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The ARFI GTPase-Activating Protein: Zinc Finger 
Motif and Golgi Complex Localization 

Edna Cukierman, lrit Huber, Miriam Rotman, Dan Cassel* 

Hydrolysis of guanosine triphosphate (GTP) by the small guanosine triphosphatase 
(GTPase) adenosine diphosphate ribosylation factor-1 (ARFI) depends on a GTPase- 
activating protein (GAP). A complementary DNA encoding the ARFl GAP was cloned from 
rat liver and predicts a protein with a zinc finger motif near the amino terminus. The GAP 
function required an intact zinc finger and additional amino-terminal residues. The ARFl 
GAP was localized to the Golgi complex and was redistributed into a cytosolic pattern 
when cells were treated with brefeldin A, a drug that prevents ARFI -dependent asso- 
ciation of coat proteins with the Golgi. Thus, the GAP is likely to be recruited to the Golgi 
by an ARFI -dependent mechanism. 

T h e  budding of transport vesicles from the  
Golgi coinpartrnelit requires the  association 
of cytoplaslnic coat protelns with the or- 
ganelle membrane. T h e  small GTP-hindlng 
protein ARFl  acts as a key regulator of the 
i l~teract lo l~s  of nonclathrin coat proteln 
(coatomer) with Golgi stacks (1 )  and of 
clathrin adaptor particles with the  trans- 
Golgi network (2) .  Like other GTP-binding 
proteins, ARFl  exerts its regulatory effect 
by v i r t ~ ~ e  of ~ t s  GTPase cycle (3). In  its 
GTP-bound form, ARFl  triggers the  asso- 
ciation of coat proteln with the Golgi mem- 
brane. T h e  subsequent hydrolysis of ARF1- 
bound G T P  is req~llred for the dissociation 
of coat protein from G o l g ~  mernbranes and 
vesicles (4). T h e  ARFl  proteln also func- 
tions as a regulator of the enzyme phospho- 
lipase D (5), and a possible relation be- 
tween this role of ARFl  and its function in 
membrane traffic has been proposed (6 ) .  
T h e  fact that pure ARFl  is unable to hy- 
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drolyze G T P  (7)  suggests the  existence of 
a n  ARF1-d~rected GAP.  Because G T P  hy- 
drolysis o n  ARFl  is r e q ~ ~ i r e d  for coat pro- 
tein dissociation, a n  ARFl  G A P  is llkely to 
function in the  uncoating of Golgl-derived 
vesicles that must take place before their 
fiision with the  target membrane. 

W e  recently purified a 49-kD ARFl  
G A P  from rat liver cytosol (8). Polyinerase 
chain reaction (PCR) alnpllflcat~on of corn- 
p l e ~ n e n t a r ~  D N A  (cDNA)  wlth degenerate 
primers based on a m n o  acid sequences of 
this proteln generated a 0.5-kh fragment. 
Screelxng of a rat liver cDNA l~brary with 
this fragment as a probe yielded several 
posltlve clones. Alignment of the sequences 
of two overlapping clones (26  and G l l )  
revealed a n  entire open reading frame 
flanked by 5 '  and 3 '  ~~n t rans la t ed  regions 
(Fig. I A ) .  T h e  codlng sequelice predlcts a 
protein of 415 amino aclds (45,448 daltons) 
that includes all peptides that we have se- 
quenced from the  tissue-p~~rified protein. 
T h e  initlatin:! methionine conforms with 
the Kozak rules for the Initiation of trans- 
latlon (9)  and is preceded 267 nucleotides 
upstream by an  in-frame stop codon. 

Analysis of the  primary structure of the  
G A P  revealed a hydrophilic proteln with 
~nultiple potential phosphor\dation sites of 
protein ki~iase C .  Although the  ARFl  G A P  
does not show similarity to  other GAPS,  it 
shows a high degree of sunilarity to Saccha- 
rornyces cereeisine proteins (10) designated 
Gcs lp ,  Glo3p, and SpslSp (45, 46, and 
33% ~dent i ty ,  and 70, 70, and 60?h sim~lar- 
ity, including evolutionarily conserved sub- 
stitutlons, respectively). A n  even higher 
similarity exists between the  NHz-terminal 
parts of the proteins (Fig. 1B). A colnlnon 
feature of the  G A P  and the  yeast proteins is 
the  presence near their NM2-termini of a 
conserved CXXCX,(,CXXC motif (where X 
is any amino acid), which apparently rep- 
resents a zlnc finger structure (1C). Addi- 
tlonal proteins that contain some of the  
conserved sequences shown 111 Fig. lB ,  111- 
cluding the zinc finger domain, are present- 
ed 111 databank entrles from humans, nem- 
atodes, and plants. 

In addition to clone 26,  w h ~ c h  appears 
to encode the tissue-purlfled protein, we 
isolated from the  rat llver library tw70 clones 
that are likely to represent alternative splice 
variants (Fig. 2A).  O n e  variant ( W l 5 )  had 
a deletion of 110 base pairs (hp) near the  5 '  
end of the  coding region, including the  
putative zinc finger domam. Although the  
initlation codon is not removed by the  de- 
letlon, this codon cannot he ~ ~ s e d  for trans- 
lation in clone W l 5  because of a frame shift 
that generates a n  early stop codon. Howev- 
er, the  W l 5  variant may he translated from 
a seco~id in-frame methionine. 

A second variant ( Z i )  contai~ied a 0.6- 
kb insert wlthin the codoll for amino acld 
278 (Flg. 2A) .  Only flve insert-derived ami- 
no  acids are added before a new stop codon 
is encountered, predicting a truncated pro- 
tein of 31 kD. T h e  presence of the  Z i  
varlant in rat liver c D N A  preparations was 
de~nonstrated by PCR amplification w ~ t h  a 
set of primers, each derived from the  2 5  
insert and from flal~king sequences (1 1 ). 

PCR ampllficatlon of geno~n ic  D N A  
with prllners flanking the  3 '  and 5'  junc- 
tlons of the  deletio~i found in the  W l 5  
clone revealed the  presence of introns o n  
both sldes of the  deletion (Fig. 2B). Thus, 
clone W15 was generated by alternative 
spl~cing and the  zinc flnger domain of the  
ARFl  G A P  is encoded by a distinct exon. 
In  addition to  four cysteines, two conserved 
hlstidines that are ellcoded by this exon are 
also likely to  participate In the  formation of 
the  zinc finger. 

Coupled 111 vltro transcription and trans- 
lation of the  Z6 clone 111 a reticulocyte 
lysate (Fig. 3A,  left panel) resulted In two 
35S-labeled bands. T h e  upper band of 49 kD 
cornlgrated wlth the  tissue-purif~ed G A P  
(1 I ) ,  whereas the  lower band of 43 kD 
appears to represent a product of Initiation 
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CGGGGATCTGAGTGCCTAGTCCAGCTTGGCACCTGGGCCGGACCC 
GACCCCCTCGGGGCAGCAGGATCCCAGTGTGCGGCGGTCCAGACCCCCCCGCCCCGCCCCGCCCCCGGCCTGTGAGCCTTGCGCCCTTCAGCATAGCGGTTGCGCGGATCTACGTGGCC 
TTTCAGCGffCAGGTCCCGAGCACTCTCAGACGCAGACTGGTTTTGCAGAGCCCATTTGGCCGGGAAAGGGCCCCTGCCCTTCACTTCG~GAAGATTCTGTCCAGAGGTGCCGCACC 
M A S P R T R K V L K E V R A Q D E N N V C F E C Q A F N P  

ATG GCC AGC CCA AGA ACC AGA AAA GTT CTT AAG GAA GTC CGG GCA CAG GAC GAG AAT AAT GTT TGC TTT GAG TGT GGT GCG TTC AAT CCT 
Q W V S V T Y Q I W I C L E C S G R H R Q L Q V H L S F V R  
CAG TGG GTC AGC GTG ACC TAT GGC ATC TGG ATC TGC CTG GAA TGC TCT GGG AGA CAC CGT GGG CTT GGG GTG CAT CTC AGC TTC GTG CGC 
S V T M D K W K D I E L E K M K A Q Q N A K F R E F L E A Q  
TCT GTG ACA ATG GAC AAG TGG AAG GAC ATT GAA CTG GAG AAG ATG AAA GCT GGT GGG AAT GCT AAG TTC CGA GAG TTC CTG GAG GCA CAG 
D D Y E P S W S L Q D K Y S S R A A A L F R D K V A T L A E  
GAC GAC TAT GAG CCT AGC TGG TCA CTG CAG GAC AAG TAT AGC AGC AGA GCT GCA GCG CTC TTC AGG GAT AAG GTG GCT ACT TTG GCA GAA 
K E W S L R S S P A Q N W T P P Q P K T L Q F T A H R P A  
GGT AAA GAA TGG TCT CTG GAG TCA TCG CCT GCC CAG AAC TGG ACC CCA CCT CAG CCC AAG ACG CTG CAG TTC ACT GCC CAC CGA CCC GCT 
Q Q P Q  - N V T T S Q D K A F E D W L N D D L Q S Y Q Q A Q E  
GGC CAG CCA CAG AAT GTA ACT ACC TCT GGG GAC AAG GCC TTT GAG GAT TGG CTG AAT GAT GAT CTG GGT TCC TAT CAG GGT GCT CAG GAG 
N R Y V Q F Q N T V P P Q K R E D D F L N S A M S S L Y S Q  
RAT CGC TAT GTG GGG TTT GGG AAC ACA GTG CCA CCT CAG AAG AGA GAA GAT GAC TTC CTC AAC AGC GCC ATG TCA TCT CTG TAC TCG GGC 
W S S F T T Q A S K F A S A A K E Q A T K F Q S Q A S Q K &  
TGG AGC AGT TTT ACC ACT GGG GCG AGC AAG TTT GCG TCT GCA GCA AAG GAG GGT GCT ACA AAA TTT GGA TCT CAA GCA AGT CAA AAG GCT 
S E L Q H S L N E N V L K P A Q E K V K E Q R I F D D V S S  
TCG GAG TTG GGC CAC AGC CTG AAT GAG AAT GTT CTC AAG CCT GCA CAG GAG AAG GTG GAG GGA AGG ATT TTT GAT GAT GTG TCC AGT 
Q V S Q L A S K V Q Q V Q S K Q W R D V T T F F S Q K A E D  

GGG GTC TCT CAG TTG GCA TCC AAG GTC CAG GGA GTT GGC AGT AAG GGA TGG CGT GAT GTC ACG ACC TTC TTT TCT GGG AAA GCT GAA GAC 
T S D R P L E Q H S Y Q N S S Q D N S Q N S T I D Q S F W E  
ACT TCA GAC AGA CCC TTA GAG GGC CAC AGC TAC CAG AAC AGC AGT GGA GAC AAC TCT CAG AAC AGC ACC ATA GAC CAG AGC TTC TGG GAG 
T F Q S A E P P K A K S P S S D S W T C A D A S T Q R R ~  
ACC TTC GGG AGT GCT GAG CCC CCC AAG GCC AAG TCC CCA AGC AGT GAC AGC TGG ACC TGC GCA GAT GCC TCA ACG GGA AGG AGG AGC TCG 
D S W D I W Q S Q S A S N N K N S N S D Q W E S W E Q A S Q  
GAC AGC TGG GAC ATT TGG GGC TCA GGT TCT GCA TCC AAC AAC AAG PAC AGC AAT AGC GAT GGT TGG GAG AGC TGG GAG GGA GCC AGT GGG 
E Q R A K A T K K A A P S T A A D E Q W D N Q N W *  
GAG GGA AGG GCA AAG GCT ACC AAG AAG GCA GCT CCA TCT ACA GCC GCC GAC GAG GGC TGG GAC AAC CAG AAC TGG TAG GAGCCTTGCTGCACC 
CTAACCCAGCCCTGCTGGGAGACCGCTGTGTTTGCACTTTACCCTTGTTcCTccTTCATTTGAccTCAGTGTGAAGACAGTGGCTCAGGCAGGACTTGAGTTGGTGCTGCCTGCCTGGT 
GTGGGGT&CTTTCTCTTAGACCTCAGGGGACATGTCATCCACCTGCCTCTT~GTCCTCTGAGCAGCCTTCCT~ATTCTGGGTTCTTGGGACCCAGG~ACTGTCTCTGCAGCCCTAG 
CATAGCCTGGGACTGCAGCCCTGTGCAATGTCAGCTAAGCCAGACATCTGCTTTCGTTGAAATGTCTTTTTAAACTTG 

K S R N I  122 

SpslBp 

Glo3p K K Y K I B L D K K V  132 

Fig. 1. (A) Nucleotide and deduced amno a c d  sequence of ARFl GAP cDNA program; only Identities are presented. The posltlon of the four conserved 
(19). Peptide sequences derived from tissue-purlfled ARFl GAP are under- cysteines IS marked by arroiws. Residue numbers are shown on the right. 
lined; asterisks mark a stop codon. Nucleotide and amno acd  numbers are Abbreviations for the ammo acld resldues are as follo\ws A, Ala, C, Cys; D, 
shown on the left. The sequence has been deposted in S\wissProt (accession Asp; E, Gu :  F, Phe; G, Gy; H, HIS; I ,  le; K,  Lys; L, Leu; M,  Met; N. Asn, P, Pro; 
number U35776). (8) Comparison of NH,-terminal sequences of the ARFl Q, Gn; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr 
GAP and S. cerevis~ae protens. Sequences were allgned wlth the Blast 

from the second in-frame A T G  (Met"). 
Translation of clone W15 generated only 
the 43-kD band, as expected from the frame 
shift in  Met ' .  T h e  translation product of 
clone 26,  but not that of the  control vector, 
stimulated G T P  hydrolysis o n  ARF1, dern- 
onstratlng that we have indeed cloned a n  
ARFl  G A P  (Fig. 3A, center panel, lanes 1 
and 3) .  O n  the  other hand, the translation 
product of clone W15 was devoid of G A P  
activity (Fig. 3A,  center panel, lane 2). In 
vitro translation of clone Z5 was inefficient; 
however, a protein with the  expected size of 
32 kD was expressed in  Escherichia coli (1 1 ) 
and was found to possess G A P  activity (Fig. 
3A,  right panel). 

T h e  results obtained wlth the  variant 
clones suggested that the  "catalytic" do- 
main of the  G A P  resides within the K H z -  
terminal part of the  protein. T o  localize the  

2000 

G A P  domain f ~ ~ r t h e r ,  we carried out sys- 
tematic truncations (Fig. 3B). COOH-ter-  
~ n i n a l  truncations showed that G A P  activ- 
ity is essentially retamed in a polypeptide 
encoded bv the  first 146 anlino acids. A 
polypeptid~ containing the first 12 1 resi- 
dues still retained G A P  activitv but its ao- 
parent affinity was significanAy reduce;, 
whereas polypeptides with 99 residues or 
fewer were inactive. Co~nparison of a series 
of proteins that terminate in  amino acid 
257 (12) showed that the  flrst 16 anlino 
acids were not essential for activity, whereas 
a protein whose translation is initiated at 
position 43 was devoid of G A P  activity. 
These results suggested a possible role of the 
zinc finger, whose four cysteines are located 
between residues 22 and 45. Such a role was 
further supported by the  finding that sub- 
stitutions of Cys2' or Cys2j with alanine, 
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which are both expected to prevent the  
formation of the zinc finger ( l o ) ,  resulted in  
a complete loss of G A P  activity (Fig. 3B). 

Antibodies raised against recombinant 
G A P  were used to determine the  tissue and 
subcellular distribution of the protein. Pro- 
tein i ~ n l n ~ ~ n o b l o t  analysis revealed a nlajor 
49-kD protein in all rat tissues examined, 
being most abundant in  brain, then In liver. 
In  brain, the  antigen appeared in a cytosolic 
as well as a membrane-bound pool, from 
which it could be released by treatment 
with 0.8 M NaCl (1 1 ). Double-label immu- 
nofluorescence experiments in  NRK cells 
(Fig. 4 )  showed that the  G A P  was localized 
at the  Golgi co~nplex and its distribution 
closely resembled that of the  coatolner 
component P-COP. Treatment of cells with 
the  drug brefeldin A (BFA) is known to 
cause the  rapid release of coat proteins from 



Fig. 2. (A) Schematic pre- A 
sentation of variant clones. 

ATG 344 453 1118 TAG 
In comparison with clone z6 I 

Z6, clone W15 has a dele- I 
8 ,  I ,  

ATG j,,' I ,  

tion that encompasses ; , TAG 

nucleotides 344 through w151 
453, whereas clone Z5 has a ATG TAG 

0.6-kb insert (striped box) at 25 -1' 
position 11 18 (numbering as - ' V  G L  P C  *' 
in Fig. 1 A). An open box de- 100 bp GTA GGG CTA ccc TGC TGA 

notes the domain defined by 
the four zinc finger cysteines B 
(encoded by bases 347 to El 1, (437 bp) 1, (281 bp) E3 

418). Nucleotide and de- ~ C S B B C .  . . . .CSC.O gt~=gt.. . . tacgag I 2 Gz,, . , 
duced amino acid sequenc- I I I I 

343 344 453 454 
es of the Z5 insert between 
the insert junction and the nearest stop codon are shown. (6) Exon-intron structure around the deletion 
found in clone W15 (20). Exons (E) and introns (I) are schematically presented, and nucleotides flanking 
the junctions are shown (intron sequences in lowercase). Amino acids represent contiguous translation 
from the three exons. Exon E, is identical to the deletion found in clone W15. 

A 1 2 3 4  1 2 345 1 2 3  B GAP activity - --- 
- 7  SC, (nM) 

GDP+ / - 257 1 

Fig. 3. Expression and act~v~ty of proteins encoded by 17- 257 50 
variant and mutant cDNAs. (A) (Left panel) Products of 43 .. 257 >I000 
coupled transcription and translation in reticulocyte ly- 

Cyr - A  
- 257 >loo0 

sate (27) of clone Z6 (lane 1 ), clone W15 (lane 2), the m. - 257 ,1000 
Bluescript vector (lane 3), and a control without added 
DNA (lane 4). (Center panel) GAP activity was assayed by single-round hydrolysis of ARF1-prebound 
[U-~~P]GTP (8) with 1 -PI portions from each lysate. Lanes 1 to 4 are as in the left panel: lane 5. 10 ng of 
tissue-purified GAP. (Right panel) GAP activity in 10 ng of inclusion body extract from bacterially ex-' 
pressed (22) clone 25 (lane I ) ,  10 ng of tissue-purified GAP (lane 2) (8), and the buffer control (lane 3). 
Center and right panels represent results from different experiments, in which the efficiency of preloading 
of ARFl with [(r-32P]GTP was 20 and 40%, respectively. (6) Polypeptides encoded by a series of 
truncated cDNAs (22) are schematically presented. In the last two polypeptides, point mutations were 
introduced that converted Cys2' or CysZS into an alanine. Amino acids are numbered as in Fig. 1A. Open 
boxes designate the four zinc finger cysteines (amino acids 22 to 45). GAP activity of the mutant proteins 
is expressed as the concentration (SC,,) that was required for half-maximal stimulation of GTP hydrolysis 
on ARFl . 

the Golgi (3). Treatment with BFA for 5 
min caused the redistribution of the GAP as 
well as P-COP into an apparently cytosolic 
pattern (Fig. 4), whereas the Golgi marker 
mannosidase I1 remained essentially Golgi- 
localized ( I  I). Upon washout of the drug 
followed by a 30-min recovery period, both 
GAP and P-COP reappeared in a Golgi- 
like pattern. 

Thus, the ARFl GAP represents a new 
type of GTPase activating protein, with a 
distinct zinc finger structure near the NH2- 
terminus. Determinants that are segregated 
within the NH,-terminal one-third of the 
protein, including the zinc finger domain, 
are required for GAP activity. The catalytic 
activity of previously identified GTPase ac- 
tivating proteins is also segregated in dis- 
tinct domains, usually near the COOH- 
terminus (13). The catalytic domain of the 
ARFl GAP shows similarity to about a 
dozen proteins in the databank, which sug- 

gests that at least some of these proteins 
may have an ARF GAP function. The clos- 
est homolog of the protein that we have 
cloned, the yeast Gcsl protein, was recently 
found to possess GAP activity for both bo- 
vine and yeast ARFl (14). 

Because the ARFl GAP is associated 
with the Golgi complex and because BFA 
affects its cellular distribution, it is likely 
that this protein plays a role in membrane 
traffic. The drug BFA affects the Golgi 
system by inhibiting guanosine diphosphate 
(GDP) to GTP exchange on ARF1, thereby 
preventing the ARF1-dependent recruit- 
ment of cytosolic coat proteins (1.5). The 
cytosolic redistribution of the ARFl GAP 
after BFA treatment suggests that the GAP 
is recruited to the Golgi by an ARF1-de- 
pendent mechanism. A mechanistically 
similar process takes place during the as- 
sembly of the coat protein COP11 onto the 
endoplasmic reticulum in S. cerevisiae ( 16). 

GAP p-COP 

Fig. 4. Golgi association of ARFl GAP and its 
disruption in BFA-treated cells. NRK cells were 
treated with 7 JLM BFA for 5 min at 37°C. In the 
washout experiment, cells were treated with BFA 
as above, then allowed to recover for 30 min in the 
absence of the drug. Cells were fixed with 2% 
formaldehyde, treated with cold methanol for 1 
min, rehydrated in phosphate-buffered saline, and 
permeabilized with 0.2% saponin. Cells were 
stained with affinity-purified GAP antibodies (23) 
or with p-COP monoclonal antibody M3A5, fol- 
lowed by fluorescein isothiocyanate-conjugated 
and rhodamine-conjugated secondary antibod- 
ies, respectively. Magnification, x330. 

Thus, it appears that recruitment of a GAP 
is an earlv event in the vesicle buddine " 
process. Because GTP hydrolysis is neces- 
sary for coat protein dissociation, it is un- 
clear how recruitment of a GAP does not 
result in the shedding of the coat before the 
completion of vesicle budding. If GTP hy- 
drolysis is the rate-limiting factor in coat 
shedding, it is possible that the GAP is 
regulated such that it becomes active only 
after vesicle formation is complete or upon 
the encounter of the vesicle with the target 
membrane. The molecular characterization 
of the ARFl GAP will contribute to the 
understanding of mechanisms underlying 
the cycling of coat protein in the Golgi 
complex. 
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Gene Transfer into the Medfly, Ceratitis capitata, 
with a Drosophila hydei Transposable Element 

Thanasis G. Loukeris, loannis Livadaras, Bruno Arca, 
Sophia Zabalou, Charalambos Savakis* 

Exogenous functional DNA was introduced into the germline chromosomes of the Med- 
iterranean fruit fly (medfly) Ceratitis capitata with a germline transformation system based 
on the transposable element Minos from Drosophila hydei. Transformants were identified 
as phenotypic revertants of a white-eyed mutation carried by the recipient strain. Clusters 
of transformants were detected among the progeny of 390 individuals screened for 
germline transformation. Five independent and phenotypically active integration events 
were identified, in each of which a single copy of the transposon was inserted into a 
different site of the medfly genome. Molecular analysis indicates that they represent 
transposase-mediated insertions of the transposon into medfly chromosomes. 

T h e  absence of i~lethodology for introduc- 
tion of exogenous D N A  into the  genome of 
insects other than Drosophila has heen a 
serious obstacle to  Drogress in  the  studv of 

A u 

the  molecular genetics of multiple insect 
species. In Drosophiln inelanogaster and relat- 
ed species, the  P element has been used as 
the  basis of a transformation system (1) .  
This svstem does not.  however. f~lnct ion in 
non-drosophila species. Attempts to  intro- 
duce P in Anobheles and Aedes mosilultoes 
have yielded only rare gerinline transforma- 
tion events that represent randon1 integra- 
tions of DNA segments including plasinid 
seuuences, instead of transnosase-mediated 
insertions of the  transposable element alone 
12). , . 

Three transposable elements, ~lnrelated 
to P, have been ~lsed for gerillllne transfi~r- 

u 

rnation of D .  melanognster: hobo from D .  
melanogaster,  mariner from D .  mauritiann, 
and Minos from D .  hytlei ( 3 ,  4) .  Moreover, 
~nobilizatii>n of hobo transposons from plas- 
illids iniected into nreblastoderm emhrvos 
has bedn documenked in non-~rosophlln 
snecies 15). These results. in coinhination ~, 

with evidence that horizontal transmission 
of mobile elements across insect orders mav 
be widespread (6), suggest that transposons 
other than P inav be usef~ll for germlme 
transfi~rmation of nun-Drosoph~la species. 

Minos, a rnelnher of the  Tc1 family of 
trailsposable elements, was isolated from D .  
hydei and is ahsent froin D .  ~nelanogaster (7) 
and Cerntitis cnpitatn (8). Like P, hobo, and 
Mariner, it belongs to  a phylogenetically 
heterogeneous class of mobile elements that 
have terminal inverted repeats and trans- 
pose hy means of a D N A  intermediate (9). 
T h e  tratlsposase encoded by Minos has heen 
expressed in D .  inelanogaster (1 0) and can 
catalyze precise insertion of a Minos trans- 
poson into D. melnnogaster chromosonles in 
a manner that can be used fix germline 
transformation ( 1 1 ) .  

T h e  Mediterranean fruit fly C .  capitnta 
(Diptera: Tephritidae) is a widespread agri- 
cultural pest of Inany fruit species. T h e  
medfly has been introduced recently into 
the  New World and is spreading rapidly, 
threatening frult production in  North  
America (12).  T h e  sterile insect technique 
(SIT)  has been used successf~~lly for medfly 
eradication or control. This method relies 
o n  the  decrease in or collapse of fly popu- 
lati i~ns caused by the  release of large num- 
hers of sterile insects (13).  T h e  ahlllty to 
produce transgenic rnedflles is needed to 
iinprove the  SIT (14)  and also to  advance 
knowledge ahout the  molecular genetics of 
this insect pest. . 

In  addltlon to  a vector, a second require- 
ment for transformine the  medflv is a n  ef- 
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