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Abstract o

~

F The expression of the Drosophila nelanogaster gene e%coding dopa
decarboxyiase (Dde) is tempora]ly conqrolled The variant stxain Ddct4
shows.an altered pattern of Ddc.gene expression. An examination of the |
D‘NA seduences: ._wiiich might_cont”roli ‘the expre§sion of the gene was
under-talgen by reintroducing c]l‘o"ned Dde genes f?\cim the"'Vai-ian't and a
‘ ‘contr-ol str“ain‘inti‘) Droevo"phil'a‘vi'a P element mediated germ line
| transformationf . ’ o ‘ )

Two P element transposons‘wer‘e constmcted by inserting a fr-aoment;
containing the_nDdc gene ‘into a piasmid containing the terminai \mpeats
of the P eiement.,phe P[Ddc*] transposon which contained a§7 6 Kb Pstl
iesti-iction fragment derived from the cioned pde gene of the_controi .
“Dmeophila strain, and the B[Ddc*ql transposon, which cdntaine’d the
samé restriction fragment of the E;?.gene frrom the variant.scrainQ Each
' 2trensposonjwas co-injected into early efbryos of the Canton-S wild type
host "aloi'i; with' a “helper" P element.vec'tor. The transformants ive;-e'

' identified by suppression of ‘~‘the lethal phenotype of a Ddc'r‘nutant*‘

allele,. which had. been intvoduced into the host by a series of genetic

crosses to'replace the original wild type Dde gene.

\

Severa1 transfomant‘? were recovered One of the transformed lines

v

had only 50% absolute dopa decarboxylase (DDC) specific activity of the -

w‘ild type strain. Cyto]ogical mapping showed the eXogeno’uS‘Ddc gene

integrated near the tip of the left arm of the second chromosome . (Its
: tedU(:ed DDC %roduction ‘may be caused by a positiona] effect. Despite
the generally reduced expvession in this line, all ‘the reintegrated |

Ddo alleles vevealed temporal patterns of Ddcexpression

A
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char*éf:tevisﬁc of the strain:'.fronl' w'h‘ic'h" the trarisf“ormi ng DNA originally
der1ved Thus ‘we conc]ude that the essenﬂa] 1nformat10n for the

expression of the wild type and the varfant lﬂc*" genes was 1nc1uded on

\
. \

g the P[Ddc*] and P[Ddc”‘] transposons respective])'
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\ Introduction‘

- The NMe gene‘—-enzyne system

In D‘r‘osophilav melanogaster, Ddc 1? a stngj}e copy gene 'chh
encodes dopa decarboxy]ase gDDC)(NMght et aL., 1976 Hirsh and |
Davidson, 1981; Gietz, 1984) an enzyme which converts 3,4 d1hydro>\y~
pheny1a1amne (dopa) to dopamine (Clark et al., 1978), Dde 1s subject
to tissue- specific and tempora1 control tmoughout development The
majority (>90%) of DDC activity occurs in the ep1derm1s (Lunan and
Mitchell, 1969), where dopamine is further catalyzed to N-acetyl-
dopamine, a compou’nd tnvo]vec‘l 1‘n‘/the scTer-otization-(hardemng and
dark.ening)‘oﬁ newly deposited cuticle (‘Di“ckinson‘ anq Sullivan, 1575).
In addition, DDC activity appears in the yce'ntral nervous system
(D‘eWhurst et‘al‘., 19‘72; Nr-ight' 1977; L1>v1ngston'and Tempel, }983), ‘
where ‘,dopamine presumdb]y functions as' a neut~o€r~ansm1 tter. | The 'enzyme_/
is also detectable in-pvevite]logenic ovaries (wvr-1g‘ht et al., 1981‘).
and t‘n.the larval .pv-omenti-ico1us (Hrtght et‘al‘. .1982) .- The enzyme 1is.
,probably involved 1in the hardem-ng of the peritvophic membrane of the

proventricu]us (R1zk1 1956), but its function in ovavies is stﬂ]u

¢

| Five peaks of DDC activity {ppear din the ep1dermis throughout

ontogeny when hardemng o)f cut'lc]e is requhed These stages dur‘lng

| . the life cyc]e of the anima] are embryonic hatchfng, both 1arva1 |
.:moults pupar1at10n, and adu]t ec1osion (Kraminskr et al., 1980 Marsh

'and wright 1980) Also, f'lve major peaks of the moulting hormone,_ |

20 OH-ecdysone, occur 1n the - life cycle (Kram‘lnsky et al., 1980) A .'.""

comparison of the homnone and the enzyme prof1 les 1nd1gates that two . -

1.



distinct sftuations ptevail. At pupariation the hormone titre and the
+DDC act1vity tncrease concomitantly, while at all other stages there 1is
a significant lag between hormone and enzvme maxima. The first
evidence of the induction of DDC activity by 20-OH-ecdysope at
pupar-tat‘ion was reported by Karlsan and Sekeris (1966) in isolated
abdomens of Calir:phomﬁ The rwele of the hormone in DDC 1'nduﬂct1on in
Drosophila was investigated using a temperature-sensitive ecdysoneless
mutant, ecd! (Kraminsky et al., 1980). A r'apid increase of the

v “
translatable Ddc mRNA as well as DDC activity was jinduced by exogenous
feeding of the hormone to rnatur-e larvae maintained at the restrictive

’ temper-‘atdr-e. Even_in the absence of pr~otein synthesis, considerable
Dde n\RNA accumulation was detected after administering 20-OH-ecdysone
(Clark et al., 1986). This implies that the hormone may have a direct
effect on transcription of the Dde gene at this stage. Un}like at
pupariation, a falHng ecdysteroid titerr may be' required for Dde
expression mring embryogenesis (Beall ‘and Hirsh 1984, Gietz and
Hodgetts, 1985) and in the imaginal discs foHowing eversion (Clark et
al., 1986). These resu]ts suggest that the bde gene responds to
different hor-monal cues at ditter-ent developmenta1 stages.

To’ date numerous ‘mutant aHe]es of the e gene have been
'lso'lated 1nclud1ng nu]l alleles which behave as recessive lethals,

. temperature-fsensitive alleles (wright 2t al., 1981) and two regulatory
variant strains,. RE and RS, w1th approximate1y 50% more DDC activi‘ty
than wﬂd type (Shera1d and Wright, 1974; Marsh And Wright, 1986).
Also, another variant strain selected from a natural population,

* : P
‘ Ddcj'“ “has been characterized (Estene and Hodgetts, 1984a,b). It is

‘ndg’},on'l_y tissue specific, but also tempor-aﬂy 'Specific. By comparison




m

with .the Canton~S wild type strain, Dch has 50%%1ess [dc mRNA and DOC
activity at pupariation, when 20~-OM-ecdysone has an {mmediate and
perhaps .m rect effect on the /xdc gene, and t‘l\as 20-50% more DDC activity
at the other stages in the life cycle, when bDC aét1v1ty appears only
after 20—'0H~ecdysone 1evelsA have decreased to .\the base line. Its
phenoty;;e may reflect an alteration of both putative regulatory
mechanisms involved in /Mdc expression. The stageas‘pemfic enzyme
overproduction and underproduction in ijc” have both been mapped
adjacent to the structural gene for DDC (Estelle and Hodgetts, 1984a),
and several differences at the DNA 1ev‘el were found between ide?? and
the wild type strain. These included two small insertions lying in the
5' flanking region of the sfructura] gene (Estelle and Hodgetts, ~
1984b) .

Studies of several prosophila gene-enzyme systems have indicated
that at 5’ flanking region of the structural gene located the temporal
and tissue specific control elements for gene expression and they are
separable (Pirrotta et al.A, 1985; Levis et al., 1985; Lawson et al.,
1985). From these observations, one would specu]iate'v. that |
rearrangement(s) wjthin this regioi‘l might lead to-abnormal gene
requlation. Thus in the 0Ddc system, we would expect that iests of the
functional s‘ignificance of those polymorphisms discovered in Dde*?
(mentioned above) nr'fght sﬂpply some important information about the
various mechanisms of ecdysteroid action at this locus. Such functjonal
tests of particularf PNA sequences may be performed in Drosophila using

P-element mediated transformation, which will be described now.

P-elesent mediated genetic transformation



In Drosophila, the development of P element mediated germ line
transformation (Rubin and Spradling, 1982; Spradling and Rub1n,‘l982)
provided a powerful t061 for studying the locality of gene specific
regulatory elements. The transfer of in vitro modified genes and gene
fragments to the gﬁrm 1ine can be accomplished by microinjection. Theb
system was developed from the study of a phenomenon called P-M hybrid

o .

P-M hybrid dysgenesis describes certain correlated genetic

dysgenesis,

aberrations which include n1§h rates of nutation, chromosomal
rearrangements, gonadqﬂ sﬁgr111ty and malé‘recombination (normally rare
in Drosophila melanogaster). They are restricted almost exclusively to
the germ line of the F) progeny derived from certain na£1ngs (Kidwell
et al., 1977). Thgy are observed only wheﬁ males of P strains are mated
to females of M strain. P or M indicates akpaterna1 br maternal
contribution to:the syndrome and such matings are then called dysgenic
hybridé. A subsequen£ study by Engels (1979% showed that the causative
factors fSF—ihesétraits existed randomly iq the genomes of the P
strains, and the'factors which mapped to th% different chromosomes were
'1ﬁdependent from éach other. Further 1nvest\gation§ of mutations of

the white locus (Rubin et aZL,‘1982; Binghaﬁ‘et al., 1982) revealed a
family of cross-homologous DNA sequences, P é1ements, which had
1nserted‘12‘several dysgenic induced white mutationé. They were presen
as 30-50- ¢ispersed copies in P strains and absent in M strains (with
one exéeption). The DNA sequencing data (0'Hare and Rﬁbin, 1983)

" characterized two types of P elements. The first type includes smaller

(0.5-1.6 kb). defective elements, which appear to have arisen from the

larger ones by different internal deletions. The other type shares a

»



conserved 2.9 Kb structure which contains sequences from four majof
open reading frames (dRFS) and are postulated to encode at Jeast two
act1v1t1e55 a transposase, tequired for theiv own transposition and for
the transposition of the de}ect1ve elements; and a factor which
restricts the transposition of P elements only to M stra1n'def1ved
eggs. The 2.9kb element is f]anked'by inverted repeats of 3lbp, whose
integrity is required <n cie for tran;position of the P element. Thus
- hybrid dysgenesis could be explained as follows: when functional P
elements carried by the sperm are introduced {nto an egg of an M
strain, thy are mobilized to tranSpése until a ¢ritical number of P
elements is reached and then accumulated repressor activity restores P
element stability (O'Hare and Rubin, 1983). Reéent]y, Laski et al.,
(1986) and Rio et al., (1986) demonstrated that fin éhe 2.9 kb
autonomous P element mRNA the ORFs are joined by the removal of three
1ntrons,.and the removal 6f the third 1ntr9n is required for the
“production of 66&87,000 dalton transposase. They proposed that this
critical intron is only removed in the germ line and that {its removal

- .

is the sole basis for the germ‘Jine restriction of P element o
transformation. |

The feasibility of P element mediated germ line transform;tion
in D. melanogaater'was fir§t demonstrated directly by Spradling and
Rubin (1982): They anticipated that a cloned intact P elemeht, if
introduced into the g%rm cells gf a developing M strain embryo, would
mimic the condition of the dysgenic hybrid. They found that the 2.9kb
gjement could transpose from the bacterial blasm1d (into which it had

been cloned) and integrate into the chromosomal DNA of the fly's gerﬁ

line. In an attempt to find out if the transpoSase‘supplied by the
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intact element could act on a defgctive element as well, thex repeated

the experiment by co-~injecting the 2.9kb element (as a helper) and a

‘defective one carrying the wild type rosy (ry’) gene (the structural

gene for an enzyme, xanthine dehydrogenase, found in the synthetic

* pathway producing one of the eye pigments) (Rubin and Spradling;

1982). The reclpient embryos were from a homozygous ry mutant strain.
Among the progeny of some of the injected embryos, a fraction were
sﬁown to have P[rosy*] transposons stably fntegrated into. their
genomes . Furthermore functioning of the integrated ryt gene was
indicated by the non-mutant eye colour of the injected host and/or
their progeny. Thus it was clearly demonstrated thatea defective
recombinant é transposon could be mobilized in the presence of a‘

P

transposase sdpplfed by a non-defective helper.

However, because the helper is an intact element, it could
transpose ftself into the recipient fly genome along with the»desired
recombinant P element, and result {n'unstable transformants equivalent
to the F1 progeny of a dysgenic hybrid Th1s problem was reso]ved using
an 1mprbved helper element such as p7(25 7 uc,lusually called "wings-

\f&

c11pped")m(Karess and Rubin, 1984). .With only a single functional

. inverted repeat the wings-clipped P element 1s rendered immobile whi]e

supp1y1ng the transposase to mobilize a defective recombinant element.
Bx comparison with other available assays of gene Expre§§1on, sucﬁ
as cell-free tradscription, transient eipression in injected oocytes'or
transfected ttssue culture cells, germ line transformation in |
Drogophila offers a number of advantages. The transddceddgeneiis

‘\

present intrachromosomally, sometimes in'broper copy number in all

‘cells, and those.ce11s are in their normal environment in the
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developing animal. The study of the expression of the white locus is an
excellent example facilitated by the system. Hazelrigy et al., (1984)
and Gehring et al., (1984) transduced the Lﬁitq* gene with »3kb of 1{ts

5' region 1nto'var1ous genomic sites. Thqugound that-tneJ#ﬁite* gene

expression was both quantitatively and develoﬂygntally,nOrma],‘The gquf )

was also dosage compensated and interacted with the seste locus as ft 1

had in its original 1ocation Using a ser1es of whtte sequences with

different small deletions in the 5' region, more detailed 1nformat1o? v

was gained (Pirrotta et al., 1985; Levis et al., 1985). Different parts -,

of the 1.8 kb of 5'' region were essential for‘fﬁg expression of the -
gene in different tissues and at different‘de;e1meenta1 stages. The,
gene containing 1.1 kb of 5' region could not express'itselﬁsin testes
of the transférmed animals. By contrast, as lfttle as 0.4 kb of 5'
flanking region was enough for white ;Lne-expression in the compound
eyes, Malpighian tubules and ocelli of the transformants. It was a]soh
found that the sequence required for dosage compensation was contained
between position -216 and the transcription start sifé. The. target pf'

zeste geng‘frans interaction was located between 1.8 - 1.1 kb upéfféam
of the transcription st;rt,kite. ‘ ) |

ther successful transformations using P'e1ements tnclude genes
for alcoho1'dehydro§enase (Géldberg et al., 1983; Dudler and Travers,
1984), chorion protefns tDeCicco and'épra§11n§,1984), heat shock
proteins hsp 70 (Lis et al., 1983), hsp 26 (Coﬁeﬁ and Megelson, 1985},
and hsp 22 (Hulmark et al., 1986), a yolk protein gehe (Garabéq1an_et
dl., 1985) the period locus (Zehring et al., 1984),'the homeotic
‘gene fusht tarazu (H‘irom'l et al., 1985) and the E. coli Zacz gene

(Lis et al., 1983) and the neomycin resjstance (neoR) gene (Steller and

v

-
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Pirrotta, 1985). s
The syintem has aiso‘ been u’sed.yto stu‘dy the expr-éssion of the 'Ddc
gene (Scholnick et al., 1983; Marsh et al.,’ 198‘5).s A 7.6kb‘7 cloned wild
type gene 1nc1uding both flanking regions was successfu]iy introduced’
1nto the Droeophtla genome. It was found to function in the pr oper
tissues and‘ at the proper stages durin? deveiopment. DDC enzyme
activity of all the single inserts wé's withiln 30-35%. of thnt founa in
wild type Canton-S ﬂies. The combinati‘on of various transduced Dde
- inserts yieided a series of strains with up to 10 copies of the Ddc
gene (Marsh ket a}., 1985). The enzyme assay data on these reeombinant
strains confirmed the previous observnt-ion that [)'DC‘actiyi‘ty is a’
quanta] function of gene dose (Hodgetts 1975). .
As mentioned earlier, functional tests of the poiymorphisms of
the Ddet? variant gene, especially those at.the 5' region, might reveal
the nature of ecdysteroid. action at this. 1qcus.. My*aApproa(:h in the
present study was to rlei'ntroda‘ce a cloned Ddc*4 gene into 'Dr'o'eophila
*mel-anogasf‘;er using P-medivat‘ed germ iine‘ transformation. We wanted to
address' the question of the distance between putative cis- acting
vegulatory eiement(s) and “the structurai gene. Since it had already o .
' been shown that ‘a 7.6kb Pst I fragment contained the necessa:y
'infor-metion for. normal qut‘iai, and temporai expression of the Dde gene |
(SChoi-nick et al., 1983" Marsh et al., 1985).,, it was convenient to |
start by 1ntrooucing the same fragment from Ddc+4 As. a control the - | 2
~ introduction of the ‘Dde* wild type allele was also done. The main goai |
'was to detemine whether this technique would be sensitive enough. to
examine the subtile quantitative variations of gene expression seen ién
_ pdeté. If successfu'l,- these preliminary experiments,v;oui-d set the stage

'for‘testing more restricted DNA fragments from the variant strain. . ;" :
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Materials and Metheds

A. Culture Media

- The media used for growing a]] bacteria] stra1ns was Lunia broth

4LB) This contained per liter: 10 g Bacto- ttyptone 10 9 NaCl, and 5 g

Bacto~yeast extract Solid media were-made “of LB plus 15 g/1

' Bacto ~agar. For selection of amp1c1111n resistance, 100 mg/1 ampicillin

. d& N

" C. Plasmid DNA preparation

~was added after the media were autoclaved.

B. Baqterialutransformation " o | SR
‘Tfanstrnation of E.coli Qa;idone aecording to Cahen et al.,

(1975)? A saturated eu]ture ofVE.cbZi strain‘JMg83 dr HB 101 was .

diluted 1/20 in LB and kept shaking %of 1 hour-at 37°C. Cells were |

harvested by centrifugation and washed in 10ml of 50 mM CaCl,. The
\

“cells nere resuspended in 2 ml of 50 mM CaClp and left on ice for at

——

least 1 hour before belng used To 0.2 m of  the c\%petent cells, 2 10

\
Lul of DNA so1ut10n was added The mixture was kept on 1ce fov 30 to 60

-

minutes, then heat shocked at 42°C for 2 minutes. After addition of 1ml

" of LB, the-mixtune was incubated at 37°C'for 30 minutes' Apbropr1ate ( ‘

dilutlons were p]ated on LB p]us amp1c111in¥31ates and 1ncubated at ';.U
: ‘ : N

,

37 C for 12 to 24 hours.

—

L

A 10m1 vo1ume of LB p]us ampici]lin nedium was innocu]ated with a

‘single bactevial co]ony and shaken vigorous1y at 37°C overn1ght This
;;saturated culture was: used to further 1nnocu1ate 500 ml. of pvewarmed

LB. The resu]ting cultuve was grown at 37°C with vigovous shaking until

an 00550 of '0.45 was reached Then 2 5 ml of a3 mg/m1 chlovamphen1co]
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\ so]ut1on was added and shaking was continued at 37° C for 10- 16 hours
The cells were pe11eted and washed in-100 ml of ice- cold STE (071 M
INaC], 10 M4 Tris HC1 and 1 mM EDTA,rpH 7.8). Aftef be1ng resuspended ln
10 ml of STE, they'were transferred to.g'SO ml Erlenmeyer flask and
1ysed as described by Holmes and Quigley (1981). Brief]y, 20 mé-of
1ysozyme was added. T;\wflask was shaken gently over the open. f]ame of
a Bunsen burner unt11 the 11qu1d just started to b011 The f]ask was
" then 1mmersed immedrately in boiling watev for 40 seconds and coo]ed ﬁ

v

down,1n-1ce—cold water The viscous 1ysate was centrifuged at 19,000
rpm for one hour. fo~2very ml of the resulting supernatant, lg of CsC1‘
was added,and an ethidium bronide solution was added to a finai
concentration of 0.7 mg/ml. The.samp1e,was loaded into a VTi 65 rotor
and Centrifuged at 54,000 rpm for 12-16 hours: The.banded plasmid DNA\
was collected and the ethidium bromide was remOved‘by n-butanol

]
extraction and the CsC]z was removed in turn by dralysrs agarnst two

changes of TE (pH 8.0) for 24 hours

- D. Rapid extraction of plasmid DNA

| Rapid extraction of p]asmid DNA forlanalytical purposes was done‘~

' :according to Birnboim and Doly, (1979) A 1 ml' volume of a saturated
culture was centrif%ged for 1 minute 1n an Eppendorf nﬁcrofuge. The
pe]let was resuspended in 100 ul of lysfs so]ution (30 nM’Trts HC]
10 nM EDTA 1% g]ucose, 0 2 ng fresh]y adﬂed 1ysozyme, pH 8. 0) After .
1ncubation on 1ce for 30 m1nutes, 200 u] of 0 2 NaOH 1% SDS was ' added “

, and the so1utjon kept.on ice for.another 5 minutes. Chromosoma] DNATandrr?n

'pnotein wére precipitated by addition of 150 ul of 3 MuNa aoetate‘(pH

1“":5«6),‘ incubation on ice f'Or-‘ 45 “minutes, and centrifugation fvor-..S'

-

™y



minutes in a m1crofuge The DNA 1n the supernatant Was prec1p1tated by
the addition of 95% ethanol and 1ncubat10n at. 70°C for gd minutes. The
pel]et was resuspended in 100 u] of 1.0 M Na acetate (pH 6.0). The
1nsoTub1e precipitates were remoued by centrifugation for 2 mdnutes.
The superpatant was repreoip1tated.1nl95% efhanoT and washed once‘u1th

'70% ethanol. The dried pellet was resuspended in 100 ul of TE.

E. Phage DNA‘preparaﬂon o N | S
The procedure is mainly adapted from Manfatis et al.,V(l982)s A

500 ml volume of LB plus 10 mM MgSOq and;0.2% maltose was 1nnocu1a;ed
with 10 ml of saturated NEM 259.and‘1ncubated at 37°C w1th vigorous
"shaking untiT‘ODgso of 0.4 was Teathed. The cell culture was then
infected with sufficient oTatelTysate (approximate]y 1.6‘k‘1011‘pfu)
and maintained without shaking at 37°C for 20 minutes to allow phage
absOrption.lThe infected culture was incubated with shaking unti]
; extensive‘Tys{s'occurredv(00550 dropped rapidTy). Ten mT'of chloroform
“was addediand the culture was shaken at.37°C for further, 30 m1nu£es. |
The Tiquid Tysate was cleared by centvifugation fo]lowing the addition
of DNase and RNase 1 uT/mT each) and NaCl (0 7 M) for about one. hour-.
The phage part1cTes were pvec1p1tated by addition of soTid poTyethyTene |
’ngTyc01 6000 (10% w/v) and coTTected by centv1fugat10n at 11 000 x g for
10 minutes. The peTTet was suspended in 10 mT of M buffer (per 11tev
5.8 g NaCT 2 g MgSO4 7 HZO 50 mM Tris, 0. 01% gelatin, pH 7 5) and |
extracted twice with 1 voTume of - chTorofovm. To each ml of the
recove;ed aqueous phase, 0. 75 g of CsCT was added. The solution was
~ Toaded 1nt0'a“SW 50.1 rotor and centrifuged at 35 000 vpm fov 24 houvs
at 4°C The phage band was coTTected 1nto an Eppendorf tube. A 1/10

l



. 1ncubat$pn of the mixture at 65°C for 10. minutes.

12

vo]ume of 2 M Tris HC] 0.2 M EDTA’(pH 8. 0) soTution'and 1 volume of
formam1de were added After standing at room temperature for at 1east -

.

- 30 nnnutes, 1 volume of HZO and 6 vo1umes of 95% ethano] were added’

fol]owed hy 1mmed1ate centrifugat1on The phage DNA pel]et was washed

in 70% ethano] and resuspended in TE ‘ “r”f

F. Restriction _enzyme digestion

A11 the restrict1on endonucleases were used as recommended by the
manufacturer Typica11y 1 ug of DNA was digested 1n 20 ul vo1ume with 6 -
un1ts of enzyme at 37°C for one hour for plasmid DNA and at least 3

hours for high mo]ecular weight DNA. Reactions were stopped by
\

- DNA 1igation

Punified'DNA samples were mixed inAa'3-5 : 1 molar ratio (insert

P

ends to vector'ends) in 20-50 ul o?.reaction buffer which contained 50

m TrigﬁhC1 pH 7.8, 10 nM'MgCIZ, 2 nM'dithiothreito1 1 oM adenosine'
tr1phosphate, 2mi spermine, and 50 ug/m1 bovine- serum a]bumin. After
add1tion of 0 1 unit of T4 DNA 1tgase the reaction nﬁxture was

1ncubated at 14°C for 8 16 hours.

H. Gel electrophoresis
DNA preparations were routine]y ana1yzed on horizonta] submerged o

agarose gels. A solution of 0.6-0.8% agarose (ngma type II medum EEQ)

Lo was me]ted in TAE (40 nM Tris acetate, 2 mM EDTA pH 8.0) and cast in

the electrophoresis apparatus.‘DNA samples were. mixed with 1/10 volume

f 0 03% xylene cyano] 0. 03% bromophenol blue and 10% glycero1 and
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loaded onto the gel. The gel was run in TAE plus 0.5 ug/m) of ethioium

bromi de ot 30 volts for lzméo_houvs at room tehperature. After
electrophoresis, the DNA wos visualized with long waveTength uv Tight‘
and photographed WTth a Polaroid MP4 camera. ‘
I. DNA tecovery from agarose gel ' s
A 0.8% low helting‘pointvagarose (Sigma) gel was made the same‘wa}

as’ described above and the restriction fragments were separated by

electrophoresis on the gel. The desired fragment band was cut out of

the gel with a razor bTade. The slice was melted and péssed'through an
Elutip-d column (Sch1e1cher and Schu]]) following the manufactuver s
1nstruct1ons Recovered DNA was ethanol precipitated and resuspended in

TE.

J. Nick translation
Radiolabeled nucleotides were incorporated into DNA‘by‘nick !

translation‘as deScribed by Davis et al.,‘(1980) with hihor

mod1f1catlons. The veaction mixtuxe ‘of 50 ul finaT voTume contained 0. 5 '

ug DNA, 50 m Tris HC] (pH 7.2), 10 mM MgSO4, 0.1 nM d1th10thre1to] 50

ug/mT bavine serum aTbumin (BSA) 0.2 mM dATP dGTP, and dTTP

'apptox1mate]y 100 uC1 32P dCcrp,. 0. 02 ng DNase I and 5 units of DNA

“ o polymevase I The reaction was cartied out at 14°C fov 2 houvs, and

stopped by the addition of an equaT voTume of 200 mM EDTA, 2 mg/ml

sonicated salmon Sperm DNA, and 0 2% SDS The reacton’ mixture was

'Toaded onto ‘a coTumn of Sephadex G 50 equilibrated in TE (pH8 0)
The nick tvansTated radioactive DNA was coTTected by the Spun-column f

-procedureldescribed by Maniat1s et azg,_(IQBZ); The total incquoratioh

r

-~
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"was determined by counting an alfquot of the collection in 5 ml of
distilled watev in a Beckmen L8 7500 liqu1d sc1nt1]1at10n

pecttophotometer,

K. 011go labelling
Fer'geﬁoﬁ1c'southérn blots, radioact19elprobe was made by oligo

labelling as described by Fefnberg and Yogelstein, (1983‘1984) except
for the use of putif1ed DNA. The 1abe]11ng reaction was started by
add1t1on of the following reagents in orden. Ho0 (to a'total vo]ume efﬁ
50 ul), 10 ul of the"ngo 1abé111'n_9 buffer (OB, see later) 2 ul of 10
e‘mg/M] BSA, 5 ng ﬁNA (heated to 95-100°C for 2 mfnetes followed by
jmmed1ate‘1ce bath), 50 ;Ci of 3?P‘dCTP,.-Z units of large fragment of
DNA %?1ymerase I: The reactien mixture was 1ncubdted at 37°C for 12-16
~hours and the reacﬁion‘was’stoppedrby additionyof an ‘equal vofume of
200 mM EDTA, 2 mg/ml sonicated salmon sperm DNA, 0L2%eSDS. Specific
H activity of the 1a6eled DNAvwes determin{éges descrfbed above fer‘niek
translation. The OLB was made by addition of a1 m vo]ume'of 1.25 M
‘Tris HCY (pH 8. 0$ 0 125 M MgC]z to 18 ul of 2- mevcaptoethano] and 5 u]
of dATP -dGTP, dTTP (100 m each) The vesu]ting solution was then ‘
' mixed with 2 M1Hepes ng 6.5) and hexadeoxyribonuc]eo;1des‘(Pd[k]6,
Pharmacia) (in TE at 90 oo units/ml) in a ratio of 100 : 250 : 150. The
'buffer_was étoreq'at f20°c end used repeatedly for up to'thfee months.

L. Fﬂter hybridization BT e
L E.coZt cells transformed w1th an hybrid: p]asmid DNA pool were

| screened by filter hybridization according to Maniatgs et az., (1982)

o Cells were transformed and pIated on a LB p]us ampic1111n plate as
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described earlier. When 1nd1vidua1 co]dn1es had grdwn to approx1nately
1.0 mm 1in diameter, a'n1tr6ce11ulose f1iter was placed onto the plafe
for several seconds then pee]ed off with hﬂunt ended forceps. N1th :
co]ony side. up, the f1]tex ‘was placed on a piece of Nhatman 3MM paper:
‘saturated with O, 5 M NaOH for 2-3 m1nutes and repeated.once. The f11ter |
was blotted on a dry paper towe] and transferred to another 3MM paper
satunated.with 17M Tpis_HC] (pH 7.4) for 5 m1nutes‘and iepeatedqut was
‘then baked for 2 hours at 80°C in a vacuum’osen. o

For Southern transfers, DNA fragments‘weredseparatéd on an agapose
gel and transferred onto a pdece ofvnitroce11u1pse dr diazotized paper
as descyribed by davisvet al;, (1980). After e]ecthophores1s the gel was
placed in:a tray‘wfth 250 m] of 0 25 M HC1 andnshaken gentTy for 30
minutes with one solution chanqe ‘This so1ut1on was then rep]aced by an
equal volume of 0.5 M NaOH, and 1.5 M NaC], and the gel was agitated for:
anothet 30 m1nutes ‘with one so]ution chanqe. After: being neutra]ized 1n
500 ml oflO 5 M Tr1s HC1 (pH 7. 5) fov 30 minutes, the gel was placed on.
2 pieces of damp 3MW paper. and covered by a p1ece of nitroeellulose of ;
dlazotized papev 5 sheets of 3MM paper and a stack of abou:\g‘fﬁ‘bf‘
paper towel with al kg weight on top Al] the papers were cut to the
gel size. Transfev of DNA was allowed to proceed for 12 houvs or

Tonger. The fi]ter was soaked in 6 3 SSC (150 nM NaC] 15 nM‘tr1sod1um '

' hcitrate) fov 5 nnnutes and baked in a vacuum oven.

. Hybridization of the f11ters to a'32P labeled pvobe was - done -
'according.to Thomas (1980) Each f11ter was prehybridized 1n a 10 qL

; ,ﬁvolume of 4 x SSC 0 1 g Ficoll 0. 1 g po1yv1ny1pyrvo11done, 0 1 g BSA"

‘40 nM sodium phosphate (pH 6. 5), 50% v/v formam1de 250 ug/ml sonicated

and denatuved salmon sperm DNA ana 1% dextran\su1fate for 8-16 houvs at
) A¥ . .

'
[

s



Byq; d‘zat1on was continued for 8~12 houvs at. 42 C.'The blots were

‘ .
}%k?d-with 3 changes of 2 x SSC 0.1% SDS at room temperature and 0,1%
SDS at 50°C. Eacn'wasn took 5-10 m1nutes. Blots were wrapped in Saran

wrap and exposed to Kodak X-ray film using an intensifying screen-at

L
"

-70 C.
Genomic. Southern hybr1d1zat1ons were done as described by Klessig,

AT
and‘Berry,(1983) and o]igo labeled probes were used:

\
A v

M. Droeophtla mlanogaster stocks

"&
Al the f]y stocﬁs were routinely na1ntained on a standard yeast-

ta
¢
-‘suerose medium (Nash and Bell, 1998) at 25°C or as indicated
elsewhere. Table 1 gives a complete st of all D.melanogaster stocks
used ahd'fhe1r'origfn.f‘

{lg ol o, o ! ‘ ' .
' ‘_ﬂ }‘ - : : b |
N. Microinjection . S Ry

.{

~ The protocol used for microinjection was describeﬂ by Rubin and
Spradling (1982) with some minor modifications. Embryos wgre colleced
at half hour 1nferva]s on 1.5% egar plates spread(with yeast. The
ehbryos were»dechorionated by rolling on double‘éfick tape.on a slide
and lined up at the ‘edge of the tape with their postetior end
pvotruding over the edge. After drying over a desiccqting silica gel '
.. for about 10'mﬁnutes, the embryos were covered with halocavbon oil
(series 700) and were ready for injection.
| Tpe peedles were prepared by pu11ing siliconized 25 u] capillary

p1pe%te§;po a sharp point in an electrode pul]ev (Aloe Scientific). The
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Table 1.

\ Drosophila melanogaster stock st 9
Strains : Designation in text ’
Canton-S ' wild type
Ddct4 pr variant
pdate? pr Ddctsz ‘
pde™” /oy o 1 n7/Cyo
e /0y 0; Sb/Tm3, Ser * balancer stock, n7/Cyo; Sb/Ser
kk (San Diego) , hk -

% Genotype designations a‘nd original references are given as 1n

. Lindsley and Grell (1967).

t  Dde" chr-omosome carries rdo hk Dde™ pr
CyO chromosome carries In(2LR)0, dp Cy pr cn

* b chromosome carvies 5b63b, “and | |
Tm3 chromosome carries ‘ﬂns, ripP eep b¢?4c e Ser, respectively.
The stock Sb/’Seﬂr was obtained from Dr. J. Kennison. This |
stock was mated to the pde™ /cyo flies .to establish the

"Ddc"?/Cyo; Sb/Ser stock. All the other stocks listed were

obtaiped from Dr. R. B. Hodgetts. ) - 1
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‘tips of the needles ‘were br?ken to a diameter of about 1 um under 100 x
m;gn1f1cat19n by forcing it into the double stick tape.

The DNA for injection was ethénol precipitated and resuspended in
the injection buffer (5 mM KC1 and 0.1 mM sodium phosphate, pH 6.8).
The f&nal DNA concentration was 300 ug/ml for the transforming vectors
and 100 ug/ml for the helper vector, px25.7 wings clipped. (obtained
from Dv? Mar-sh) ’

The slides to which the host embryos were affixed were placed on
the nﬂcréscope sfage and. a Leitz micromanipulator was used. The /
manipulator controls were used only to move the microinjéction needle -
1nfo the focal plane; the stage and the focus c0nt;ois were used to
positifon the embryos.,

Tﬁe 1njected'embyyos were grown at 18°C under oil in a‘slide
storage box with high humidity in it. The hatched first instar larvae
were t:ansferred to standard media at 25°C and the emerged adults were
individually crossed to approﬂriate chromosomal balancers to screen the

transformants and further investigate the integrated gene expression.

0. In sftynpybridizafion to polytene chromosomes

N IQ351tu>hybr1d12a;10n‘to polytene chromosomes was performed
" according to Pardue and Gall (1§%5).JLarvae were grown at 18°C at low
density. Late thfrd 1n§tar larvae were collected and salivary glands
~ were dissected out in 45% acetic acid. After being trénsférred onto a
new slide, the -glands were covered with a siliconized cover slip and
squashed by applying a firm thumb pressure on the cover'slip. ihe cover
slip was q]1pped off after tmmersion in liquid nitrogen for several

seconds. The slide was then submerged in 3 : 1 ethanol : acetic acid to

*aa
o .
.



fix for 3.miﬂgtes, dehydrated in 95% ethanol for at least 5 minutes
(twice), air dried and stored at 4°C, The slides were heated in 2 x SSC
" for 30 minutes at 70°C, RNase treated (0.1 mg/ml Sigma RNase A in 2 x
SSC for 1 hour at 37°C) and denatured in 0.07 N NaOH for 3 minutes.
Each treatment was'foi]o;ed by 3 times 70% and twice 95% ethanol
dehygration and air drying. Then onto egch slide 20 ul of hybr1d1zat1oﬁ‘
mixture were added and a cover slip was app]fed. The migture consisked
of equal volume of denatured DNA (3H labelled nick translated Idc
probe, 3 x 104 CPM/ul, and son1catéd salmon sperm DNA, 0.4 mQ/m]) and
hybridization buffer (in 5 ml, contains 0.2 ml 50 x Denhardt‘§
solgt1on, 1\9 ml 50% dextran su]bhate, 0.66 m1 5 N NaC1, 0.1 ml MgCl;
and 0.2 m! 0.5 M sodium phosphate buffer,lpH 7.0). The s1ides were then
placed in a sealed moist chamber, and submerged in a 65°C water bath
‘for 12 hours. To terminatg the hybr1dizatfon reaction, the covef slips
were removed and .the slides were washed 3 times at 65°C, and twice at.
rroom temperature in a 2 x SSC solution. Finally, the slides were
ethanol treated and air dried. The.dried slides were coéted with
autoradiographic emulsion (Kodak NTB 2 liquid emulsion diluted 1 : 1
with distilled wéter) and exposed in a black slide box for one week at
4°C, then.developed for 2 1/2 minutes 1n>K6éak D-19 and fixed for 5
minutes in Kodak fixer. After rinsing throuéh se?er&] chqngés of 7
distilled watér (15 minutes), the slides were Giemsa staihed and

’

coverslips were added.

P. DNA extraction from small numbers of flies.
DNA extraction from small numbers of flies was performed according

to Coen et al., (1982) with minor modifications. Fifteen flies were
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frozen at ~70°C for a few minutes in a 1.5 ml microfuge tube cdntaining
200 ul of 10 mM Tris, 60 mM NaC],‘S% sucrose, 10 mM EDTA, pH 7.5, then
gently homogenized'1n the tube. After addjng 290 ul of 1.25% S?E: 0.3 M
Tris, 0.1 M EDTA, 5% sucrose, 8% diethyl pyrocérbonate (freshly mixed),
pH 9;0, the extract was 1ncubated‘at 65°C. Then 60 u1 of 3 M Na acetate
pH 5.6 was adaed and the mixturefkept'on ice for 45 minutes. The
'prec1p1tate Qas spun down for 5 minutes and the supernatant added to 2
volumes of ethanol. After staﬁding for 2 minutes onlice, the ethanol
precipitate was spun down for 10 minutes. The pellet was suspended in
’200 Q] of freshly prepared 0.2% diethyl pyrocarbonate and left to stand
at room temperature fog 30 minutes. The ihsolub]e preciptate, appeqring
after centrifugation, was discarded. Three volumes of ethanol were then
-adde& and the nﬂxfure left on ice for a furthet 2 minutes. The DNA was

spun down for .10 minutes, washed with 70% ethanol twice, vacuum dried

for few-a minutes and dissolved in 30 ul of Tris buffer pH 7.5..

Q. DOC enzyme and protein assays H
DDC enzyme ;sSays werezperformed mainlyvaccording to McCaman et

al., (;972). White prgpdpae and ﬁew1y emerged gdults (O-Z,ﬁouns)gweré’
collected and immediately frozen in the -70°C freezer. Extracts for
enzyme assays here prepared ét a concentrationqu 20 mg live weight per
ml in the extractfoﬁ buffer (0.3 M suqroSé;WO.Z M phénylthioureavand’
O.i M sodium‘pho§phate,‘pH 7.1) in a glass homogghizer. The extract was
centrifuged at 27,000 x g for %p nﬁnytes. The supernﬁtant was used for
assays. Each éxtrabt»was agsayed fof DDC activ:ty 1n‘three'dup11cates.- B

For each assay 5 ul‘of the extract was added into a 10° ul volume of

reaction solution in an Eppendorf. The solution contained 0.4 -mM 3
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L-~dopa, 0.5 nM‘unlabe]1ed‘L~dopa and 0.1 mM pyridoxy]-S' phosphate: in
0.1 M sodium phosphate, pH 7.0. The reaction mixture was incubated at
30°C for half an hour. Then the reaction‘was'stopped by add1t1on of 300
_ul of wash buffer (0.05 M sodium phosphate, pH 7 0) and 100 ul of O. 1M
diethy1hexy1phosphoxic acid (1n Ch]OlOfOlm)x Phases were mi xed by
‘vortex1ng and sepavated by a brief centrifugation Then the aqueous
phase was d1scavded " The ovganic phase was washed again with 300 ul

huffer followed by‘centrifugation. Fina]]y,.SO u] of the organic

~ phase, containing the dopamine formed by the enzyme reaction was taken

for scinti]Wation counting One unit of specific activity is defined as
the amount: of enzyme activity requ1red to decarboxylate lpnmole dopa in
. 30 minutes per mg total,protein. Protein concentrations were determined

»

as described by Spéctor (1978).



RESULTS

A. Construction of the pZ plasuid
| To .locate the regulatory element(s) of the variant Dde*t? gene,’ the
"pZ -plasmid was constructed. The cloned recombinant phage,)\ls (Este]ie
and Hodgetts,,i984b), was used as the source ofvthe Ddet? gene. A 7.6
kb Pst I restriction fragment was chosen fon the functional test‘based - b
on the experiments of Scholnick et al., (1983). This inc]udes all of .

the Dde transcription unit plus 2. 5 kb of 5 and 1 kb of 3" flanking

‘ -region DNA (see Figure 1). There are about twenty Pst I sites on the

phage. However;»oniy one of the‘Pst I'fragments is homo]ogous to a Dde
ptobe (data not shown) . ( We subcloned the fragment»correspondingito
dc*4 into the HDlac plasmid, obtained from Dr. Larry Marsh (Figure
:

2), using a "sh{ gun” strategy, as descnibed below.

"X 15 was digested‘with rest}iction enzyme Pst 1 and'ligated with
Pst 1 treated pHDiac DNA as described in Materials and Methods. The
resulting recombinant DNA mo]ecules were used to transform E.coli . |
strain HB 101 which.was‘plated on LB plus ampicillin. The transformed
colonies were screened by filter colony hyoridization. A 32p 1abeted

3nick trans]ated 1. 9 kb Bam HI fragment was used as the probe (ptobe 1)

’_,__..

o which contains the second exon and intron and part of the thivd exon of

i

the Lub gene (see Figure 1). Among the appvoximateiy 1,600 co]onies
'scveened fOUt hybvidized with the pvobe. They were piated out again and |
rescreened. One of them was: then chosen for further analysis and from a |
singie weii-separated coiony, a cell culture was nade. The. piasmid DNA

' was isolated and ana]yzed hy‘vestriction digestion‘and gel

'eiectroohoresisa‘The;plasmid was designated-as pZ -and its construction



. Figure 1. Restrittion‘map bf the buc Eegion. The apprbxihéte
. location of the Lub ttanscription unit 15 indicated
above the resttiction site map (Estelle and

Hodgetts, 1984b Hodgetts persqna] communtcatidn).
S ~Intron sequences are represented by dashed lines ‘-:

and exon sequences by cross hétchedAbo*es.

The asterisk indicates one of the }estriction_sife

‘polymorphisms betWeeh cloned LUc*4{and the Canton-S

Dde DNA. This site is‘missing in Edc*4 DNA.

The bold Jdines beneath the vestr1ct1on site map

veptesent the probes used in this study.

ol
1
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Figure 2. Construction of the hybrid transforming plasmid pZ and

pl0lac.” A recombinant phage >J5 (Esfe11e and Hodgetts,
}984b) which spénnéd‘the entffe Dde gene and both
‘fiaﬁking Pstl.sites ;ég used'a5’50Urce of the variant
pdct? DNA _The phage was digested with Pstl and
]1gated w1th PstI linearized pHDlac DNA The resu1t1ng
recombi nant DNA poo] was used to transform E. coll

"stra1n HB101 and plated on LB plus amp1c1111n The
colony‘containjng‘the pZ p1asm1d§ was,screened out

*with probe 1 (Figure 1) énd further examined by

restriction analysis.

" The plO0lac was éonstructed“py 1igating a purified-7.6

kb PstI fragment containing the Canton-S'wi]d type
der1ved intact Dde gene to Pstl 11nearized pHD]ac DNA.
_Both pHDlac and plolac p]asmlds were obtained from

-

.Dv. Lavvy Marsh

’

.
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is’summarized in Figure 2.
Another transformjng p1asmid7 pl0lac, was also obtafned trom Dy
‘Larry Marsh._This p]asmid has the 7;6 kb w11d‘type idc* Pst 1 fragment
einserted in pHDTac vector as .depicted 1n Figure 2. ’ ’
Frgure 3 shows the restriction ana]ys1s of 'pZ and plOTac plasmid i
"DNA Pst -1 restriction reveaTs the sim11ar 7 6 kb 1nsert1on fragment
‘for both pTasmids Hrnd I11 digestion reyeals the known restriction '
site po]ymorphism which distinguishes the Eﬂc*4 sequences from the
Canton S sequences (EsteTTe and Hodgetts, 1984b) This site, wh1ch 1s h
‘indicated by an asterrsk in Figure 1, is rmss‘lng 1n the Ddc+4 DNA. Thus
the 5' region of Luc 1n plOTac was cut into 1.2 and l 8 kb fragments,
by Hrnd I1I, whereas this enzyme produced ‘a singTe 3 kb fragment 1n
pZ. This is just one of the“DNA’poTymOrphisnS'that serVes‘to J“fé
d1st1ngu1sh the Dde gene der1ved from Canton-S from the ,Ddc+4 var1ant

strarn {Estelle and Hodgetts, 1984b)

‘B.léenn Tine transformation"

The' f1rst series of experiments 1nvo]ved the 1njection of “embryos - ‘d

from the Ddctsg strain with the p101ac transforming p]asmid However,
theé survival rate of the 1nJected embryos ‘was extreme]y 10w. The data
presented in Table 2 show that out of 964 injected embryos, onTy 73
Hhatched and 9 fina]ly deve]oped into adulthood These data prompted us_
to examine the naturaT“ hatch rate of L&btez The embryos were
“c011ected nechanical]y dechorionated covered with halocarbon oil and L
| | pTaced in a highly humidified sTide store box. These embryos thereforef“
underwent a]] the nanipulations for transformation except 1nJect1on.»

T Only 45 hatched out of 137 collected’embryos (0 33) This 1mp11es that‘

P



Figuve 3. Restrict1on analysis of the tzansform1ng p]asm1ds
~plOlac and pZ. Approximate]y 1ug/slot of DNA was .
restricted w1th endonuclease and e1ectropho:esed on a
0.8% agarosg gel. Slot 1 conta1ns,XDNA restr1cted wlth‘
EchI whicn;sérved as mo1gcu1ar weight markers. Slots
2 and 4 Eontain pZ DNA, and slots 3 ahd‘S contain
plOlac DNA. The ﬁNA 1ﬁ slots 2 and 3 was digesfed‘wi}h .
Pstl, 1n 4 and 5 with HiﬁdIII; ' o
o "The nblecular wéighf éf the fastest baﬁd 1n.s1ot 4 was
s]igﬁ}]y gfeatér (<100 bp) than that'in s1ot 5i The
difference seen in thésé‘two'vectof—insért,hybrid '
bandsﬁmqy‘refiecf alpo1ym¢rbhjsm‘which-had‘nqt be
detected in the ‘previous study by Estelle and Hodgetts

(1984b).
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~TABLE 2. Survival rate of wmicroinjected e!bryos

A

Recipient ' Donor DNA  # Embryos A # Gg # Fertile
Str-ains ~ lInjected Injected‘f Lar§aeT. . Adults,. Adults
pdote2 ' plOlac - 964 73 9 3
. Canton-$ pl0lac 1444 505 1y 72
Canton-S . pZ 427 168 39 27

,
'

““4 —_

3¢

t First instar
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the major cause E)f Jethality amongst the 964 injected Ddct€2 nost was
the manipulations that preceeded injection. The same experiment was
dpne on Canton-~S embryos as well. The hatch rate was 0,77 (56/73) under u
the same conditions. This comparison revealed that Odct®Z was a‘ less
suitable transformation host than the Canton-S wild type strain. For
this_reason, Ahe rest of the microtnjections were performed pn Canton-S
embryos with plOlac or pZ hybrid plasmid DNA. As the data in Table 2
illustrate;, the use of the Canton-S strain as a recipiént not only
yielded more first instar larvae, but also gave mén@ surviving G .

adults than the .Ddctsz host.

C. Identification of the Ddc?82 transforjlnants

 The nine pdcte? Gy flies which survived the injection of plOlac
DNA were individually mated to balancer-hd@]ts of the appropriate sex
(see Figure 4a). The resulting G; embryos were tr-énsfen-ed to 29°C and
the vials were scored for the presence or absence of straight winged
flies, .since all the Ddctez/Ddc’” flies (with straight wings) would die
at this restrictive temperature unless there is an integrated pde wild
type gene funétioning‘somewhére in their genome. Therefore, any of the
Gy flies which gave rise to straight winged Gl progehy were considered
as putative transformants (Eiig’ure' 45‘),' As shown in Table 3a, TI0-c and
T10-g did not produce any straight winged progeny and were d\iscarded;
T10-d gave the desired offspr;'ng énd ‘was ﬁaintained. To aetevmine the
site (or sites) of the Dde insertion, the G) adults were selfed. As
shown in Table 1, the Dde™ chromosome carries the recessive marker

genes rdo hk and pr linked to the Dde locus. If the exogenous DIde gene
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Figure 4. Crossing scheme used to select the putative
transformants ‘among Ddc?®Z derived Gg adults.

Ddct®2 Gy flies were individually mated to the

balancer adults of the appropriate sex. The Gy embryos

were then transferred to the restrictive temperature,
"'29°C. Among the G} adults, the'uiqtsz/bedcﬁ flies
(strafight wings) will not a;;pear‘ u;ﬂeks they are . .
rescued by integrated Dde* gene(s). The Gj putative
transformants were ée]fed. Among the Gp progeny: a. if
the exogenous Dde gene 1n‘t{egrated but into the third
chromosome one‘ would ObS€i-v& n7 homozygoﬁs'progé‘ny

with n,iro hkgr phenotype; b. if it integrated into X

»

chromosome, one would get a I%2 sex ratio; c. if it . .

A

integrated into the second chromosome, one would

never get any n7/n7 homozygous progeny. .

[
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" Gg Ddct®? s pdet82 5 % [ 4 X n7 /4o Sb / Ser
|»
| v
\‘ ‘ R
o) " Ddet82 s opp oy s/ % L\\
\ | \
\ l
\\
‘ v ‘
G \\ n7 /7 Sb/*
b. \
G, X */ X X X * Y
:\v I'
\\ V
_ ‘ .
Gy COXA XK XA X XK Y XY
\ N
\ 1 | 21 S |
\
\\ (die)
C. o ‘ '
61  Dgotez */pde™’ X Ddet®2 #/pden?

Al

SV

G2 1 Ddet®2 #/pdet82 i n7/m7
1 : 2 : 1

(die)

* indicates a chromosome carrying a newly acquired Dde gehe ;

as a result of P element me jated transformation.
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TABLE 3a. 6 progeny of the injected ndcte3

T10-1

G "\‘ # Gy . Phenotypy |
Adults Sex . Fertility progeny ‘#Curly wings ‘#Stéaight wings
T10-a F - 0o - - -
T10-b F - 0 - -
T10-c Fo ~ 190 90 0
T10- Mo + 138 . R | 6t
T10-e F - 0 - -
T10-f M - 0 - -
T10-g M o 119 119 0
T10-h F - 0 - -

F - 0 - -

' ‘ -8
t Four males and two fema]e‘fé.

Table 3b. 6, progeny of T10-d line

Go # 6 v ~ ndo* Rk* pr rdo hk pr
Adult offspring ' M OF M F
 T10-d 86 | . 4 45 0 ©
- . .

' E,:———.
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one wouid expect that ndo hk pr flies should appeat among the Gz

‘ . progeny. If the gene integrated into the X chromosome (Figure 4b), one

would expect a l : 2 (male to fetnaie) sex ratio of the G2. Since we did
not tind any rdo hk pr flies anong the Qzuoffspping nor a significant
difference between the,nunhers of the twomsexes (Table 3b), we assume
that the exogenous Rﬂ:gene integrated 1nto the second chromosome

| (Figure 4c). The G2 population of T10-d was heterogeneous then,

contaimng both homozygous Ddct82 */Ddctez * and hetevozygous Ddct"i

i

"*/Ddc"7 flies. These can.not be distinguished from each other '}
phenotypically since both of them have purple.eyes as the only mutant
phenotype (Tabi'e 1). To make a pure stock;, the‘ser-ies of crosses shown
in Figure 5 was ‘performed. Five males were randomly setected for
individual matings "to the females of the hk as well as the balancer
strains. Three of these males turned out to be Ddcte2 */pde™"
heterozygotes. The other two were, honiozygotes and the one ehosen for
further work was designated as TlO-lw. | |
: L ‘ ‘l
R Identification of Canton-S transfomants

The screen for Canton -S derived tvansf/ovmants was’ based on the
assumption that a functiona] integrated Dde gene would vescue the
1etha] phenotype of homozygous Ddc"7 mutant fHes. AH the suvviving
Canton-S Go flies (Tah]e 2) were individua'lly mated to the n?/CyO :
strain. The original second chromosomes were then 'yeplaced by those
cari-ying Ddc"7 lethal mitant genes after two generations using the '
'crossin‘g ‘scheme‘ in ‘Figure 6a. In this scheme, puta‘tive ti-ansfovmants
were identified by their rdo hk pr phenotype in the G genevation.
‘:Tab’le 4 shows the data of all such Gz pvogeny fvom these crosses. AH |



o

Figure 5. Cross1ng scheme used to make a homozygous transformed y
“iline derived from 1n3ected detez embryos Randomly
‘selected T10 d males were. 1nd1vidua11y mated to hk

v1rgin fema]es. The heterozygous ma]es would yie]d hk
as ‘well as non—hk F1 progeny; while the homozygous
males wouid produce On1y‘non—hk progeny. Three oayo

later these males were further méted'to n7/Cy0 virgin

females 1nd1v1dua11y.‘tur1y winged F) were se]fed. The

' pfogeny of the homozy gous oa1es we{e saved for further

study. j



Ddct®? * [ n7  or

Ddcte2 * / Ddetel * n?/C‘yO

k. X
(ma]eg) ' ﬁ l {females)
|
|
v

(fema1os)l

N

€ — ——— —— =

‘ | . Ddote? / o
. On]y'if‘no hk progeny H l
" appeared, would the |
crosses on the righf | ' F
. A V

-be continued.

Ddctsz * / Ddctsz e

L 1nd1cates a chromosome cavty1ng a new]y vau1red

Dde gene as a resu]t of P element ned1ated

~ transformation.-

Y



‘Fi'gur»e 6a‘.
| Crossing schen{e used»'to replace Diic_ﬂ; él]e1es\'
by Ddc"7 alleles in the Canton-$ der;ivéq Gg-
adults. Canton-S G flies were individually mated
D to the n7/Cyo adu]fs ‘of the appropriate sex. The |
| Ddc"7/+ Gy males (straight,wfngs) were back—
crossed to thé balancer ag'a‘ivn. Among the Gy
progeny, those which shpwéd n7 homozygous
‘pheno{:ypes were s:qved. o
6. |
Crossing‘ schemé u;ed to make honiozygbus
. transformed 1ines. derived from .the‘ injected
- Canton-S embryos. The G2 fiie§wdéscfibed in Figurel
Ga‘_weye,hated,to thé'baléﬁ;gr $to;k.‘G3 progeny .‘
was se1fed:'Am6ng‘the Gd progeny,;those thch ’
showed fhe- 'noh-s_b phe‘nOtypes were ‘consider-ed as |
‘:jthe hoquygdns'transforménts and‘séyed foé;furthér’*

vstudy,‘

Gees /



‘ 39
- . -
6a. } : R
- GO i R / + x / + X n7/ Cyo ; / A ‘_,
. “ '/
Gy n7/+ 3 */+ X nm7/ cyo; + [0
or n7/ by b foA | | N
(males) | g
o - AU '
- G2 n7/m75 X/t
n7 /nz; 4 [+ (Die)
6b. \ |
Gp n? /m73 % /4 X n7/C'y0 sb / Ser
" /0 Voo | S
Gy n? /n7; * |/ b X‘ n7? / C'yO Sb /ISer' »
l" A
Gy E n? /m7 ;. % [/ * -
* indicates a chromosome cany‘lng a newly’hacquhed

Ddc gene as a resu'lt of P e1ement mediated o L

——r

t;-ansfor-mation. ‘
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TABLE 4. ~62 of‘Canton—S-défived putative transformants

G Donor ONA .t . Stock -
Adults t  Used  Sex rdd? mk* pr* o no hk pr Established
’ 4 ' ‘ ‘ d) L%§v o :
€10-1 " 'pl0lac  F - 128 i 2 | |  ' +
C10-3 plolac M 145 3 | o
€10-13  pl0lac |1F s 6 o o
¢z pz  F o 443 3 s
czglz' pZ - M. 281 | -6 »u S
CZ-13 oz | M © as0 B e
Cz-19 pz - M 221 e -
czs  pz oM sz 9. -

T Among all of the Canton S derived Gg adu]ts only these eight
gave rdo hk pr'progeny 1n ‘the Gz and were consideved as putat1ve

transfoymants,(Figure 7).



P : !
of the eight 1isted str~a1ns ‘ha‘d at lJeast two rdo hk pr G pr~ogeny ‘This
1mp]1es that all of them produced some homozygous Ddc"7/Ddc"7 progeny,
which survived due to the presence of an exogenous functioning Dde |
allele (Dde* ov pde*?) in their genome. To establish homozygous stocks,
the matrng scheme hsted in Figure 6b was carried out Unfor tunate]y,
and somewhat unexpectedly, all of' the Ddc"7/pdc"7 */* Gg flies were
'.sterﬂe IAs a resu]t five of the putatlve transformants were ]ost
Only ClO 1 CZ 12, ‘and CZ-13 were conserved by prompt]y back crossing
heterozygous Gj progeny to the ba]ancer stock. After back-cr-ossing for
two generatr‘ons C10 1 and CZ-13 could be ma‘lntained in homotygous '
condition, (that is, Ddcn‘7/Ddc"7 */*), . a]though still. with lower

| reproduction than the wﬂd type strain. However~_,< C2-12 could only be

carried in heter-ozygous condition, whrch”'is pde™’ /pde™’; */Sb.

léL Southenn"analysis of the transformants
. fhe cop‘? r‘rumb‘er-s of the inser’ted tr-ansposons‘lin the’ tr-a‘n‘sfor'med
.1ines T10-1, CZ-12 a‘nd CZ-13 were examined by genomic South‘er-n ' |
hybrrdizatron Hrgh mo]ecu1ar weight DNA was prepared from smaH

'numbers of fHes of these three transformed strains as well as the

‘ Canton S control strain. lhe DNA was digestesl with Eco’ RI then

fractionated on a 0.7% agarose gel, transferred to a n1troceHulose

o ,fi]ter and hybr1d1zed with a 32p qcTp labeled 1.4 kb Hrnd 111 fragment

' (probe 3, see Figure 1) Figure 7 presents the autorad1ograph of the.
" Southern b1ot._ DNA samp]es from the transformants all show a unique 6 6

kb fragment similar if not 1dent1ca1 to that shown by the Canton $

e samp1e These - bands r-epresent the Dde genes at the1r or191na1 location, :

at/37Cl-2 on. chromosdme 2L..(wr-1ght~et al.,. 1.9‘?6; Hi r-sh_and vDaviflson, g
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1981). Each transfdrmaht also'reveals‘onexadditional fhagment with ar
‘.”different length, 7}0.kh, é;i_hp and 3.5 kb for the DNA samples of the
T10-1, CZ-12 and‘CZ—iﬁ lines, respectively. These bands' represent the
‘{ntegrated genes at their new Jocations in the transformed Tines. The
different lengths of these fragments reflect the dffterent dtstances

~ from the transposon upstream to the nearest Eco RI sites. Since each
tested stra1n shows only one additiona] fragment the poss1b111ty that
more than one integration event might have happened or‘that mu]tip]e
1nserts at one locus might havefOccurred isrvery un]%kely.

F. In situ analysis of the transfornants ' ‘ ‘ K ??r ‘:'

) Lines CZ- 12 CZ 13 and T10- 1 were further ana]yzed by, cyto]og1ca]
study Late third 1nstar larvae from these 11nes were: co]]ected The
sa11vary gland polytene chromosomes were prepared and’ hybridized in
*situ to a i dTIP 1abe1ed nick trans1ated 7. 6 kb Pst I- restrrction
'fragment (probe 2, Figure 1), which was purified from plOlac p]asm1d
DNA Figure 8 .presents sample autoradiographs They show an extra
hybridization s1te other ‘than the band 37Cl 2 on the second chromosome
the natural location of the Dde gene The additiona] site of T10- 1 is
‘at the band 218 near the tip of the 1eft arm- of the second chromosome
~wnile that of CZ- 12 is at the band 998, the rfgnt arm of the third
chromosome. | ' |
) The preliminary autoradiographs of CZ 13 showed that the
e:additional uﬁ:site was on the nultip]y narked second chromosome which‘
“had replaced the original second chromosome (Figure 6a) we do not have
satisfactory explanation for this unexpected resu]t a]though 1t cou]d ‘

be the result of a ua]e recombination event which occurred during the 'gf'



’ )

ﬁigure 7.?So;£hern aﬁa]y#is of thé'Cantdn~S.aﬁdthe
| ' transformed 14nes 'TiO~1, pZ-12 and pZ-13. High
mo]écuian‘ﬁeight DNA wé$.1§o1ated from'émall_“
.numbers bf fiﬁes acc0rd%ng to toeﬁ ‘et al., (1982).
The DNA‘gas iﬁstriFtedHWfth EcoRr;dnq
‘e]éctnopﬁoreéed oﬁ a 0.7% agarbse‘9e1, then b]otted
onto a nitrocellulose fi]ter.'jhe»DNA on‘thé fifter
. was hybriqized with the o1igo‘iébg1led ﬁrdbefj
(Figure 1) and autoradiographed. Slots 1, 2, 3 and
4 contain the Canton-S, T10-1, ﬁZ—lZ,and pZ-13 DNA,

respectively.
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Figure 8. In situ analysis of T10-1, CZ~-12 and CZ-i3. In
situ hybridization, autoradiography and
photography were performed as 'given in the
Materials énd Methods. Preparations were probed
with nick translated probe 2 (Figure 1).
Arr-owheads 1nd1ca‘te areas of hybm‘d1zé;t1on,

a. hybr-idyzation‘ over band 37C1-2 or; chromos ome
2L, the original location of Dde allele.

b. hybridization over band 218 on chr-omosome 2L,
the exogenous Jdc gene location in line T10-1.

‘c. hybridization over band 998 on chromosome 3R,
the exogenous Dde gene 1oca'tion in line CZ-12.

d. h_ybridizatfon over band 53C on‘chromdsome 2R,

. the exogenous Ddc gene location in line CZ-13.
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course of selection. Further investigation of this possibility s being

under-taken.

G. DOC activity and protein assayls ’

To test the proper regulation of the 1ntegrhted transposons, the
DDC spooific activity of the three transformed 1ines was monitored at
pupariation and eclosion. Non-transformed Canton-S wild type and the’
varfant Ddc?? were used as the control strains. The onima1s at the
propey developmental stages werevcozlectedQ The DDC activity and the
total protein content were measured. The speoific enzymé activity was
calculated in units per mg total protein weight. The data are pr?sentéd
in Table 5. The ratio of the activities at pupariation and eclosion has
Aobtained. Thjs ratio can be'used to differentiate the wild type from
the Ddc'? variant (see discussion for detail). The line T10-1 carries
two transduced wild type .Ddc copies and two Ddc®®Z copies. The pdct82
alleles only contribute abodt 1% of the enzyme activity of the wild
type strain (Wright et ai., 1982). .however, the transfohmant thowed
only about half as much DDC activity as the wde type control did.'we‘
believe it may be caused bj-a chromosomal effect, which wt]]‘be |
d[scussed{]ater. The line CZ-12 haéyonly one copy of thé;P[Ddc*4]
~transposon while the line CZ-13 haS'tho i: its génome. In adoition,‘
both of them have two Dde™ mutant alleles which behave as il alleles‘
(Clark et al., 1978). The measurements taken from these two lines show
~an activity pvofi]e similar to Ldb*4 which is chavactevized by ‘
significantIy Tower activity at pupariation than ‘eclosion. As expected,
the hetevozygous 11ne CZ2-12 had about 50% DDC activity of ‘the vaviant

control strain reflecting the strict proportionality between gene



-

! Table 5. ﬁDC activity during development of

. Canton-S, Ddo*¥, T10 1, CZ-12 and CZ-13 strains ¢

_ DDC activity (units/mg pfotein)t . Ratio .of

A . R .
. Strains , Pupariation Eclodion Pupariation/Eclosion
~Canton-S - 392 + 21 280 (17 - 1.40
pdet4 _ 222 £ 13 381/t 11 | 0.58
f iy i

T10-1 ' 196 % 13 109 t 18 1.80
Cz-12 107 t 12 73 ¢t 14 0.62
- CZ-13 249t 9 369 t 41 0.67

t. Mean of 6 determinations on two col]ect1dnsAt standard deviation.

” . ' ('
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dosage and enzyme levels first noted by Hodgetts (1975) These
observations suggest that all the transformants have the same pattevn
of enzyme activity wh1ch chavacte:1zed the strains from which their

exogenous genes were originally derived.



DISCUSSION'

A. Selection of the transfomants | .

Selection of transformants among the offspring of)rn:]ected flies.
is usually based on phenotypic changes induced by the new gene carried
’ by the P element tr~ansposon,‘ and speciai mutations such as ry or~ Adh ‘
f“are ‘usually required in the host strain(Spradhng and Rubin, 1982;
Rubin and Sprad'ling, 1982 Goldberg et/ al., 1983 Lis et aZ., 1983
Dudler and Travers, 1984; DeCicco and 'Spradling,1984; Zehring et
_az., 1984; Cohen and Meselson, 1985' Garabedi.an"et ‘al ., 1985‘, and
Hiromi et al., 1985; Hultmark et al., 1986). |

Recently, a neomycin resistance gene (neoR) has been inserted 1nto
a P element vector and used as a selective marker (Steller and -
Pirrotta, 1985). The‘functioning of this bacterial gene rendered the
transformed,Lhoaophila Tarvae4resistant to‘the antibiotic G418 when
present in the food at a concentration of 1 mg/ml, which is otherwise
toxic to the anima]s. Since this transposon marker is seiectable in any IQ
genetic background, no special ‘tant strains are required as the
recipients. However, the transformants which express the neoR gene at a -
low level may be nnsscd by the screen because of the chemica] |
._seiection. e S BTN

In previous transformation studies of Dde u51ng P e]ement
transposons, the temperature sensitive nutant strain, Ddctsg was used
,as the host strain (Scho]nick et az., 1983 Marsh et az., 1985)

dctazpupae develop a yellow-green co]our at 25°C and " escaper

phenotype (a darkening at the extremes of the pupal case and an overa11< -
washed out colour) at 29°C in contrast to the reddish brown wild type |
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pupae. Se]ection of the transformants was thus based on the phenotypic
change of the Dde®®2 mitant host strain to the wild type ‘ |
Unfortupately, in our hands, the Ddctsz strain was a very poor

.host in the, transformation‘experimen—ts Ne showed that the embryos
‘derived from Ddct82 strain were not as hardy as those from the Canton S
‘wild type. As mentioned in the_Resluits,‘ 77% of the Canton-$S embr-yos‘
| 'hatched after being micro—manipuiated (except injection) whi]e only
| 33% of the Ddc”g embryos hatched fo]iowing the same manipu\ation In
addition, approximately 22% of the Canton- S derived first instat Tarvae
survived, the injection and managed to eciose while only 12% of the
injected Ddctsziarvae developed into adulthood as indicated in Table
2. These resu]ts prompted our use of the wild type strain as the most
aporopriate host for P element mediated germ line transfomation.

“ We did obtain one transformant T10 1, usmg the Ddctsz host, in
which a copy of the Ddc gene present 1n Canton S was integvated near
the tip of 2L. The remaining three however were veco‘vered fo]iowing the
';1nJection of Canton $ hosts.’ Th1S vequired vep]acement of the wild type -
a]leles at the Dde 1ocus by nutant a]leles following the integration
- event (see Figure 6a) *.
This seuection system is very, sensitive. Theoveticaily the minimum
| expreSsion of the integrated ttansposon, consistent with survival &
could be. recoveved. In our case, iess than 1% of the wiid type DDC '
activity in a viab]e transformed 1ine is sufficient fov iife (Huight ‘et
az., 1982), and pvesumab]y tvansformants with DDC leve'ls this iow could -
be - recovered Howevev. none of the transformants we recoveved had such |
- low 1evels of DDC activity (Table 5) :
| The majov pvobiem of the pvotocol we ultimately used is that a



considerable‘proportion‘of thevtransformants (about 2/5) could not be
‘recovened; If the exogenous DNA happened to integrate into the
chromosomes to'be‘replaced.(thehsecond chromosomes 1in this lmudy), the
selection scheme results in their being discarded (see Figure 6a)' had
we chosen a heterozygous strain (n7/Cyo0, for example) as host half of
the previously discarded potential transformants nnght have been
.recovered,‘since exogenous Dde gene integration on the n7 chromosome
"could'have‘occurred 'Furthermore,,if aheterozygous strainrhad been |

+ used: as the recipient it would have taken only one generation to
replace the original wild type allele However, one should be aware
that a quarter of the embryos (those that are Cy0/Cyo) from such .
strains are lethal and will’ not be rescued Wé)did not use a .
heterozygous host since the recovery . of every possible transformants
was not our essential interest It should be noted though that the
genetic scheme we have employed is generally applicable in P element
mediated transformation. Nhen there is no conditional nutation
available,‘or when the exogenous gene product is indistinguishible from‘

the original one, the replacement of the original wild type allele is

almost unavoidable.

Expression of- the P[Ddc*] transposbn o
| It has: been demonstPated that a P[Ddc*] transposon carrying the, U
}1‘7 6 Kh Pst I fragment of - Eub gene«region contains all ‘the essential
information for tissue and temporally specific expression of the de
'lgene (Scholnick et az., 1983) Marsh et az., (1985) reported that the fj
- .

| expression of the integrated transposons at different chromosomal

‘v;locations varied within about 30% of ‘the wild type controls. In this
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rstudv, ‘the'transformed Tine T10-1 carries theiP[Dldc*] tr‘ansposon‘ at a -
sing]e integration site within its genome as demonstrated by both '
Southern anaTysis (Figure 7) and cytoTogicaT mapping (Figure 8).
However it exhibits about 50% overall underproduction of the wild type
contr-oTs as shown in Table 5. | | ‘

In"‘the previous studies on Ddc mentioned ‘above aTT the enzyme
actrvity measurements were made in strains carryrng two copies |
of the Ddctsz gene in addition to the introduced genes In T10-1,
flies were - aTso carrying two Ddctez gene copies besides the integrated
Ddc* genes (Figure 5). The wild type Dde regron inserted in the
transposon is the same Tength as that previous]y used by other groups .
(SchoTnick et _al., 1983; Marsh et al., 1985) Thus ‘the chromosomaT '
Tocations of these transposons would appear to be the onTy vartable
between the Tiﬁe TlO 1 and the other repor ted transformants of Ddc In |
ettu hybridization of a lkk:probe to the Mine T10-1 polytene ‘ .
chr-omosomes showed ‘that the exogenous Ddc gene was 1nser-ted near-""the
tip of the Teft arm of the second chromosome (Figure 8) Cou]d this
integration site account for the Tower expression of the transposon 1n
the Tine T10-1 7 | “

There ‘have been severaT cases 1n which exceptional Tow Tevels of
expression of the inserted transposons have been observed. SpradTing .
and Rubin (1983) studied thirty six independentTy transformed Tines |
bearing P[rosy*] Three of these Tines had greater than a 50% reduction A
in the expression of the—exogenous roey* .gene. The Towest XDH specific‘fi”
activity neasurement was reported as only about 30% of the wde type '
)A“f activity. Hazelrigg et al., (1984) recovered two uhzte* transformants,-_%iv

which showed dramaticaTTy aTtered expression of the inserted gene. This “f'{
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was revealed by a oreatﬁreduction in‘the eye pigments‘and high
sensitivitj to zepression‘hy‘zeetélt Normally, expression of the
sestel phenotype requires the presence of two wild type copies of the
white 1ocCus. However the presence of zeete in the ttansformants
produced white eyed flies, consistent with a very 1ow level of
.expression of the exogenous vhite? genes. Interesting]y, in these two
1ines the P[white*] transposon integrated near the. centvomere and the
.tip of the third chvomosome, vespectivei; Chtomosomai telomeres share
nith the centromere the characteristic oflbeing heterochromatic in
morphology. It has been revealed that there is DNA sequence homoiogy
i between ‘the repetitions DNA at‘the tips‘of all the LmOsophéld ‘
chromosomes-and sequences within or near the centromeric‘
heterochromotin (Young'et al., 1983). It is possibie that the
heterochromatic 1ocation'ot a tranSposon could great]y ieduce'the
.activity of. an inserted qene, since position- effect variegation is
ascribed to just such- a phenomenon(Spofford 1976)

Despite the Tow expression ]evei .the data.in Table 5 show that
the ratio of the activities at pupariation and ec]osion for T10 1 is fh

‘ gveater than ‘one which is charactevistic of the Canton S stvain, from

‘which the tvansposon DNA was detived

Expression of P[Ddc*‘] transposons .t‘q'l
L&b+4 is a tegulatory vatiant stvain, which is phenotypica]ly

"._‘distinguishabie from the Canton S strain oniy by stage specific

f_differences in DDC activity (Este11e and Hodgetts, 1984a) The LUb+4

5qene does not produce any visib]e phenotype.,The cha:acterization of

K ,fxthe tvansfovmants catrying a P[Ddc*“] tvansposon thevefore was based on

R 4
7 .
. -~




)

55

enzymatic‘ measurements. Previous studies revealed that DDC activityl‘
measur-ed 1‘n'transformed Hnes bearing P[Ddc*] ti~ansposons ranged within
30-35% of the wﬂd type controls (Scho]nick ot al., 1983 Marsh et al.,
1985) This range of variation was a concern to us, since Ddet? did |
not differ‘fr-om Ddc*1evels'by mor-e than this. Thus enzymatic \
measurements from different Hnes at the same developmental stages
‘would not er]y yield conc1usive data since the vaviation 1nherent 1n ‘
the P[Ddc*q] transposon wou]d be 1ndistinguishab1e from that caused by
transformation per se (different,integration sites, for examp_]e).
However,  rather than comparing Dde* and pdet? transformants at the
same stage we chose to compare within stzain ratios of DDC activity at
two developmenta] stages. ‘The stages chosen were pupariation where .
Ddc+4 shows an “underproducer phenotype, and eclosion where it shows an
overpvoducer phenotype (EsteHe and. Hodgetts, 1984a) Measurements of
the ratio of DDC activity at pupariation to that at eclosion (RPE) 1in
Ddet4 yie]ded a va]ue of about 0. 5 whi]e the RPE from the wi]d type
was about 1.4 (Table 5) When the RPE was re- ca]culated from the data‘
~ of previous gevm Hne tvansformation experiments by Marsh at al
(1985) At was found that. aH of the transformed Hnes had a RPE of
gve'vte(v than one, 1nc1uding those that had mu]tiple insertions within *
&' g"‘ﬁmeir genome (Table 6) This coincides with their conclusion that the‘
‘ P[Ddc*] tvansposons were regu]ated conectly when integvated at a. .
variety of chvomosomal locations. The RPE of ouv transformed Hne T10 1 . |
a'lso showed ‘RPE of 1 8 (Tab]e 5), similav to the wild type control
a]though its abso'lute DDC activity was nuch iower. These results

) support ouv be1ief that a RPE of gveater than _one chatacterizes the

wild type, whi]e a RPE of fav 1ess than one vepvesents the Ddc"'4
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Table 6
'Rélaﬂve DOC activity during dével 6pl|ent

of the reported homozygous Ddc inserts t

bD_C activity (uints/mg brote1n) “  Ratio of |
Strains ' Pupariation Ec)osiqﬁ | " Pupariation/Eclosion
Canton-S 100 . 70.6° - 1.42.
BA 130 C 2.8 . 0 z.08.
O  58.8 ~ 1.49
29A | o 77.5 N o 56.3 S "1;38
A 8 s0.4 186
15C 4 ' " 220 606 . 3.63
. 15F o 162.5. . 79.4 S 2.05
‘19cf*» | 3225 ) 248.8 130

-t ‘The ‘data in this ‘table was re‘—ca]cu]ated fi-om Marsh et.al., (1985), |

'l Th'ls Hne has two 1ndepende$1’t Ddc 1nserts

-

* Th'ls Hne has three 1ndependent Ddc 1nserts
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phenotype Therefore, the RPE of about 0.6 observed in the transforme¢

1ines CZ-12 and CZ- 13 (Table 5) is typica] of the de*4 strain from .

which the inserted gene was originaily deriveda.lt‘is curnent]y
‘accepted'that‘the chpom0soma] position affects therintegrated gene
expression in j mote or 1ess‘uniform manner at all developmental
stages.‘Aitered temporal. expression patterhshhave been observed'only
when the associated regu]atory sequences were altered (Pirrotta et
al., 1985 Lev1s et aZ., 1985). We propose that the similarity of the
tempora1 pattern of DDC activity in the Tlines (CZ-12 and CZ-13 to that
"1n the Lub*4 strainp is due to the introduced P[Ddc+4] transposon per
. se, and that the: causative element(s) for the variant Luc+4 phenotype
| has been 1nc1uded 1n the 7.6 kb Pst I DNA fragment carried by the
P[Ddc*4] transposon o ' : | ‘ C
| Recentiy, DNA sequenc1ng ana]ysis of the 5 fianking region of

the Dic+4/gene (Spencer, personai communication) has permitted a

, comparison to the corresponding sequence , from Canton-S (Marsh and

' Hodgetts, personal communication) Ddc+4 has a duplication of a 12 base
pair AT rich region about 280 base pairs upstream of the ]arval
| tranSCription start as positioned by Schoinick et al., (1983) Although
its functiona] significance is unknown, 1t is interesting to note that
between -135 and ~247 base pairs upstream of the. ovaibumin gene there
exists an 18 base . pair AT rich sequence, to which the progesterone
,receptor preferentia11y binds (Compton et al., 1983) Secondiy, the ‘i’
v sequences required for the ecdysterone regulated expression of the hsp
‘;23 gene are, 1ocated more than 147 base pairs upstream of the capping
"vsite (Lawson et aZ., 1985) It wili be interesting tb find out whether }

RN

‘ﬁithe altered DNA sequences of the Luc*4 mentioned above 1mpiies 2 ?;
Lo . , o . o
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s1m11ar\fhnct10na1 significance to these reported cases.
The moTecu]aF data'also reeealed that at about 20 base pairs A

" upstream of the EcoR V site , located between the two EcoR I sftes at 5°

‘end (F1gure 1), the variant has as an A to G transition, convert1ng the
enhancer¢11ge 5'-ATGAAAA-3' sequence to 5'-~ATGGAAA-3', which more
precise1y resemb1es the enhancer consensus sequence of mamma11an
viruses‘(weihev~,et al., 1983). It has been reported that an
enhancer-]ike sequenceulies upstream of;the intermoult puff gene,

Sga-4 which responds to regulation by 20-OH-ecdysone. A single base

pafr substitution adjacent to ‘UWMe putative enhancer at position -344 in

a natura11y=occurr1ng variant of the Sgs-4 gene is correlated with a
50% reductfon in Sge-4 RNA (McGinnis et al., 1983?. Also a

. significantﬁy increased level of §ene expressfon was observed when the

' i
0

enhancer consensus sequences were tused to the 5' end of anm Adh

,*structnral gene (Beckendorf;'unhdb]ishedf. Thus we speculate that this

single .base pair change fn.the Dde*? is vesponsible for the elevated

" level of the DDC activity seen in the varfant. .. . |
If our hypothesis is right, then this effect nas misseduby Hiv%h-
et al., (unpub11shed) who 1nd1cated that only sequences downstream of

~the EcoR v site are required for the norma1 regulation of the Ddc

gene. Because the 5' upstream regions ofaeukaryote genes, nﬂy consist of

fmultipIe elementsQ each contributing a cumulat?ve effect to the gene |

expvession, the effect of changes in one or a few such eTements could

beseasilx nissed. This is particularly true given ‘the wide range of the

variation‘Of the DDb activ%ty'showed by the lxh:transformants, 30-35%

. in the reported cases (Scholnick et al., 1983; Marsh et al., 1985) and

50% 1n one of our 1nserts. ' ' . ‘ (

"
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The major result of our: study has been to' show that the 7.6.kb Pst
., } fragment carries fundamental 1nforma‘tiop for the Ddct? variant
phenotype. However, we have not proven that the.element responsible for
the'ove‘rpr-oducer- phenotype has been included. Currently, functional
tests of the Canton-S and Dde*# enhancer-~1ike sequences in the Dde
region, mentioned above, are being undertaken in our laboratory (C.
Spencer, unpublished). A 40 bp synthetic oligomer containing these
sequences has been fused onto thev Adh structural gene, and the
_constructs are to be introduced into the Droeopmza fgerm Hne These
experiments will test directly whether these sequences rea]ly function
as an enhancer and may . allow ‘u$ to assign the overproducer phenotype

.of Ddet? to this element.
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