
haps heterochromatic) genomic region. 15. B. Arca, I. Livadaras, C. Savakis, unpublished The restriction patterns of three Gls from cage 1
In situ hybridization to salivary gland experiments. were identical to those of the 3.2-3.6 event. Evident-

16. L. J. Zwiebel et al., Science 270, 2005 (1995). ly, a GO male present in cage 3 had mated with a GOpolytene chromosomes (22) confirmed that 17. The w mutation was recovered as a spontaneous female of cage 1 before the GO flies were sorted into
the insertions are localized to different event in a laboratory strain and has a "bleached cages.
chromosomal positions; insertion 3.1-3.3 is white" eye phenotype in the homozygous form. In 25. Membranes were prehybridized for 6 hours at 65°C

addition, wiw larvae have white malpighian tubules. in 7% SDS, 0.5 M phosphate buffer (pH 7.4), and 1
at 51A (4L), 3.2-3.6 is at 94A (6R), and Extensive breeding of the w strain has shown that it is mM EDTA. Hybridization was for 12 to 14 hours at
25.8-25.9 is at 51C (4L). The two insertions stable; no phenotypic revertants were recovered 65°C in 7% SDS, 0.5 M phosphate buffer (pH 7.4),
in line 25.7 are localized to different chro- from over 105 flies. (I. Livadaras, M. Vasilaki, K. Pan- and 1 mM EDTA. Excess probe was removed by two

mosomes: a65 aethymitakis, C. Savakis, unpublished data). 1 0-min washes with 5% SDS, 40 mM phosphatemosomes: at 65C (5L) and at the X chro- 18. Vector pMiNot was constructed by replacement of a buffer (pH 7.4), and 1 mM EDTA at 65°C, followed by
mosome [heterochromatic network (23)]. 644-bp Msc fragment that contains the 60-bp in- a 20-min wash at room temperature with the same

In summary, two independent transfor- tron and part of exons 1 and 2 of the Minos trans- buffer prewarmed at 65°C.
mat eeersntdaogthe GI prog-

. posase gene by a Not linker. 26. We thank our colleagues L. J. Zwiebel, G. Sac-mants were represented among the G1 prog- 19. For egg collecting, flies were mass-reared in popu- cone, A. Zacharopoulou, N. Besansky, G. Favia, F.
eny of cage 3, two in cage 25, and one in lation cages at 24°C. Eggs were collected at 24°C Collins, C. Louis, and F. C. Kafatos for sharing the
cage 33 (24). Only one of these five trans- for 60 min and then were dechorionated, dessi- C. capitata cDNA-Hsp7O fusion before publication;
formants (25.7) had a second (phenotypical- cated, and microinjected at 180C with a mixture of A. Klinakis for help with plasmid construction; A.

helper plasmid (100 jig/ml) and transposon plasmid Zacharopoulou for help in reading medfly polytenely silent) event in the same germ line. We DNA (400 ,ug/ml) as described forDrosophila embry- chromosomes; and F. C. Kafatos for critical read-
cannot determine whether the different os (1). ing of the manuscript. B.A. was supported by a
transformants from the same cages are de- 20. A. C. Mintzas, G. Chrysanthis, C. Christodoulou, V. European Union (ERBIOT/CT92-5004) training

J. Marmaras, Dev. BioL 95, 492 (1983). grant. The work was supported by a John D. andrived from single or multiple GO parents. 21. T. G. Loukeris, I. Livadaras, B. Arca, S. Zabalou, C. Catherine T. MacArthur Foundation grant, by a Eu-
The overall frequency of phenotypically de- Savakis, data not shown. ropean Union (AIR3/CT92-0300) grant, and by
tectable transformation events (5/390 GO 22. A. Zacharopoulou et al., Chromosoma 101, 448 funds from the Hellenic General Secretariat for Re-(1992). search and Technology.adults) is sufficient for producing several 23. A. Zacharopoulou, Genome 33,184 (1990).
transformants from a single experiment, be- 24. Data for transformants from cage 33 are not shown. 15 August 1995; accepted 8 November 1995
cause thousands of embryos can be injected
and hundreds of GO adults can be obtained
within a week with the use of a relatively The white Gene of Ceratitis capitata: A
simple experimental setup. Because of the T

simplicity and safety in handling and deliv- Phenotypic Marker for Germline Transformation
ery inherent with DNA vectors, transposable
elements with wide "host range," such as Laurence J. Zwiebel, Giuseppe Saccone,
Minos, coupled with appropriate phenotypic Antigone Zacharopoulou, Nora J. Besansky, Guido Favia,*
markers, could be the vectors of choice for Frank H. Collins, Christos Louis, Fotis C. Kafatost
germline transformation of insects of agricul-
tural and medical importance.
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Ag QVWK PKNYGNN KGGQ IPQCRA.LNTWKEINGEAPTWPWEP CLJ NN(1S1v1)11CtC1 i rti
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Con - F C N F N H P -P N K F L L K N'C V A Y P F CCA VMNGSN CA~ K TCL L N ALANNRb C etflit AA~IilINt I
WA (~~~~~~JC11 CRB) pYroductst A the expectedi
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- 7At tJ, tlF)rAel, irld idetiCtItitd Iv
Ag PP NYKV NP A VAA PVPNSA E LAR A CAC AYVQ CDC L FPN -LTCLT HENLL l)\ >~LFA~A 7-AIF~u F S

Con G VC QGI N P N - V A N L A G -PVND A K F A Q A A C A CYVQQ CCD C LTCARNEHALI P LA\ST Nl Akiyi ( I I). Oine FA thes . ICRB
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Ag ADMLLR MGLR NVPAN j AAS NH 5RV N_vLLF LSNL YVfl DTCIIN F A tCKCrom CFLIA \6 Id-tvp niNedfly tDNA (1 2) ThIS
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Con ALAN FA EALT C P P L L IDCC PPT NY L DYSAM A NYCVGJ CL KF F_C N FK F,TVCCLTC lcINtNir DNA (cDNA) library (14). Thi>
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con PNN--Y'L E T LNPF- - -C--C v AF-ACN-R Fig. 2. Radtial tescue ot the white-eye phenotype
In adulIt D. mNe/aPnogaster. A heat shock-inducible

Fig. 1. Amino acid sequence alignment at Dipteran w gene products. the ptedicted sequences at tICe w exptession cassette encomipassing the m-edtly w



tire protein length indicates that the mnedfly conspecific transformants have been shown five rounds of PCR screening to yield a clonal lysate
sequence is cioseiy related to the w gene to reSCuie the white-eye phenotype by re- for plaque purification that used pCcWl as a probe.In vivo excision (Stratagene Cloning Systems) of thisproduICtS of D. melanogaster (8) and L. cup- storing partial and variable eye color (26). purified phage yielded phagemid containing the 2.3-
rina (9) (85 and 82% identical, respectively), AduIlt Drosophila transformants carrying one kb cDNA insert denoted pCcW2.
whereas the corresponding sequience of the copy of the mnedfly w insertion showed a 14. 5. Brogna, G. Gasperi, T. G. Loukeris, C. Savakis, inpreparation.mosqUito Anopheles garnbiae (16) is some- sim-ilar dark peach eye color if heat-shocked, 15. The ORF corresponds to nucleotides 88 to 2125 of
what m-ore divergent (62% identical). The as compared with the unpigmented yw pa- pCcW2. DNA sequences were analyzed with BEST-
putative medfly w gene produICt is less similar rental strain (Fig. 2). Therefore, we predict- FIT or PILEUP programs (or both) of GCCG software

to insect pgi-nenttrasporters enoded by ed hat this clned gene my also be ueDevereux,DvP.eHaeberlae,e0.iSmithies,ieNuc/eicicAcidsto insectpigment tansporter encoded y ed thatthis cloed gene my also beusedeas Rs. 12,738 (1984)]
the topaz gene of L. cuprina (9) (37% iden- a dominant transformation mTarker in the 16. N. J. Besansky et a/., Insect Mo/. Biof. 4, 217 (1995).
tical) and by the scarlet (17) and brown (18) medfly to effectively detect germ-line trans- 17. R. G. Tearle, J. M. Belote, M. M. McKeown, B. S.
genes of D. melanogaster (35 and 31% iden- formants in the medfly w genetic back- 18 Baker, A. J. Howells, Cenetics 122, 595 (1989).

1.T. D. Dreesen, D. H. Johnson, S. Henikoff, Mo/Celltical, respectively), ground. This prediction is confirmed in an B/o/. 8, 5206 (1988).
The high sequence sim-ilarity to the w accompanying report (2). 19. C. F. Higgins, Annu. Rev. Ce// Biol. 8, 67 (1992).

gene products of other insects also involves 20. J. E. Walker, M. Saraste, M. J. Runswick, N. J. Gay,
identity in characteristic fuinctional, motifs REFERENCES AND NOTES 2.EMBO J. 1, 945 (1982).__________________________21_ M. Saraste, P. R. Sibbald, A. Wittinghoger, Trends

(Fig. 1. Inth NH,-teminal rgion, a
1. L. H. Miller et a/., Science 237, 779 (1987); A. C. Biochem. Sci. 15, 430 (1990).248-residue segment of invariant length Morris, P. Eggleston, J. M. Crampton, Med. Vet. 22. Localization by in situ hybridization of the w gene to

cotisthree motifs representing the Entomol. 3, 1 (1989); 0. A. O'Brochta, W. D. Warren, the distal end of the 650 subdivision in medfly chro-contains ~~~ ~~~~~~~K aie, .W tino,Ml.Gn ent 4,
mosome 5L was performed as previously described

adenosine triphosphate-binding cassette of K. J194.SVie. Wcrne.Atkin rson,Mo.CeR.GMlenetB.244 [A. Zacharopoulou, Cenome 33,184 (1990)]. A small
the ABC active transporter superfamily of 9(1994) Vm.MGaeJ.Trp 0e. Carlson, B.2R.1illr, . deletion spanning this site arose in a cross between
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which is thoulght to be the site of phosphate 3.ol.D. Christenson anP.. Footen, AnnFuit Rlev. Tento small number of both male and female w individuals
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er B" motif (19); and a generally defined vo. 3B, pp.urer3950hl. aortryHndok
assayed for white-colored malpighian tubules and for

signtureconsnsusfor this class of pro- 4.oM.AShbriner Darbosoh/arLaborator,ClSpingHandbook the cytology of their salivary gland polytene chromo-seignaturlconsensusentetw ake

(Col Spigabr9aoat9,odSpigHabr somes. All larvae had white malpighian tubules andteins, located betweenthetwo Walker mo- NY, 1989). ~~~~~themajority were heterozygous for a deletion span-
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esis that the putative w gene homolog is 8. K. O'Hare, R. Levis, C. Rubin, Proc. Natl. Acad. Sc/. and introduced into the germ line of ry-516 flies ac-
impaired in the spontaneous white-eye U.S.A. 80, 6917 (1983). cording to standard protocols [C. M. Rubin and A. C.

medflymUtatin (2):This rcessiv muta-
9. A. Elizur, A. T. Vacek, A. J. Howells, J. Mol. Evo/. 30, Spradling, Science 218, 348 (1982)]. Resultantmedfly muttion (2):This recesive muta- 347 (1990); A. Howells, personal communication. transformants were selected for ryl eye color, and

tion iS uincovered by a small deletion that io. C. Savakis, personal communication, two independent lines, carrying the insertion on
spans the 65C subdivision of chromosom-e 11. PCR products were gel-purified, ethanol-precipifat- chromosomes 2 and 3, respectively, were estab-
ari- 5L, including the site of in situ hybrid- ed, and ligated into a modified PCR cloning vector lished by segregation with appropriate balancerprepared as previously described [0. Marchuk, M. stocks.ization of the putative w clone (22). This Drumm, A. Saulino, F. S. Collins, Nuc/eic Ac/ds Res. 26. V. Pirrotta, in Vectors. A Survey oftMolecular Cloning
site is consistent with previous molecular 19, 1154 (1993)]. Insert-containing clones were Vectors and Their Uses, R. L. Rodriguez and D. T.
and genetic evidence (23) for persistent identified by restriction digests (27) and were se- Denhardt, Eds. (Butterworths, Boston, 1988), pp.
synteny of X-linked genes and identifica- quenced by the dideoxy method. DNA sequences 437-456.were analyzed with BLAST software [S. F. Alfschul, 27. J. Sambrook, E. F. Fritsch, T. Maniatis, Mo/ecu/ar
tion of the medfly 5L chromosome with the W. Cish, W. Miller, E. W. Myers, 0. J. Lipman, J. Mol. Cloning: A Laboratory Manual (Cold Spring Harbor
X of D. melanogaster (where the D. melano- Biol. 215, 403 (1990)]. Laboratory, Cold Spring Harbor, NY, 1989).
gatrwlocusreis) 12. A medfly library was generated with total genomic 28. Males from each homozygous line (25) weregaster w resides). ~~~~~~~DNAfrom adult wild-type medflies (Benakeion stra'in, crossed to yw virgin females, and progeny were
Definitive proof that the cloned medfly IMBB, Heraklion, Crete, Creece). A partial Sau 3A subjected to daily 60-min heat shocks at 370C

cDNA is w and that it can function across digest was fractionated on a sucrose gradient (27), throughout development. Representative speci-
an evoluItionary gap of 100 to 120 million and fragments with high molecular weight were col- mens were photographed on Kodak Tungsten filmlected. These fragments were treated with calf alka- with a Wild MP551 stereomicroscope. In the ab-years (24) was obtained by heterologous line phosphatase and ligated into lambda DASH II- sence of heat shock, transfoirmants- displayq mucjh
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Identification of a Member of the MAPKKK aTEF7"11i;urLaiotR iMl the yc.est pliero-F. , ,. X . , , . . s_ . nwolav~~~~~~~~~~~-i1IC-li1UCCC MAPzK p.atTliw (3); 1an.icti-Family as a Potential Mediator of TGF-| Signal mrmminalian RAf (RafAN ) or
Transduction StEKKI (MEKKIt AN)i 111 SLhStitentor

SteXllp|'(I *t ivi ty il >Stc7p-1 I 13o I X, nJ, t

Kyoko Yamaguchi, Kyoko Shirakabe, Hiroshi Shibuya,* Ihlflniertis mtionitorned N the histidine plien-io-type (HIS) cont'erredi by the mi-ating pathwa~y_Kenji Irie,* Isao Oishi, Naoto Ueno, Tadatsugu Taniguchi, p reporter ene F lilp:HI v(ig
Eisuke Nishida, Kunihiro Matsumoto 113). WC u.Sed1 this appnroch to screen-l a1 Co1rn-

plemientary DNA (cDNA) expression libralry
The mitogen-activated protein kinase (MAPK) pathway is a conserved eukaryotic signaling (4) from a Inuiriine cell line, BAF-B03, for
module that converts receptor signals into various outputs. MAPK is activated through MAPKKKs that 1m1ight SuLppress the trainscrip-
phosphorylation by MAPK kinase (MAPKK), which is first activated by MAPKK kinase tiona(l defect of stel IA STE7'1' cells. Onec
(MAPKKK). A genetic selection based on a MAPK pathway in yeast was used to identify ctDNA clone was isolated that activated the
a mouse protein kinase (TAK1) distinct from other members of the MAPKKK family. TAK1 V S.' Ip::HINS rceporter genc in ai Ste7plw>13(
was shown to participate in regulation of transcription by transforming growth factor-3 depenideint imainncr (Fig. 113). Thi.s cDNA en-
(TGF-3). Furthermore, kinase activity of TAK1 was stimulated in response to TGF-j and codes ai protein kinase, which we designated
bone morphogenetic protein. These results suggest that TAK1 functions as a mediator TAK1 for TGF-3-activated kinase.
in the signaling pathway of TGF-[ superfamily members. To obtainI (I ftll-lcrigth clonc, We

scrececned the samiet cDNA library with the
TAK1 cl)NA insert as ai probe and five
Alones were idtentifited. Fotur clineis con-

Activa tionl of NA'4APKs after ligand bindlilng none (2). This signalingi cac1adCe1C1c Conlsists dt tamelild cDNA corrcspo(ndin1g to anl additioll-
to va-rious receptors has been correlated the Ste llp, Stc7p, anid Fus3p) olr Kss lp k-i- al -230 ba,.sc pairs of SeCqluence in the 5'
With nulmncroLIScellular respon-ises, inIcludinglll na<>se's, which corresp(ond to NMAPKKK, r-Cegion (5). Thei full-leng-th TAKI cDNA
proliferationI, differcnitiation, and r(g,tltLtiinn MAPKK, mian] MAPK, respectively. These cncodes ai protein of 579 (amiiino acids (Fig.
of. spevcific mct-ab(olivc pathways in differeni- IIeast r-ites aIct secluelntially to transmit a A). Thc' primary sequence of the TAK1
tieted cell types. The MAPK signlt trans s tn the traniiscription tfactor Ste12lp, protWin comntains a pLtttiVC NI I-terminal
dLuCti0on patlhwaysWrS include thiree pr()tein ki- whlich aIctivaites transcriptioni (,tf n1imtinlg-spe- protein kinaise ca(italytic d(olain and a 300-
nrses, MAI'KKK, MAPKK, anld MAPK; cifiC "lenes sutLchI ais Fl ,M (Fig(. IA) (2). We residuLe C(OOH-terminal dtom(ain (Fig. 2B).
MAPKKK phosphorylates and ctivtes de\elopCpd a1 geletic plinproach tfr theaissay ot The catalytic do1main contains consenistus
MAPKK, whiclh in tuirinr ma.mmaliai MIAPKKK aictivity that relies 0Inl sequenbCilces that correspo)nd to protein kinase
activatcs MAPK (1). ThIs,SMAf'K cascaides
constituite ftLunCtionIAl Units thalt cioipleutp-
streCti1i1nput signals to a variet= of OiUtputs. A Mating Fig. 1. Screening for mammalian MAPKKK fam-
Several MAI'K cascades have been icleti- pheromone ily members in yeast. (A) Model for the yeast
fieci and(1 charaXteri:edl inl ornanliismlls1 dV G protein pheromone-stimulated MAPK pathway. TheG^r^ protein -npheromone-stimulated MAPK pathway induces

vUr.c' yeast anc tamnals c(,). .It transcription of mating-specific genes such asbudngl]tl <yeast Saeehoroirnvees eeetil.SiO cit MAPKKK Stel1p StellpA RafAN:MEKK1AN FUS1. The FUSIp:.:.HIS3 reporter gene comprises
least six MAPK pathways have been den- the FUSI upstream activation sequence joined to
tified-1 an1 indCividual MAI'K catscadecs relni- MAPKK Ste7p Ste7pP368 Ste7pP368 the HIS3 open reading frame, and allows signal
late dlistinct responses (2). This imarked re- activity in a his3A FUS1p::HIS3 strain to be moni-
iteratition in yeClst SuLg(Yests that ai simlar1- Fus3p Fus3p Fus3p tored by the ability of cells to grow on medium
reiteratior ot .signal" transdLucti()on imodtilcs MAPK Kss1p Kssl p Kssl p lacking exogenous histidine (His phenotype). A
iay cxxist ill it<tintualialln cells to med.iate hdis3A stel tA FUS1p.::H/S3 STE7"' (proline sub-
respinOlses to differcit extricelltilar stimil li. FUS1 FUSlp::HIS3 FUS1p::HIS3 stitution at serine-368) strain has a His phenotype

One it the MAI'K paithways iM S. ce7crti- because the activity of Ste7pi9 ("' is dependent on
Moc coiitrils the response ti mating,phro HIS- HIS+ the presence of the upstream Stel 1 p MAPKKK (3).

Expression of a mammalian MAPKKK such as
________________________________________ RafAN or MEKK1 AN in this strain confers a His'

K. Yamaguchi, K ri,e K. Matsumoto, Departiernt ofMo, phenotype (27). (B) Suppression of the ste11A mu-
lecuilar Biology. FUacilty of Science, Nagoyai University. Vctor MEKK1 tation by mammalian genes. Strain SY1984-P
Chikusa ko, Nagoyca 464 01,! Jcap<arn. { ector AN (his3A stel A FUS lp:.HIS3 STE7i was trans-
K. Shircakabe cccl F. Nishicila Departmaent of Gen1etics iiied fre ihvrosnamd 1adec rn
MolevlaHr Oiology, Institaste for Viruis Resecarch, Kyot omdwt varou pls ids(7)i nectas
University, Sakyn kni Kyoto 606 Ut, Japcan. torment was streaked onto SC-His plates and in-
H. ShnbLiya arid N. UJeno, F7aculty of Pharmacceuticcal Sci / cubated at SD}C. Plasmids were as follows: (upper
ences, Hokkaido University, Sapporo 060. Jcapan. _ Vector TAK1i panel) YCplac22 (vector) and pRS314PGKMEK-
I. Ohis1in cccl T. Tanigic hi. instituite for Moleculcar cccld KOAT (MEKK1 AN); (lower panel) pNV1 1 (vector),
C.elluilar Biology, OsakaJnive(rsity, Sulite sin, ODsalka960]_ RAF flTAKi pNVl 1-HU1 iF (TAK1), pADU RafAN (RatAN),

Japan.~~~ ~~~ ~~~~~~ W AN AN Dm1lApNV11 -HUll1 (TAK1iAN).
-To whcnm1 cnDcrespoccleDc e sinosid he caddre ssed.-
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