophila Genome
Project, BDGP) (13-15). The P-element insertions were
mapped to genomic contigs using the inverse PCR data
provided on the FlyBase web pages. P-element insertion
was mobilized using a A2-3 transposase source and exci-
sions were identified by loss of w* expression (I16). Of 200
excisions examined, 2 recessive lethal lines were obtained.
The proximal and distal breakpoints of excision were deter-
mined by sequencing a Polymerase Chain Reaction (PCR)
fragment spanning the deletion.

Germline Clones—All germline clones were generated
via the FLP-FRT-ovo® system (17). The null allele
EDTP” was recombined into the FRT42B (flipase recogni-
tion target sequence 42B) chromosome. Germline clones
were generated by crossing FRT-EDTP* into a
hsFLP;FRT-P[OvoD] background and inducing mitotic
recombination by heat-shocking second instar larvae for
2 h at 37°C for 3 consecutive days. In a control experiment,
the egg development was normal when FRT-+ was crossed
into a hs-FLP;FRT P[OvoD] (data not shown), showing
that the heat-shocking and the mitotic recombination
indeed properly worked.

Cloning of cDNA for Drosophila EDTP—The BDGP EST
clone (clone LD05323), of which 634 bp has been sequenced
(18) and which shows 56.8% homology with Sarcophaga
EDTP c¢cDNA, was used to isolate the cDNA of the Droso-
phila EDTP gene. The fragment of this clone was amplified
by PCR from a Drosophila embryonic cDNA library (Stra-
tagene). The DNA primers used were 5-CCAGTGTCGTG-
TGTGTAA-3' and 5-AAGAGTCCATTTCCCGGT-3'. The
resulting PCR product was purified and used as a probe
to obtain Drosophila EDTP full-length ¢cDNA. The probe
was labelled with [0¢-32P]-dCTP using a random primer
labelling kit (Takara). Two positive clones were isolated
from 1 x 10° clones of the Drosophila embryonic cDNA
library by plaque hybridization. The clone containing the
longer insert (3.2 kb) was sequenced using the dideoxy
chain-termination method (719). The nucleotide sequences
of both strands were then determined.

RT-PCR Analysis—mRNA was extracted from Droso-
phila embryos using an mRNA purification kit (American
Pharmacia Biotech). Reverse transcription was then
performed using this mRNA as a template and oligo(dT)
primer as a primer. The primers were used to detect EDTP
mRNA were 5-CCATTGTGGACCTCATGGTCG-3' and
5-TTGGTGCGCTTGCGGTGCTCC-3’, located between
nucleotides +920 to +940 and +1535 to +1515, respectively.
As an internal control, rp49 (ribosomal protein 49) mRNA
was detected, using oligonucleotide primers (5-GATCGA-
TATGCTAAGCTGTCGCAC-3' and 5'-CTCCTTGCTTC-
TTGGAGGAGACGC-3) (20).

Whole-Mount In Situ Hybridization to Qvaries
and Embryos of Drosophila and Polytene Chromosome
Hybridization—In situ hybridization with digoxigenin-
labelled probes (Boehringer Mannheim) was carried out
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according to the procedure developed by Tautz and Pfeifle
(21), and modified by Ephrussi (22). Polytene chromosome
was prepared from salivary glands of Drosophila Canton-S
and processed for in situ hybridization via standard
methods using a FITC-labelled DNA probe (fluorescein
isothiocianate ) (23).

Northern Blotting—Northern blotting was performed as
described previously (10, 24) using a 616 bp-DNA fragment
(nucleotide numbers +920 to +1535) of the coding region of
the Drosophila EDTP as a probe. As an internal control, a
fragment of the ribosomal protein 49 gene (rp49) transcript
was amplified.

RESULTS

Identification of the Drosophila Orthologue of the
Sarcophaga EDTP Gene—To obtain information about the
Drosophila orthologue of the Sarcophaga EDTP gene, we
searched for candidate Drosophila EDTP genes in the
database. We found that the EST ¢cDNA clone LLD05323,
which has an open reading frame of 163 amino acids,
showed 50.9% homology with the partial amino acid
sequence of Sarcophaga EDTP. Using this sequence infor-
mation, we isolated two hybridization-positive clones
via plaque hybridization. The clone containing the longer
insert was then sequenced. This insert contained an open
reading frame of 2,241 nucleotides corresponding to 747
amino acid residues. The deduced amino acid sequence was
rich in serine and threonine residues, which accounted
for 124 of 747 residues (Fig. 1A). This sequence showed
approximately 54.1 % identity over the entire sequence
with that of Sarcophaga EDTP. Furthermore, the putative
enzymatic active site of protein tyrosine phosphatase was
conserved between this protein and Sarcophaga EDTP,
indicating that this ¢cDNA is the Drosophila EDTP
gene. The amino acid sequence of Drosophila EDTP was
then compared with those of the flesh fly (Sarcophaga
peregrina) (10), human (25), and mouse (25) putative
homologues (Fig. 1B). These sequences were found to
have similarities with each other and conserved those
amino acid residues essential for a protein tyrosine phos-
phatase: Cys at position 427, and Arg at position 433 in
the Drosophila EDTP amino acid sequence. The lengths
of mammalian homologues were shorter than those of
the insects by approximately two hundred amino residues.
These data suggest that the EDTP gene is extensively
conserved in diverse species, ranging from insects to
mammals.

The Developmental Expression of Drosophila EDTP
mRNA—Sarcophaga EDTP is only expressed in oogenesis
and early embryogenesis, following which it is thoroughly
degraded by cathepsin L. We therefore performed North-
ern blotting to examine the expression pattern of mRNA
in the Drosophila EDTP gene during embryogenesis.
As shown in Fig. 2, the amount of Drosophila EDTP
mRNA detected during embryogenesis peaked in the
early and middle embryonic stages. Conversely, no signifi-
cant amounts of EDTP mRNA were detected in larvae
or pupae. We also could not detect the mRNA in newly-
emerged flies (mixture of male and female), probably
because the EDTP mRNA expression level is lower than
the limit of detection or we used immature young adult
flies. This expression pattern resembled that of the
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Sarcophaga EDTP gene (10). The results were confirmed

by the following experiment of whole mount in situ hybri-  oogenesis.

dization using embryos at various developmental stages.
As shown in Fig. 3, significant amounts of the mRNA sig-  Gene—We performed in situ hybridization of the
Drosophila salivary gland polytene chromosome in order
to identify the chromosomal region containing Drosophila
EDTP. We found that this gene is mapped at position
54B, consistent with information from the Berkeley
Drosophila Genome Project (BDGP) on the FlyBase web
expression of Drosophila EDTP during oogenesis. page (Fig. 5, A and B). There was no other sequence as
similar to the Sarcophaga EDTP in the Drosophila gen-
ome, indicating that the EDTP gene is a single copy gene.
Thus, the locus at 54B appears to be the only region to
encode the gene for Drosophila EDTP in the entire

nals were detected uniformly in the cytoplasm of eggs, and
embryos at stages 1, 5 and 11, respectively, but they had
mostly disappeared in the embryos at late embryonic
stage 15. Next, we performed whole mount in situ hybri-
dization using ovaries to obtain further information about

the

The positive signals were detected in the cytoplasm of
nurse cells at stage 5 and later stages. In addition, weak
signals were detected in the cytoplasm of oocytes (stages
9 and 10) during the maturation stages of ovarian

development (26) (Fig.4). These data suggest that EDTP  Drosophila genome.

A

GITTTTTTAGTCGCGGCTGTTTGACGTTTGTCGCT TTCCTCCGTTGCGAATATAATATATTACGTAGCTCATTTTTATACAAACGGAATTACGAGCGCAACGACGACAGCAACACTAGTA
GCACTAATCGTAAGCGCAGGGGCCAAAATTAAAT TGCGTTTGCGGCCGCAAAGAT TTGATGACGTCGCATACGCCGTCT TCTAGGGUG T AAAAAGCAAAGCAAAGCAAACAAACGCGAA
AGCGAAACGTGTAAACGGCGTAGAAGCGATAAACGCGACTCAAATACGCAGCAGATAAAATACAATACGCGAGAAGAGAAAAG TCACGGGAAATATTGTTCATATTCGGCGTCTTTCTGC
GAGCGTAAACGTGTGTGCGTGGGCT TETGCTT TTGCCAGTGTCOTGTGTGTTAAGTGCC TG TG TG TG TG TCTGATTAAGAAGATAT AMAGGAATATAACGG TAAATGCAGCGCCGCAAAA
*
ATGTGCAGCCTGACGCCAAACCACATGGTAAACGT AACGCAGCAGCACCTACACGATCTATTGGAAACT TTCGAAAAAAAGTCCTTCGAGGCGGCGGCCTTTGAGGAAGGGACGGCGGAG
M C8LTPNHMYVHNYITOQOQHTLUHEDLTLEITFEZ KI KSTFEA AAALTFETETGTAE
TACGACATCTCCAAAAAATGCGAATACCTGTTTAAGCTCGACTACAGCC TAAT TGAGCTGGA TAATACGAACGGATTGCTCAGTCOGUGATATCCTGGCCGAATACTCATCCCGGAATAT
YD IEEK KCEYLTFZ XKTLDT YESEL I ELDNTNGLULE§FP R Y P GRTIULTIZPESFY
GAGCACGGGCACATGGCCAAGACGCTGCTACCGGGAAATGGACTC TTCGGGCAAG T TCG TGGGGOAGTGGCAGE TGCAGGCTCCTCGLEAACAACCGCCACTGCCACGCC TCTGAACAGC
EHGHMAEKTLVPGNGLT FGQVY GGGY GGGGS SGETTATATTPLNS
AGTGCAGGAAGCACCGGAAGTGAGGGTGTGGGCATCCAAGCCTTTGTGACCTTTGCCAATCCCCTGCAGACGCAACAACAGCATCCGUTCCAGCAACAATATCCCTCGCAGCAGATGCAT
S A GEEIGESIE G V¢ I Q AF VERF 4 NPULOESEGQ @ Q HPLQQQTY PEEGQMH
CCCCTCCACGCGCAATATCCCTCCCAGCAGCCACATCCACTCCAGCAGCAGCAGCAGCAGCCATCGCAACAGCAACCACAAAA TACGATATACGAGGATCAGTATGATATCCAGCGAATG
PLHAQY P S QQPHPLQ@RQEQQQPSIEePINTTIVYETDRYDTIAQRHM
CGGGAATTGGTAACCATGGCCAAATATCCGAGATGCCG TCAAGATTCGCCGTGCCTCTCAT TATGTATCGCGGAAMMGTACATATGCCGC TCTGCCACGETATCCGTCATGCCAGAAACC
RELVTMAEKTY ARTCEROQRTFAVPVIMYRGETYTIT CRSATTLSVMPET
TACGGCCGAAAAGTGGTGGACTATGCCTACGACTGCCTGAGTGGCGGCAATTACACCGCGCCAAACGGAGAAGAGAACGATGC TGACTCCACGGACGAGTCGCTGATCACCCACATGCAC
YGRKVY YVYDYAYDCTLIGOGNTYPNAPNOGETEUNTDATDISTDEISL IFINHMH
GACCAGGCGCAGTCGCAGTTCAGCT ACGACGAAGTCATCAAGAGTGACATCCAGCTGCTGCATACGCTCAATG TCTCAACCAT TGTGGACCTCATGG TCCGAAAACCGCAAAATCAAATAC
D@ AQs5 Q@ F 8 YDEVYIKSDIGQLLUHTLNVYSTTIVYDLMYENTEREIEKTITEKSY
TTCATGGCCGTTTCCTCGTCAGAGAAAGCGGATCCOCAACAAGCACTATAAGAGCTTTAACCTTCTATCCCTGCCGTATCCGGGCTGTGAGTTCT TCAAAAAGT TCCGGGACAATAATTAC
FMAVYSSSE EKADPNIEKU HYZ KSFNLLSLPYZPGCETFTFIEKIEKTFRDNNY
ATGGCTCGCAACCTGCACTACAACTGGAAGCAAACGTTCAACGATGCGAATATCAACAT TCCCAACATGGGACCCGC TGCGGATATCGATGTGGCGTGG TCGGAGTACCGGGAT TGGGAT
M ARNLHYNWEAQTT FNIDANTINTIPHNMGPAADTITDVYV AWSEYRTDUWD
CTGGTGGCAATCACCCAAAACTATTTGAGAGC TACACTGAAATACGTGCAAGAGGAAACTCCGGCCTGCTGATTCACTGCATCAGCGGT TGGGATCGCACGCCACTGTTTGTCTCCT TG
LY A IBEQNTYLR RABEL K Y V QEENREBEG L L |I HCI S GWDIZ RT |P L F VERL
GTCAGGCTGTCTCTGTGGGCAGATGGACTCATCCATCAGTCGCTGAACGCCATGCAATGGCCTATTTCACACTGGCCTACGACTGGTACCTGT TTGGCCATCAACT TCCCGATCGCCTG
vVRLSLWADOGLTIUHGGSILNAMGQMAYTFTLAYDWYLFOGHOGQLUPTDTZ RIL
AAACGAGGCGAAGACATCATGTTCTTCTGCTTCCACGTGCTGAAGTTTATCACGGACGAGGAGTTCAGCATTGTGGAGCACCGCAAGCGCACCAAGACATCCAGCAGCAGCGGCAGTAGT
KRGEDTIMTPFTPFCTFHVLETFIESD EET FEHNI VEHRIEKTE EENKESESEE:LEE
GTAATAGTAATCAAATCCGATTGCTGCCACGATGAACCGCTCAAGGAAGACTACATCCT TTCGTTCGATCAAGATAGCAACGACAGC TACTCAAACTGTTCCAACTG TGATATGTCCATA
vIivIEKSDCCDDEZPLIZEKETDYTIULS FDgDSNDSY SNCSNTICDMSI
ACAGATAACTTCTATGCCACGACGCCGGCGCAAGTCAATCCGT TGACCAGCAGGTCGCCAAATCCGAAGAGATC TAGAACCAGCCCCATT TCAGTGCCCGGATCAAATGCGOGGCAAAGA
=D NF Y AFfINIEP A Q VNP LEESSEEESSEP NP K RISIRFEES|IP ISV P GESEN A R Q R
CAGGAGTCTACATCGTCCAATGGTAGCTGGCAGGTGGT TACCGACACGGGTTCAATTCGACTCCATGATGAACGGCAGCTACATGATGUGC TT TG TGGCGUAACAGGCAGCCGATGGTGGC
Q EST S8 N GIs|WaqQV VIRNDIDT G I DS MM NGESIY M MRFV A QQQAADGEG
GGCTCCTCAAACATTCCTTTATGCAATGGCGGCAATGG TTACCACTGCAGCATCAATGCAGCATCGAGTGGCAG TGGGAGCGGAAG TGO T AGCAGTATCAGTAACGGCAGCTCGACGCAC
GEaEE N I P L C NG GNGYHO CESI N A ARBSESH GESE GESHGES]CESSE T B58l N G ESERSETN H
GGTTTCGCAAACGGTTCCTCCAAAGACGTAGGCGGCAGCACTATGGCCAGCAAGCAATGCATCAACT TACGAAAGCAACGCCTGAATGCAGT GCGCGCCAT TTTTATACAAGCC TACGGC
G FANGISS KDV GGIS8TMASEKOQCTINLTI REKGSRLNAYVYRAIFIGQHAHKRYG
AAGACGATTGGACTGAAATTCAAGGAGGGCTCATCCATGAACCTGGCCACGTTCAT TGGGAACCTGGCGGACCAACTGTTTTGAG  AAAGGATTAGCAGCTATGACCGTTTGTTAGATTT
KFINI ¢ L KF KEGEIS M NLAJIF I G NLADUGELTF *
CATCAACATTGTTTGT TTCTTGTTAAGTGCTACGCTTTCAACCAACGACTGTATTATAGACCTGT TAAATTGCGTTCTTTAGTATCTGTTGACGATTGTG TAGTGTAACGGATTACTGAT
TACCGATAAGCATCGAAAGAACCAGGCGATCG TAGGCAACGAGCAAACAAAATCCTGTCGTCCTTCTGUCCOGHCTAAACCGC TCTCCTGTTCTCTAGG TTCTCCOGUTCCTTGTTTGTT
TAGTTATTAGTTCT TCGAGAATGCAAAGCAAG TGAAATATAAAATGCTATTTGGATTATACAATAGTTTTAAGT TGTAATTTATA GTAATGTATTTTTTAATAAACTTATGTGCATTTT
ATACG-polyA

Fig. 1. Continued
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is involved in the process of oocyte maturation during

Establishment of the Drosophila Line Deficient in EDTP
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MCSLTPNHMVNVTOQOHLHDLLETFEKKSFEAAAFEEGTARYDISKKCEYLFKLDYSLIELDNTNGLLSPRY PGRILI PEYEHGHMAKTLYV
————— MSTTIEVTOKDLHDLLEIFEKKFFDAGSCEKGSLEEDITNRCEFLFKKDYTLIELDNSNGVLSPRYPGRIFIPEYEHGHMTSTIT

PGNGLFGOVGGGEVGGEGGSSGTTATATPLNSSAGSTGSEGVGIQAFVTFANPLOTOOOHPLOQOYPSQOMHPLHAQ-Y PSQQPHPLOQQOQ
PNNTNLG-TQATNHAS POSGKNGNGLPHNPPSPSNSIASDSTTP-ST-SSGIQSFVTFANSATNDOQQTSNPLYNONY FPOLOHPIASTSN

QPSQOOPONTIYEDQYDIQRMRELVTMAKYARCRORFAVPVIMYRGKY ICRSATLSVMPETYGRKVVDYAYDCLSGGNYT-—AFPN-GEEN
SISNNTANDTIYEDLYDVNKVRELITMAKYARCROQRFAVPVIMYRGKY ICRSATISINAETYGRKAVDYAYDCINGTNY SERANHVADDE
————————————————————————————— MARCRGREVCPVILFKGKHICRSATLAGWGELYGR-S-GYNYFFSGGAD-DAWA-DVEDVT
————————————————————————————— MARCRGREFVCPVILFKGKHICRSATLAGWGELYGR-S-GYNYLFSGGAD-DTWA-STEDVT

DADSTDESLITHMHDOAQSQOFSYDEVIKSDIQLLHTLNVSTIVDLMVENRKIKY FMAVSSSEKADPNKHYKSFNLLSLPYPGCEFFKKFR
NNDNSEDSLMNPPLN-GQSQFSYEEVIKSDMOLLNSLNVITIIDLMVENRKIKY FMAVSSSERADPENHYESFNLVSLPYPGCEFFKKFR
EEDCALRS-GDTHLFD-KVR-GYD--IK-—--LLRYLSVKY ICDLMVENKKVKEFGMNVTSSEKVDFAQRYADFTLLSIPYPGCEFFKEYK
EEDFVLRS-GDTHLFD-KVR-GYD-—IK-——-LLOYLSVKY ICDLMVENKKVKFGMNVTSSEKVDKAQRYANFTLLSIPYPGCEFFKEYK
v v
DNNYMARNLHYNWKQT FNDANINIPNMGPAAD IDVAWSEYRDWDLVAITONYLEATL-KYVOEENSGLLIHCISGWDRTPLEVSLVRLSL
DNNYMAEGLHYNWKQS FNDATLSVPESGPARELNIDWSDYKNWDLVCITONYVKTCL-KY IKDEKSGLLIHCISGWDRTPLFISLIRLSL
DRDYMAEGLI FNWKQDYVDAPLSIPDF-LTHSINIDWSOYOCWDLVOOTONYLKLLLS LVINSDDDSGLLVHCISGWDRTPLFISLLRLSL
DREDYMAEGLI FNWKQDYVDAFLNIPNF-LTOSINIDWSOYOSWDLVOOTONYLKLLLF ITMNRDDDSGLLVHCISGWDRTPLFISLLRLSL

WADGLIHOSLNAMOMAY FTLAYDWY LFGHOLPDRLKRGEDIMFFCFHVLKF ITDEEFS-IVEHRKRTKTS5S5GSSVIVIKSDCC-DD-E
WADGLIHOSLNPYOMTYFTIAYDWY LFGHOLPDRIKRGEDIMFFCFHVLKY IMGEEFS-IAEQRRRTKTSS5S5GSSIVVLKCDSG-DESA
WADGLIHTSLEKPTEILYLTVAYDWFLFGHMLVDRLSKGEEIFFFCFNFLKHITSEEFSALKTQRRES LEARDGGEFTLEDICMLRREDRGS
WADGLIHTSLEKPAEILYLTVAYDWFLFGHMLVDRLEKGEEIFFFCFNFLKHITSEEFC-LETQRRKS LFTRDAGFTVEDICMLRHEDRGS

PLKEDYILSFDQDSNDSYSNCSNCD-MSITDNFYA-TTP-—=—=——=~ AQ--V-===NPL-—=———m e m TSRSFPNPK
SLKE-SLL-FDQDSNESFSNSSNCDNLPVTDGYYAPVTG-———-——————————————— PSTSTTAT-AQGSSVA-—-GNNPLTNRSPNLK
TTSLGSDEFSLVMESSPGATGSFTYEAVE LVPAG-APTQARWRKSHSSSPQSVLWNRPOQPSEDRLEPS-QQGLAEARS-S5S5S55SNHSDNEFE
TTSLGSDFSLVLEHSPGAVGSFSYETVE LAPAG-APTQARWRKSHSSSPQSMLWSRPOPSEERLEPS-HHGLTEAKS-55S55SNHSDNEE

RSRTSPISVPG-—-SNARQR-QESTSSN-GSWQVVTDTGSIDSMMNGSYMMREVAQOARDGGGSSNI PLCNGGNGYHCS INAASSGSGSGS
RSKTSPISVPG-ASARARQR—HESYSSTGGSWRVVTVTGSIDST-NGSLTKRMTEQRDD-————-———-———————————— SDNRDTSDNGENS
RMGSSPLEVPKPRSVDHPLPGSSLSTDYGSWQMVTGCGSIQ-——————— ERAVLHTDSSLPFSFPDELPN-—-——-— SCLLAALSDRET-—-
RMGSSPLEVPKPRSVDHPLPGSSLSTDFGSWQLVSGCGSIO———————— DREVLHTDSSLPFSFODELPN————— SCLLTALSDRET———

——————————————————————————————————————— RLOEVRSAFLAAYSSTVGLRAVAPS---PSGAIGGLLEQFARGVGLRSTSS
——————————————————————————————————————— RLOEVRSAFLAAYSSTVGLRAATPS-—-PSGAIGGLLEQFARGVGLRGTST

Cloning of cDNA for the Drosophila EDTP.
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acid sequence of the Drosophila EDTP (AB036800, first row) is

(A) Nucleotide and deduced amino acid sequence of the cDNA
encoding Drosophila EDTP. The deduced amino acid sequence of
Drosophila EDTP is shown below the nucleotide sequence. Nucleo-
tide and amino acid numbers starting from the first methionine
codon are shown to the right of each line. A putative active site
of protein tyrosine phosphatase is shown in the open box. Serine
and threonine residues are shown in shaded boxes. The poly(A)
addition signal is double underlined. The asterisks show the ter-
mination codons. (B) Comparison of the amino acid sequence of
Drosophila EDTP with EDTPs from other organisms. The amino

We identified several P-element insertions within the
Drosophila EDTP locus in the fly stocks of BDGP, namely
EP(2)0922, EP(2)2075, EP(2)2389, and 1(2)k6310b, which
are inserted in the region corresponding to 5-UTR of the

compared with those of Sarcophaga (AC013617, second row), puta-
tive Homo sapiens (BC018294, third row) (25), and putative Mus
musculus EDTP (BC018294, fourth row) (25). The numbers on the
right refer to positions in each sequence. Amino acid residues are
numbered starting from the first methionine residue. Gaps have
been added to indicate maximal sequence similarity. Residues con-
served in more than three sequences are shown in boldface type. The
putative active site of protein tyrosine phosphatases is shown in the
shaded box. Arrowheads indicate cysteine and arginine residues
essential for protein tyrosine phosphatase activity.

EDTP transcript. All of these strains are homozygous
viable. However, RT-PCR experiments showed that
EDTP transcripts were clearly detected in these homozy-
gous adult flies (data not shown). In order to investigate
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the function of the Drosophila EDTP gene during develop-
ment, we took advantage of the fact that transposase-
catalyzed excision of the P-element is often imprecise,
resulting in the deletion of flanking sequences (13). The
EDTP allele, EDTP?, was isolated by imprecise excision of
a P-element from line EP(2)0922, which was inserted in
the genomic region corresponding to the 5-UTR of the
Drosophila EDTP gene (indicated as an arrow in Fig.
6A). Introduction of transposase into the EP(2)0922 line
led to the isolation of one homozygous lethal mutation. The
deletion junction was cloned by PCR, and sequencing of

A 1 2 3 4 56 7

EDTP » ii

B

Fig. 2. Northern blot hybridization of Drosophila EDTP.
Total RNA was extracted from various sources, and 20 pg of
each extract was analyzed by RNA blotting. The probes used
were a fragment of Drosophila EDTP ¢cDNA (nucleotides +920 to
+1535) (A) and a ¢cDNA fragment of Drosophila ribosomal protein
49(RP 49) (a PCR product) (B). Source of RNA: lane 1, embryos at
an early developmental stage; lane 2, embryos at an intermediate
developmental stage; lane 3, embryos at a late developmental
stage; lane 4, larvae; lane 5, pupae at an early developmental
stage; lane 6, pupae at a late developmental stage; lane 7, adult
flies (mixture of male and female).

A B

Vol. 138, No. 6, 2005

725

the resulting genomic fragment revealed that this excision
deleted a 757 bp fragment containing most of the first exon,
and part of the first intron (Fig. 6, A and B). Nucleotides
corresponding to —472—+118 of the mRNA were thus
deleted, resulting in the loss of 5.2% (codons 1-39) of the
predicted coding amino acid sequence of Drosophila EDTP.
Additionally, introduction of transposase into 1(2)k6310b
carrying one P-element led to one homozygous lethal muta-
tion (data not shown). These two mutants, showing homo-
zygous lethals, fell into a single complementation group.
As expected, the RT-PCR experiments showed that EDTP
transcripts were not detected in homozygous embryos
derived from EDTP* (Fig. 6C). It is unlikely that any
of the small EDTP protein derived from truncated small
mRNA would remain enzymatically active because the
primer pairs were designed to amplify the region corre-
sponding to the conserved amino acid sequences of the
active site of protein tyrosine phosphatase. We therefore
concluded that EDTP? is a null allele of the Drosophila
EDTP locus.

To determine the lethal period of EDTP*, embryos from
CyO-pAct-GFP/EDTP” carrying GFP-balancer were col-
lected and scored by counting the number of hatchings.
Since GFP gene expression driven by the Actin 5C promo-
ter can be seen under UV light in first instar larvae, we can
distinguish between homozygotes and heterozygotes. We
found that 24% of the progeny failed to hatch, matching
the homozygous percentage for EDTP2. 76% of the progeny
hatched as first instar lavae. Among the first instar larvae,
however, 6.5% of the progeny which did not show GFP
fluorescence died soon after hatching (homozygotes,
EDTP*/EDTP?). These results indicate that homozygous
deletion of the EDTP gene is semi-lethal embryonically.
Cuticle patterings from these unhatched embryos were
not indistinguishable from wild type, suggesting that the
EDTP” mutation in the Drosophila EDTP gene does not
have a significant detectable effect on embryo segment
polarity (24). Another independently established mutant
line from 1(2)k6310b exhibited similar phenotypes (data
not shown).

Since EDTP was strongly expressed during oogenesis
(Fig. 4), we expected that deletion of the EDTP gene might
also affect oogenesis. To investigate the function of EDTP
in oogenesis, we generated germline clones of a null
allele of EDTP using the FLP-FRT-ovo® system (Fig. 7).

Fig.3. mRNAin situ hybrididation
pattern of Drosophila EDTP in
embryos. A 616 bp fragment of
Drosophila EDTP ¢cDNA (nucleotides
+920 to +1535) was used to make
antisense RNA. (A) Freshly laid egg
(stage 1). (B) Embryo at cellular blas-
tdermal stage (stage 5). (C) Embryo
at an intermediate developmental
stage (stage 11). (D) Embryo at a
late developmental stage (stage 15).
The bar indicates 50 pm.
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st.3
st.5
st.3
st.5
A st7 st.7
st.9 st.9
st.10 st.10

Fig. 4. mRNA in situ hybridization pattern of Drosophila
EDTP in the ovary. Ovaries were dissected and the 616 bp frag-
ment of Drosophila EDTP ¢cDNA (nucleotides +920 to +1535) was
used to make antisense RNA (A). The corresponding sense strand
specific probe was used in (A). (B) The figure shows a picture of
a single ovariole containing stage 3 (st3) stage 5 (st5), stage 7 (st7),
stage 9 (st9), and stage 10 (st10) egg chambers, respectively.
The bar indicates 50 pm in both A and B.

Fig. 5. Chromosome mapping of the Drosophila EDTP gene.
Salivary gland polytene chromosomes were hybridized with
digoxigenin-labeled Drosophila EDTP cDNA (nucleotides +920
to +1535). The hybridized regions were detected using a FITC-
conjugated anti-digoxigenin antibody. The arrowheads indicate
a signal detected at the 54B locus in dark field (A) and bright
field (B) and visualized by Giemza staining.

S. Yamaguchi et al.

B

CATGTTGTTT TI"I‘TEGI'CGC GGCTGTTTGA CGITTGTCGC TTTCCTCCGT TGCGAATATA
ATATATTACG TAGCTCATTT TTATACAAAC GGAATTACGA GOGCAACGAC GACAGCAACA
CTAGTAGCAC TAATCGTAAG CGCAGGGGCC AARRATTAAA TTGCGTITGC GGOCGCAAAG
ATTTGATGAC GTCGCATACG CCGTCTTCTA GGGCGTAAAM ACCAAACCAR AGCAAMCAAM
CECGRARGCG AARCCGTGTAA ACGOCGTAGA AGCGATRAAC GCGACTCAAR TACGCAGCAG
ATARRATACA ATRCGCGAGA AGAGARAAGT CACGGGARAAT ATTGTTCATA TTCGGCGTCT
TTCTGCGAGC GTARRCGTGT GTGCGTGGEC TTETGCTITT SCCAGTSTCSE TGTGTGTTAR
GTGCCTGTGT GTETGETGTEA TTAAGAAGAT ATARAGCGRAT ATAACGGTAR ATGCAGCECC
GCARRARTCT GCAGCCTGAC GCCAAACCAC ATGGTARACG TARCGCAGCA GCACCTACAC
CGGCCTTTGA GGRAGGCACG
TETETET WCATT

Fig. 6. Generation of a null allele of the Drosophila EDTP
gene. (A) Organization of the Drosophila EDTP gene. Exons are
indicated by boxes in which coding regions are shown in black and
UTRs are shown in white. The arrow indicates the EP(2)0922
insertion, and the region deleted (A) in EDTP” is indicated in
brackets. The bar indicates 1 kb (B). Wild-type genomic DNA
sequence at the junctions of the deletion. Exon sequences are
shown in bold and intron sequences are shown in non-bold letter-
ing. The P-element is inserted between base pairs corresponding to
nucleotides —464/-463 of the mRNA. The imprecise P-element exci-
sion in EDTP” resulting in the deletion of 757 bp of genomic DNA is
shown in brackets and corresponds to nucleotides —472—118 and
including the initiation codon of the mRNA. (C) CyO, an actin-GFP
balancer, was used to identify homozygous EDTP* embryos. RT-
PCR was performed using total RNA from EDTP” embryos (lane 1,
RT+; lane 2, RT-) and wild-type embryos (lane 3, RT+, lane 4, RT-).

When compared to wild-type controls (Fig. 7B), the sizes of
the mutant ovaries were smaller. In the ovaries, we
observed egg chambers from stage 1 to 4, but not from
stage 5 and later stages. Furthermore, no mature oocyte
was observed (Fig. 7E). These results suggest that EDTP is
an essential gene in ovariole development and plays a role
in stages later than stage 5. Judging from in situ hybridi-
zation data on ovaries, EDTP transcripts were expressed
from stage 5 and later stages (Fig. 4), which coincides with
the defects detected in the mutant ovaries. These data
indicate that EDTP is involved in the process of oogenesis
including oocyte maturation.
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DISCUSSION

EDTP is a novel member of the soluble protein tyrosine
phosphatase family, and is rich in serine and threonine
residues. In this paper, we have identified the Drosophila
orthologue ¢cDNA of EDTP. We showed that Drosophila
EDTP transcripts were detected in oogenesis and embry-
ogenesis and that the Drosophila EDTP gene is essential
in early development.

Some gene expressions are shown to be repressed during
oogenesis in Drosophila. Thus, the accumulation of mRNA
for EDTP gene does not necessarily ensure its translation.
However, the severe defects of EDTP deletion mutants in
oogenesis strongly suggest translation into EDTP protein
and its requirement in this stage (10, 27). The expression
of EDTP at the protein level should be further examined,
but it is highly probable that the EDTP protein is present
in oogenesis, considering the fact the Sarcophaga EDTP
protein was purified from an egg extract (10).

In two independently established mutant lines from
EP(2)0922 and 1(2)k6310b deficient in EDTP gene, a
small percentage of homozygous larvae with deleted
EDTP genes survived through embryogenesis, although
EDTP transcripts were only detected during oogenesis
and embryogenesis and not in subsequent developmental
stages. One possibility is that the function of the EDTP
gene in embryogenesis may be partially compensated for
by other protein phosphatases, because it is known that
protein phosphatases generally have relatively broad sub-
strate specificity (28, 29). The substrate protein of EDTP
can also be the substrate of other protein phosphatases.
The future identification of substrate proteins of EDTP
using, for example, a two-hybrid system, could help to
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Fig. 7. Ovarian effect of Droso-
| phila EDTP gene mutation.
Mutant ovaries were consistently
smaller in size (A and C; C is a sche-
7 matic drawing of A) compared to
63 those from wild-type flies (B and
D; D is a schematic drawing of B).
Ovaries were fixed and stained with
Hoechst in order to analyze egg-
chamber development within indivi-

G »2 y dual ovarioles. (E) In the mutant
2 o Y ovary, egg chambers from stage 1
8y to 4, but not from stage 5 and later

stages were observed. No mature
oocyte was observed. (F) Wild-type
egg chambers show one oocyte and
a regular array of large polyploid
nurse cell nuclei developing within
each follicle. (G) A magnified view of
(E). (H)is a schematic drawing of (E).
(I) is a schematic drawing of (F). (J)
is a schematic drawing of (G). The
bar indicates 50 um.
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determine the various molecular interactions and signal-
ing cascades involving EDTP. Recently, EDTP has been
identified in association with 3 ribosomal proteins includ-
ing RpS9 and a metabolic protein, Cyp28d1 (30). EDTP
may therefore be involved in protein synthesis or the meta-
bolic processes required for the dramatic changes which
take place during oogenesis and early embryogenesis.
Another possible strategy is to determine the genetic inter-
actions of EDTP with mutants in the genes known to play
roles in oocyte development for understanding signaling
cascades involving EDTP.

An interesting feature of EDTP is the rapid degradation
after fertilization; Sarcophaga EDTP is removed rapidly
from ooplasm by cathepsin L digestion at an early stage of
embryonic development, and is probably a prerequisite for
the subsequent embryonic development of Sarcophaga (10).
The cathepsin L gene expression in Drosophila and
Sarcophaga have been shown to be similar in oogenesis and
embryogenesis (11, 31), arousing our interest in a genetic
linkage between EDTP and cathepsin L in Drosophila.

So what is the possible function of mammalian EDTP?
While this remains to be fully established, a number of
interesting findings should be noted; first, the lengths of
the mammalian EDTP homologues were shorter than
those of the insects by approximately two hundred amino
acid residues. This suggests that some function based on
the deleted amino acid residues might have been lost dur-
ing evolution. Second, the deduced mammalian amino acid
sequences showed significant homology throughout the
entire range of sequences with those of insect EDTPs;
third, the putative enzymatic active sites of protein
tyrosine phosphatases were conserved in the diverse
organisms. Taken together with these data, it is suggested
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that the enzymatic function of the EDTP gene has been
conserved during evolution, even though the mechanisms
of oogenesis and embryogenesis in insects and mammals
have developed differently. Future investigation of the
roles of EDTP in protein biosynthesis and metabolism
may elucidate the common molecular cascades conserved
during the early development of divergent animal species.

The nucleotide sequences reported in this paper have been
submitted to the GenBankTM/EBI Data Bank with accession
number AB036800.We thank K. Nakahara for critically read-
ing the manuscript. This work was supported by Grants-in-Aid
for Scientific Research from the Ministry of Education, Science,
Sports and Culture of Japan (K. J. H.), Sankyo Foundation of
Life Science (K. J. H.), Core Research for Evolutional Science
and Technology of the Japan Science and Technology Corpora-
tion (S. N.), Japan Science for the Promotion of Science (S. Y.),
Uehara Memorial Foundation (S. Y. and K. J. H.). All fly stocks
were provided by Bloomington Stock Center at Indiana
University.
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