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A strong ubiquitous promoter—enhancer for
development and aging of Drosophila melanogaster
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One of the major advantages in us@:@sophﬂafpr_ _develop— o

mental as well as for aging studies, is the possibility to generate Smel Smal
transgenic flies to study the expression of specific genes of- ——{EF-la_sromotezerhancer|] 14700 SgamhprOpoly A |- ——
interest. Both for tissue-specific expression and for ubiquitous

expression of a transgene (e.g., a housekeeping gene), expression 2k ey

vectors with strong promoters are desirable. So far, no strong
promoter is available for ubiquitous expressioisophila 5k
The most frequently used constructs contain either the heat shock
protein 70 _(hSp70) pr_omotel)(or the actin5C promqter@)( Figure 1. The structure of the P[hsneo; EFPLacZ] P-element construct. The 5
both of which have qllsadvan'gages..Strong expression from thE Xba—xhd EF-la (EF) promoter—enhancer fragment was ligated into the
hsp70 promoter requires heat induction, a treatment with negatiyechsneo (2) (dotted lines). In order to get an inframe fusion, a SE4b
effects in long-term studies like aging. The actin5C promoters, okacZ fragment containing the hsp70 polyadenylation signal was clowéd 3
the other hand, show some developmental specifi)ity ( the promoter—enhancer fragment. The 2 kb EF promoter fragment is indicated

. . . below the P[hsneo; EFPLacZ] P-element construct. O: Transcription start site
In our previous studies we have shown thatDiesophila of the EF gene. The intron and part of the second exon are indicated. The 50

melanogastepeptide synthesis elongation factor EFFL (EF)  amino acids of the EF coding region are shown as a filled box. The LacZ gene
MRNA is expressed in all stages of development, including alse flanked bySma restriction sites.

old flies @). Here we report that tHerosophilaEF promoter—

enhancer can be used for the ubiquitous expression of transgenes

in flies. This new powerful promoter—enhancer Boosophila

shows strong activity in all cells and all stages of development.These results were confirmed by qualitative staining of whole

is also able to drive the expression of a reporter gene mountdevelopmental stages and adult flies (data not shown). The

Drosophilacell culture. LacZ staining experiment resulted in ubiquitous staining of all
As shown in Figurel, a 5 kb genomic fragment of the cells in all tissues, indicating that the 5 kb fragment contains all

DrosophilaEF geneX) including 3.5 kb of upstream sequencesthe information required for position-independent activity. In

the transcription start site, the complete intron and part of tttemparison, a vector containing a genomic 2 kb fragment

second exon with 150 bp of the coding region was fused in framensisting only of 500 bp of the EF promoter region (se€lfig.

to a bacteriaB-galactosidase (LacZ) gene containing the hsp7@ave strong expression with varying tissue-specificity depending

polyadenylation signal and cloned into the pUChsneo P-elemannt the insert positions. The additional 3 kb upstream sequence

vector @) to yield P[hsneo; EFPLacZ]. thus contributes enhancer functions needed for position-indepen-
First, this P-element was tested in tissue culture cells (Schnedént full transcriptional activity7j. The 5 kb EF promoter—

er S2 cells). The strength of the EF promoter—enhancer was tesetiancer fragment was successfully used to rescue a lethal EF

by measuring the LacZ activity. The activity of the copiamutant ().

promoter—which is considered to be a very strong promoter inOf particular interest to us was the confirmation that, although

Schneider cells8}—was set at 100%. The EF promoter showedhe activity of the 5 kb EF promoter declines within the first 5 days

an activity of 114.3+ 25%, Bluescript as a negative controlof adult life, its activity remains almost constant in old flies. The

7.5+ 14.1% compared with the copia promoter. The samkacZ quanatations are directly comparable with the quantitation

construct was used for P-element mediated germline transforof-the EF mRNA on Northern blot§)( This promoter—enhancer

ation ofDrosophila Using the quantitative LacZ activity assaywill thus be very useful for ubiquitous transgene expression in

(9), the activity of the EF promoter—enhancer was measured aging flies. In combination with the regulatable tetracycline

extracts from embryos, larvae, pupae and adult fliesZRjgas  repression or transactivation vectat§)( this powerful ubiqui-

well as in extracts of young and old flies (2B). The 5 kb EF  tous promoter—enhancer should become a useful tool also for the

promoter—enhancer fragment was able to direct the Lacsglective expression of ‘toxic’ genes (e.g., genes with temporal

expression in all stages of development and also in aging flieegative effects).
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Figure 2.Quantitation of3-galactosidase activityA] Extracts of developmental stages and adult flies of two independent P[hsneo; EFPLacZ] lines were assayed fo
LacZ activity as described in (9). For background activity, wild-type flies were used. The activity was calculated per mg of protein measured using the BIORAD syst
E: embryos, L: larvae, P: pupae, A: adult flié3.The LacZ activity in extracts of aging flies of two independent P[hsneo; EFPLacZ] lines was measured as describec
in (9). The values represent the means of two independent experiments with the standard deviations. The values of the youngest flies were set at 100%. The :
the flies used in these experiments are indicated.
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