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2/+ were analyzed. The gene minus has a cytological location at the region 59 D9-Cl of the chromosome 2. The analysis
by light microscope did not reveal any chromosomal rearrangements in this and close to this region. However, we can not
exclude the microdeletion which is detectable only by molecular genetics methods. Mutations abb, mi, mr and slite (sIt;
2-l 06,7) constitute a group of genes with the similar phenotypical expression, which are located within the limits of a
small chromosomal region. Possibly, the genes responsible for the normal development of imaginal disks are located in
this chromosomal fragment. The abnormalities of these genes may cause the arising of phenotypically similar mutations.
On the other hand, the mi-#8938l allele described above is related by phenotypical expression to the gene morula. The
minus and morula genes are probably the duplications of one and the same gene, which diverged in evolution. The
analysis of functioning of such genes, the knowledge of their pleiotropic effect, peculiarities of expression of different
genetic variants are necessary for solving the problems of genome evolution, chromosome strcture and regulation of
gene expression.
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ATP citrate lyase (ATPCL) catalyzes the
conversion of citrate and CoA to oxaloacetate and
acetyl-CoA. Acetyl CoA is an essential intermediary
metabolite in the biosynthesis of cellular fatt acids and

cholesterol (Komacker and Lowenstein, 1965; Sullivan
et aI., 1973; Singh et al., 1976). ATPCLs have been
cloned from the rat (Elshourbagy, et al., 1990; Kim et
al., 1994) and the human (Elshourbagy et aI., 1992).
We report here a partial ATP citrate lyase cDNA from

Drosophila melanogaster, denoted DmA TPCL.
While screening aD. melanogaster Canton S 2-l4 hour embryonic cDNA library (Stratagene) with antibodies to

candidate gap junction proteins (Ryerse, 1993, 1995), a clone was isolated with sequence homology to A TPCLs from the
humananCl rat.The nucleotide sequence of the D. melanogaster A TI'eL _cDNAis l623 bps in length (includig_the
polyA tail) and contains an open reading frame which codes for a protein of39l amino acids (Figure l).

GCG PileUp alignment of the human, rat and fly A TPCL amino acid sequences is shown in Figure 2. The fly
sequence is proximally incomplete, beginning at amino acid 710 of the human sequence. In the region of overlap,
DmATPCL has 75.5% and 75.7% identity with human and rat ATPCLs, respectively (GCG BESTFIT analysis).

Human and rat A TPCLs contain domains which are considered essential for enzyme function (Elshourbagy et
aI., 1992), including a catalytic phosphorylation site at His759, two ATP binding domains (aa 700-720 and 75l-777) and
a potential acetyl-CoA binding site (aa 778-788). His759 is phosphorylated by nucleoside diphosphate kinase and ATP
(Wagner and Vu, 1995). His759 is conserved in the DmATPCL sequence. DmATPCL has 64% identity with the first
ATP binding domain, 74% identity with the second ATP binding domain and 50% identity with the putative acetyl-CoA
binding region in the human sequence (Figure 2). A TPCL is thought to associate with the A TP conducting voltage
dependent anion channel (VDAC) in the outer mitochondrial membrane (Brdiczka, 1990), presumably for ready access to
newly synthesized A TP. DmA TPCL has been assigned Genebank accession number U873L7.
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Figure l. Nucleotide and amino acid sequence of DmA TPCL. * = stop codon.

5' 1 aaaeeaagetgattgteettttaggagaggttggtggaaeegaggagtae1 TKL IVLLGEVGGTEEY
51 gaegt t tgtgeege te tgaaggaeggaegta t taeeaageete tggtggee17 DVCAALKDGRITKPLVA

102 tggtgea t tggtaeetgegeeagea tgt t tae t teggaagteeagt t tgge
34 W C I G T CAS M F T S E V Q F G

153 eatgeegga teetgegegaaeteegaeegagagaeggetaeggeeaagaae
51 HAG S CAN S D RET A T A K N

204 aagggtetgegaga tgeeggegeetaegt teetgattegt tegaeaegetg
68 K G L R D A GAY V P D S F D T L

255 ggtgaaetea teeaeeaegtgtaeggegage tggt taagae tggtegagta
85 GEL I H H V Y GEL V K T G R V

306 gtgeegaaGgaggaggtgeeaeeaeeaaetgtgeeea tggat tat tegtgg
102 V P K E E V P P P T V P M D Y S W
357 geeegegagetgggtet tat tegeaageeegegteat tea tgaegtega te119 ARE L G L IRK PAS F M T S I
408 tgegaegagegtggeeaggaget tatetaegeaggaa tgeegateagegag136 C D ERG Q ELI Y A G M PIS E
459 gtee t tageaaggaegteggea t tggeggtgtea teteae tge ta tggt te
153 V L S K D V GIG G V I S L L W F
510 eagegetgeetgeet teataegtgtgeaagt tet tegaga tgtgeetgatg
170 Q R C L P S Y V C K F F E M C L M
561 gt taetgeggateaeggteeegeagt t tetggggeteaeaaeaeeat tgtg
187 V TAD H G P A V S G A H N T I V
612 tgegeeegtge tggeaaggaeetggtgteeteagtegtgageggtet tetg
204 CAR A G K D L V S S V V S G L L
663 acta tegggga tegat t tggaggegeeetggaeggateggetegaeagt te
221 T I G D R F G GAL D GSA R Q F
714 tetgaggea taegaeaeeaaee tgeaeeeaa tggagt tegtaaaeaag a tg
238 SEA Y D T N L H P M E F V N K M
765 egeaaagagggeaaget ta tee tgggta t tggeeaeegtgtaaagteeat t255 R KEG K L I L GIG H R V K S I
816 aataaeeeegatgtgegegtgaaga teat taaggaat tegtaetggagaae272 N N P D V R V K I IKE F V LEN
~ 6J _~tee~tgeg~gt~~aet tet~aaa ta~g~çt ~ggaggt tgagaagat taee289 F PAC P L L K Y ALE V E KIT
918 aeeaaeaagaaaeegaa te t ta tee teaa tgtggaeggtgtga tageeaee
306 T N K K P N L I L N V D G V I A T
969 gea t ttgtagaea tgetgegtaaeageggeteat t taeeagtgaggaagea
323 A F V D M L R N S G S F T SEE A

1020 eaggagtaeat taa tgteggegegateaaetegt tgt tegttetgggeege
340 Q E YIN V G A INS L F V L G R

1071 agea tagga t t ta t tggeea t taea tgga teagaaaegte teaaaeaggge
357 S I G FIG H Y M D Q K R L K Q G

1122 e tgtaeegtea teegtgggaegaea tetea taegtea t teeegageagtae
374 L Y R H P W D DIS Y V I P E Q Y

1173 aae taaggegtgetgatgaageegegaega tgtta ta tata ta t t tageta
391 N *

1224 tataeaageatata ta t ta t teggaagt tgt tgtagt taageaeagatgta
1275 tgatgt taggeaaagaggteaeeegeteeaetggatggaaggateeat tga
1326 ggte tateegegeatgtgaeteteeeeaga teeet tteeeteteaet tate
1377 etgeat ttaaagt tettaagt taeea tea t taeee tegt tgt t tt tgtaag
1428 ege tgegtgteeeeggageeet taggggt t ttggaatetagaeetagt taa
1479 atetagtge teegageggeaeaaeaeaeeagtaeeeggeataaea t ta t t t
1530 tga tae t t t ta tae t t tagt t tgga tge teaeaa t tgte tagaeaaeaaga
1581 gaa taaat tgt tgeaaaaget taaaaaaaaaaaaaaaaaaaaa
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Figure 2. Comparison of human, rat, and fly A TP citrate lyase amino acid sequences.
* = identity, - = no amino acid.

Hum MSAKISEQT GKELLYKIC TTSAIQNRK YARVTPIYDW ARLQDHPWL 50
Rat ********** *******y** ********** ********** *H********
Hum LSQNLWKPD QLIKRGKLG LVGVTLDG VKSWLPRLG QEATVGKATG 100
Rat ***8****** ********** ******8*** ********** H*******K*
Hum FLKNLIEPF VPHSQAEEFY VCIYATREGD YVFHHGG DVGDVDAKQ 150
Rat ********** ********** ********** ********** ******T***
Hum KLLVGVEK NPEDIKKL VHPDDKKI LAFISGLFN FYDLYFTYL 200
Rat ********** *A****R*** ****E***** ********** **********
Hum EINPLVVKD GVDLA VDATADYICK VKGDIEFPP PFGREYPEE 250
Rat ********** ***1****** ********** ********** **********
Hum AYIADLDAKS GASLKLTLLN PKGRIWTA GGASVSD TICDLGG 300
Rat ********** ********** ********** ********** **********
Hum LAGEYSGA PSEQQTYDYA KTILSLMRE KHPDGKILII GGSIANTNV 350
Rat ********** ********** ********** ********** **********
Hum AATFKGIVR IRDYQGPLK HEIFVG GPNYQEGLRV MGEVGKTTGI 400
Rat ********** ******5*** ********** ********** **********
Hum PIHVGTETH MTAIVGMAG HRPIPNQPPT AATANLLN ASGSTSTPAP 450
Rat **** * ** ** * *** * * * * *WA -PA * * * ** * * * * ** * * ** ** ******* * * *
Hum SRTASFSESR ADEVAPAK KPAMPQDSVP SPRSLQGKST TLFSRHTKAI 500
Rat ********** ********** ********** *********A **********
Hum VWGMQTRAVQ GMLDFDYVCS RDEPSVAA YPFTGDHKQK FYGHKILI 550
Rat ********** ********** ********** ********** **********
Hum PVFAM RKPEVVLI NFASLRSAYD STMTMAQ IRTIAIIAEG 600
Rat ********** K********* ********** ********** **********
Hum IPEATRKI KKKGVI IGPATVGGIK PGCFKIGNTG GMLDNlLASK 650
Rat ********** *****----- ---------- -----_____ __________
Hum LYRPGSVAYV SRSGGMSNEL NNIISRTTDG VYGVAIGGD RYPGSTFMH 700
Rat -*****--** ********** ********** ********** **********
Hum VLRYQIYPGV KMIVGEIG GTEEYKICRG lKEGRLTKPI VCWCIGTCAT 750
Rat VLRYQDTPG * * * **** ** * * ** * * * *** * * * * **** * *V *** * * *** * *
Dm T KL**L***V* *****DV*AA L*D**I***L *A*******S
Hum MFSSEVQFGH AGACANQASE TAVAKQALK EAGVPRSF DELGEIIQSV 800
Rat ********** ********** ********** ********** **********
Dm **T******* **S***SDR* **T***KG*R D**AY**D** *T***L*HH*
Hum-YEDLVANSVI--VPAt:EVPPPTVPMDYSWAR LGLIRKPASF MTSICDERGQ 850
Rat ******K*A* ********** ********** ********** **********
Dm *GE**KT*RV **KE****** ********** ********** **********
Hum ELIYAGMPIT EVEMGIG GVGLLWFQK RLPKYSCQFI EMCLMADH 900
Rat ********** ********** ********** ********** **********
Dm *********S **LSKDV*** **IS*****R C**S*V*K*F **********
Hum GPAVSGA IICAGKDL VSSLTSGLLT IGDRFGGALD AASKA 950
Rat ********** ********** ********** ********** **********
Dm **** * * *** * *V* * * * * *** * **VV* * * * * *** ** ***** GS*RQ**E*Y
Hum DSGIIPMEFV NKGKLI MGIGHRVKSI NNPDMRVQIL KDYVQHFPA 1000
Rat ********** ********** ********** ********** **F*K*****
Dm *TNLH***** ***R****** L********* ****V**K*1 *EF*LEN***
Hum TPLLDYALEV EKITTSKKPN LILNLIG VAFMLRNC GSFTREEAE 1050
Rat ********** ********** *******F** ********** **********
Dm C***K***** *****N**** *******V*A T********S ****S***Q*
Hum YIDIGALGI FVRSMGFI GHYDQKRK QGLYRPWDD ISYVPEHS 1100
Rat *V** * * * **V * ** ** * * *** * * * ** * ** * * ** * * **** ** ****** ** * *
Dm * *NV* *I*SL * *****1*** * * *M**** * * *** ******* ** ** 1* *QYN
Hum M 1101
Rat M 97.5% identity with hum (aa 1-1101)
Dm 75.5% identity with hum (aa 710-1100)


