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Control of RNA turnover is a major, but poorly understood, aspect of gene regulation. In multicellular
organisms, progress toward dissecting RNA turnover pathways has been made by defining some cis-acting
sequences that function as either regulatory or cleavage targets (J. G. Belasco and G. Brawerman, Control of
Messenger RNA Stability, 1993). However, the identification of genes encoding proteins that regulate or cleave
target RNAs has been elusive (C. A. Beelman and R. Parker, Cell 81:79–183, 1995); this gap in knowledge has
made it difficult to identify additional components of RNA turnover pathways. We have utilized a modified
expression cloning strategy to identify a developmentally regulated gene from Drosophila melanogaster that
encodes a RNase that we refer to as Clipper (CLP). Significant sequence matches to open reading frames
encoding unknown functions identified from the Caenorhabditis elegans and Saccharomyces cerevisiae genome
sequencing projects suggest that all three proteins are members of a new protein family conserved from lower
eukaryotes to invertebrates. We demonstrate that a member of this new protein family specifically cleaves RNA
hairpins and that this activity resides in a region containing five copies of a previously uncharacterized CCCH
zinc finger motif. CLP’s endoribonucleolytic activity is distinct from that associated with RNase A (P. Black-
burn and S. Moore, p. 317–433, in P. D. Boyer, ed., The Enzymes, vol. XV, part B, 1982) and is unrelated to
RNase III processing of rRNAs and tRNAs (J. G. Belasco and G. Brawerman, Control of Messenger RNA
Stability, 1993, and S. A. Elela, H. Igel, and M. Ares, Cell 85:115–124, 1995). Our results suggest that CLP may
function directly in RNA metabolism.

The appropriate expression of specific genes is vital for the
proper development of all organisms. When genes are misex-
pressed, the resulting biochemical defects can give rise to a
multitude of cellular and developmental abnormalities. One of
the major, but poorly understood, aspects of gene regulation is
the control of RNA turnover. In higher eukaryotes, advances
in our knowledge of how RNAs are degraded are based on
studies defining cis-acting sequences that function as either
regulatory or cleavage targets (3). A common focus in initiat-
ing the turnover of transcripts derived from many developmen-
tally regulated genes appears to involve an endonucleolytic
cleavage in the 39 untranslated region of target mRNAs.
Though these studies have helped define some of the distin-
guishing features of specific mRNA turnover targets, little is
known about the identity of the proteins that regulate or cleave
these transcripts (2, 3). This gap in our understanding of RNA
turnover pathways has made it difficult to identify additional
components that are required in this process; the identification
of these components would help resolve the mechanisms that
coordinate transcript degradation during development.
Maternally provided transcripts play a central role in the

establishment of egg polarity and embryonic patterning in Dro-
sophila melanogaster. The importance of gene products pro-
vided by the mother was initially demonstrated by maternal-
effect genetic screens (19–21). Subsequent cloning of some
genes identified in these genetic screens led to experiments
revealing that the establishment of early patterning requires
the regulated expression, processing, transport, translation,
and turnover of maternal transcripts (reviewed in reference
23). Though it is apparent that during early drosophila devel-

opment regulation of maternal transcript turnover is essential,
screens for maternal-effect mutations have not identified genes
that encode components of RNA turnover pathways. Reasons
for this failure could include the involvement of multifunc-
tional genes that are essential in several stages of the drosoph-
ila life cycle, loci that are haplolethal, mutations that result in
weak phenotypes, genes with redundant functions, duplicated
genes, possible bypass shunts within a developmental cascade,
and genes that are refractory to commonly used mutagenic
agents (9, 15, 29). Hence, alternative methods for identification
of genes that control the stability of maternal transcripts
should be pursued.
Since RNA turnover is a posttranscriptional control mech-

anism that involves participation of RNases and other RNA-
binding proteins, biochemists have traditionally exploited the
ability of such proteins to bind nonspecifically to single-
stranded DNA (ssDNA) columns for their purification. We
have replaced this biochemical approach with a molecular
cloning strategy that enabled the identification of ovarian
cDNAs expressing such binding activities (24). This screen led
to our identification of a developmentally regulated gene from
D. melanogaster that encodes an RNase that we refer to as
Clipper (CLP). CLP specifically cleaves RNA hairpins by using
a region that contains five copies of a previously uncharacter-
ized CCCH zinc finger structural motif. This activity is distinct
from that associated with other RNases. Our results suggest
that CLP defines a new family of conserved proteins and that
it may function directly in RNA turnover.

MATERIALS AND METHODS

Cloning and purification. CLP was identified in an expression cloning screen
of an ovarian cDNA library for plaques that encode proteins that bind ssDNA
(24). The original c6a cDNA encoding CLP was subcloned as an EcoRI-NotI
restriction fragment into the modified pGEX1NotI expression vector (24). The
N-terminal portion of CLP was subcloned from cDNA c6a as a 646-bp EcoRI-
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PvuII fragment and placed into pGEX1NotI (24), which was first cleaved with
NotI, backfilled with Klenow fragment, and recut with EcoRI by using standard
cloning techniques (17). The remaining C-terminal portion of CLP was sub-
cloned from cDNA c6a as a PvuII fragment and placed into the SmaI site of
pGEX-3X (14). Transformation, growth induction, and affinity purification of
the glutathione S-transferase (GST)–CLP fusion protein were performed as
described by Smith and Johnson (22).
Activity assays. The gel retardation assay and the identity and preparation of

the labeled RNA and DNAs were performed as described by Bai et al. (1). The
denaturing gel RNase assay and the preparation and [a-32P]GTP labeling of
RNA substrates 1, 2, and 3 (throughout their length) were performed as de-
scribed by Wang et al. (28). In one experiment (see Fig. 1D), substrate 1 was
labeled at its 59 end with [g-32P]ATP and polynucleotide kinase. Fifteen-micro-
liter cleavage reaction mixtures containing labeled RNA and 70 ng of GST-CLP
fusion protein in CLP binding buffer (10 mM Tris-HCl [pH 7.5], 5 mM MgCl2,
7.5 mM dithiothreitol) were separated on a denaturing 12% polyacrylamide–8 M
urea gel. The primer extension assay was performed as previously described (8)
with CLP binding buffer. Each 50-ml cleavage reaction mixture contained 400 ng
of unlabeled 96-nucleotide (nt) substrate 1 and 100 ng of GST-CLP fusion
protein. Extension products were resolved along with products of sequencing
reactions (performed with a Sequenase kit [U.S. Biochemical, Cleveland, Ohio])
on a denaturing 5% polyacrylamide–8 M urea gel.
Expression studies. Whole-mount in situ hybridizations of embryos (27) and

ovaries (26) were performed as previously described. The RNase assay was
performed with the RPA II kit (Ambion, Austin, Tex.). RNA samples were
prepared as described by Brown and Kafatos (6). The two 32P-labeled in vitro-
synthesized antisense RNA transcripts were directed against an internal 268-nt
region of clp (PstI-XhoI cDNA fragment) and the terminal 139 nucleotides at the
39 end of a rp49 cDNA (PvuII site). The latter was used as a loading control, but
because of its abundance, it was labeled to an approximately 50-fold-lower
specific activity.
Nucleotide sequence accession number. The sequence of the longest clp cDNA

is listed under GenBank accession number U26549.

RESULTS

Biochemical studies. Here we report the cloning and bio-
chemical characterization of a novel RNase that may function
in RNA turnover. The nucleic acid binding activity encoded by
clone c6a, which was represented as a single drosophila ovarian
cDNA in a molecular screen for ssDNA-binding activities (24),
was examined by using gel retardation analysis. A GST-c6a
fusion protein (affinity purified and subsequently visualized as
a single band on a Coomassie blue-stained gel) was incubated
with 32P-labeled nucleic acid probes, and the mixture was sep-
arated by electrophoresis in a native polyacrylamide gel (Fig.
1A). Lane 1 displays the electrophoretic migration pattern of a
65-nucleotide (nt) RNA transcript (1), selected because it was
predicted to contain double-stranded and single-stranded
stretches. When this transcript was incubated with the GST-
c6a fusion protein under conditions for detecting nonspecific
RNA-binding activity (1), we failed to detect bound (retarded)
RNA-protein complexes (lane 2). Instead, the mobility in-
creased as if the transcript had been cleaved. The cleaving
activity required the presence of Mg21 and was never observed
with the GST protein alone or with over a dozen unrelated
GST fusion proteins. By virtue of its apparent RNase activity,
we named this protein CLP. Lanes 3 and 4 show that CLP can
nonspecifically bind ssDNA but not double-stranded DNA
(dsDNA), the basis of its identification in our expression clon-
ing screen.
Analysis on denaturing gels with a homogeneously labeled

FIG. 1. Characterization of CLP’s RNase activity. (A) Gel retardation analysis. Lanes 1 and 2 display the native mobility of reactions performed with an in
vitro-synthesized 32P-labeled 65-nt RNA substrate. The GST-CLP fusion protein was omitted from the binding reactions in lane 1 (2), whereas 100 ng of this protein
was included in all other reactions (1). Lanes 3 and 4 represent reactions performed with 32P-labeled ssDNA and dsDNA, respectively, as substrates. The positions
of free and degraded RNA and free and bound DNA are indicated. (B) Denaturing gel RNase assay. Lane 1 displays the electrophoretic migration of 96-nt RNA
substrate 1 (labeled throughout its length with [a-32P]GTP). Lanes 2 to 5 represent reactions that included the GST-CLP fusion protein for the times indicated. (C)
Denaturing sequencing gel analysis of CLP-mediated cleavages using a primer extension assay. Unlabeled 96-nt RNA substrate 1 was annealed to a 32P-end-labeled
oligonucleotide primer complementary to 19 nucleotides at the 39 end of the substrate and extended with reverse transcriptase. Lane 1 displays the electrophoretic
migration of the fully extended 96-mer near the top of the gel and the unextended 19-mer near the bottom of the gel. Lanes 2 to 4 represent reactions that included
the GST-CLP fusion protein for the times indicated prior to addition of primer. Lanes 5 to 8 display a sequence ladder representing the complementary strand of the
96-nt substrate derived from plasmid DNA with the same primer. In the schematic representation of RNA substrate 1, the line indicates the location of CLP-mediated
cleavages that were detected by this primer extension experiment. (D) Denaturing gel RNase assay using substrate 1 labeled only at its 59 end (with 32P). Lane 1 displays
the electrophoretic migration of RNA substrate 1. Lanes 2 to 6 represent reactions that included the GST-CLP fusion protein for the times indicated. nt, 32P-labeled
nucleoside triphosphates.
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96-nt RNA (substrate 1), whose 59 and 39 ends are apparently
protected against exonuclease cleavage by hairpins (provided
by K. Drlica, Public Health Research Institute, New York,
N.Y.), gave the first indication that CLP may have endonu-
cleolytic activity (Fig. 1B). The appearance of three major
products suggested a limited number of CLP-mediated cleav-
ages. However, at this point, we could not distinguish whether
the cleavages were actually catalyzed by an endo- or an exo-
RNase that paused at the hairpins. To further characterize
CLP’s activity, we treated unlabeled RNA substrate 1 with the
GST-CLP fusion protein, annealed a labeled oligonucleotide
primer complementary to 19 nucleotides at the 39 end of the
substrate, and extended the primer with reverse transcriptase.
If CLP possessed a predominant 39 to 59 exo-RNase activity,
then extension products should not have been generated by
this assay. The reaction products were analyzed by electro-
phoresis in a denaturing DNA sequencing gel (Fig. 1C); a
sequence ladder of the substrate derived from plasmid DNA
with the same primer was also included. The structure of RNA
substrate 1 and the locations of cleavages are also depicted
schematically in Fig. 1. This experiment demonstrated that
cleavages occurred throughout the large hairpin at the 39 end
of substrate 1. With the exception of three nucleotides at the
base of the duplex, digestion occurred throughout the hairpin
in both dsRNA and the ss loop region. These results proved
that CLP is not a 39-to-59 exo-RNase.
To distinguish whether CLP is functioning as an endo- ver-

sus a 59-to-39 exo-RNase that is slowed down by RNA second-
ary structure, we repeated the denaturing gel RNase assay with
substrate 1 labeled only at its 59 end (Fig. 1D). If CLP had a
predominant 59-to-39 exo-RNase activity, then specific cleav-
age products should not be detected and we would expect the
accumulation of a single 32P-labeled nucleotide (derived from
the 59 end of substrate 1) at the bottom of the gel. The results
shown in Fig. 1D displaying three major cleavage products and
no accumulation of nucleotides prove that CLP is not a 59-to-39

exo-RNase. Hence, on the basis of all of the above-presented
data, we conclude that CLP is an endo-RNase.
We also investigated whether removal of some of the hair-

pins may have affected CLP’s substrate preference. To do this,
we examined the ability of the GST-CLP fusion protein to
cleave RNAs related to substrate 1 that contained only one or
two hairpins. Three major cleavage products were detected
with a truncated RNA (substrate 2) that lacked the 59-terminal
hairpin (Fig. 2, lanes 1 to 7). Another derivative RNA that
lacked both the 59 and 39 hairpins (substrate 3) was cleaved by
CLP only at the single eccentrically located hairpin, leaving
intact the flanking ssRNA, which migrated as two distinct
cleavage products (Fig. 2, lanes 8 to 14). These results further
demonstrate the importance of RNA secondary structure with
respect to CLP’s apparent endoribonucleolytic specificity for
RNA hairpins.
Sequence analysis. The original clp cDNA was used as a

probe to isolate four additional clones. Sequence analysis (Fig.
3A) revealed that they were all identical except for the length
of their 59 ends; the sizes of cDNAs varied between 1,180 and
1,246 bp. Computer analysis predicted a 296-amino-acid open
reading frame encoding an amphipathic, basic protein with an
estimated pI of 9.2 and a molecular mass of 33.5 kDa. CLP
appears to contain a total of seven zinc finger motifs (con-
served nucleic acid-binding structural domains that form be-
cause of the specific arrangement of cysteine and histidine
residues chelated around Zn21 [4]). The first five fingers
present at the N-terminal portion of CLP are all members of
the CCCH class, whereas the C terminus contains two CCHC
motifs (Fig. 3). The CCHC motif, also known as the zinc
knuckle, binds Zn21 (25) and is often present in proteins that
bind exclusively to ssDNA or ssRNA. The CCCH motif is a
rare and uncharacterized zinc finger. It was first noticed in a
group of proteins encoded by genes that are coinduced in
cultured mammalian cell lines by growth factors, tumor pro-
moters, or serum (7). One of these proteins, TIS11/nup45/

FIG. 2. Denaturing gel RNase assay using other substrates. Lanes 1 and 8 display the electrophoretic migration of RNA substrates 2 and 3, respectively (labeled
throughout their length with [a-32P]GTP). Lanes 2 to 7 represent reactions that included substrate 2 and the GST-CLP fusion protein for the times indicated. Lanes
9 to 14 represent reactions that included substrate 3 and the GST-CLP fusion protein for the times indicated. nt, 32P-labeled nucleoside triphosphates.
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TTP, was shown to be a nuclear protein that is capable of
binding Zn21. A member of this class of zinc finger proteins
was later identified in D. melanogaster and shown to be en-
coded by unkempt, a gene that is essential for postembryonic
development (12). Though these reports have all speculated on
a putative nucleic acid binding activity for members of the
CCCH family, such an activity has never been demonstrated.
When the predicted amino acid sequence of CLP was com-

pared with those of all proteins listed in the GenBank data-
base, two significant matches were identified. The first match
was to the product of open reading frame F11A10.3 from
Caenorhabditis elegans, identified by the Nematode Genome
Sequencing Project (accession number Z68297) and displaying

more than 52% identity (69% similarity) over the N-terminal
204 amino acids of CLP (Fig. 4), with additional identities
extending to CLP’s C terminus (data not shown). A second
match was obtained with the 190-amino-acid product of open
reading frame P8283.17 from Saccharomyces cerevisiae, identi-
fied by the Yeast XVI Chromosome Sequencing Project (ac-
cession number U32445) and displaying greater than 32%
amino acid matches (47% conservative substitutions) over this
same region of CLP. All three proteins contain five tandemly
repeated copies of the CCCH zinc finger motif; the second
finger is almost identical in all three species. In addition, the
first of CLP’s two CCHC zinc knuckle motifs is also conserved
in the worm protein. Though the functions of the putative

FIG. 3. (A) cDNA and deduced protein sequences of CLP. In the protein sequence, the five CCCH motifs (underlined) are followed by two CCHC motifs (double
underlined). Eleven putative serine, threonine, and TK phosphorylation consensus sequences are indicated by italics. The cDNA sequence contains a polyadenylation
consensus sequence (underlined nucleotides) and is flanked by a poly(dA) tail (not shown). (B) Linear schematic representing the full-length CLP protein and the
relative positions of five CCCH and two CCHC zinc fingers, as well as putative phosphorylation consensus recognition sequences for protein kinase C (PKC), epidermal
growth factor (EGF), and TK. (C) Alignment of seven putative zinc finger repeats in CLP. The number to the left of each finger indicates its relative position in the
CLP protein sequence. The known consensus sequences for both CCCH and CCHC finger motifs are also displayed.
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worm and yeast proteins are unknown, their significant se-
quence conservation with CLP suggests that all three are mem-
bers of a new family of proteins conserved from lower eu-
karyotes to invertebrates.
To determine whether the endoribonucleolytic activity of

CLP might be associated with the CCCH domain, we fused
distinct segments of CLP that contained either the five N-
terminal CCCH or the two C-terminal CCHC fingers to GST,
affinity purified the fusion proteins, and tested them for RNase
activity using the denaturing gel assay. The results presented in
Fig. 5 demonstrate that the RNase activity associated with CLP
resides in the region containing the five N-terminal CCCH zinc
fingers.
A striking feature of the predicted CLP amino acid sequence

is the presence of an unusually high number of putative serine,
threonine, and tyrosine kinase (TK) consensus phosphoryla-
tion recognition sites (16), most of which are contained within
or near the zinc fingers (Fig. 3A and B). This raises the pos-
sibility that CLP may be regulated by protein kinase C-, TK-,
and epidermal growth factor-mediated signal transduction
pathways.

Developmental expression. We also examined the expres-
sion of clp mRNA throughout fly development by Northern
(RNA) blot analysis. A single 1,300-nt transcript, barely de-
tected, was confined to early embryos and adult female ovaries
(data not shown). These observations prompted us to focus on
the distribution of the clp transcript during oogenesis and em-
bryogenesis (Fig. 6) by whole-mount in situ hybridization using
a digoxigenin-labeled clp antisense RNA probe. Expression of
clp mRNA was first detected in both the nurse cells and the
oocyte of stage 3 egg chambers (Fig. 6A). Throughout oogen-
esis, clp transcripts were absent from somatically derived fol-
licular epithelial cells surrounding the follicle (Fig. 6A to C).
By stage 8, the oocyte no longer displayed clp mRNA. Subse-
quent expression was restricted to nurse cells (Fig. 6B, which
shows stage 10) until stage 12 (Fig. 6C), when the nurse cells
rapidly transferred all of the clp mRNA into the oocyte. Dur-
ing early embryonic syncytial nuclear divisions, maternally pro-
vided clp transcripts were homogeneously distributed (Fig.
6D). When the synchronous division cycles ended at blasto-
derm cellularization, maternally derived clp transcripts were
barely visible (Fig. 6E). They were no longer detected by 5 h
postfertilization. Zygotic expression of clp mRNA during the
rest of embryonic development was not detected.
Since clp does not encode an abundant transcript, we de-

cided to examine its developmental expression with the more
sensitive and quantitative RNase protection assay. RNA sam-
ples prepared from particular developmental stages were an-
nealed with two 32P-labeled, in vitro-synthesized, antisense
RNA transcripts directed against a 268-nt region of clp and a
139-nt region of rp49 (the latter was used as a loading control).
Samples were then treated with RNase A and RNase T1 to
degrade ssRNA, and uncleaved duplexes were separated by
electrophoresis in a denaturing gel. This approach revealed clp
to be differentially expressed throughout drosophila develop-
ment (Fig. 7). clp mRNA was most abundant in adults (Fig. 7,
lanes 10 and 11), and the majority of the female expression was
ovarian (lanes 12 and 13). Maternal transcripts were then pro-
vided to the embryo (Fig. 7, lane 1), and transcript accumula-
tion gradually decreased (lanes 2 to 5) until a zygotically de-
rived burst was observed in third-instar larvae (lane 6). This
increased transcript accumulation gradually decayed to barely
detectable levels in late pupae (Fig. 7, lanes 7 to 9).

FIG. 4. Protein alignment of CLP and two related hypothetical proteins identified in the nematode (F11A10.3) and yeast (P8283.17) genome sequencing projects.
Alignments were performed with sequence data provided by GenBank (sequences were retrieved with the program BLAST). Uppercase letters denote the CLP
sequence and identical residues present in either of the other proteins. Residues identical in all three proteins are shaded. Lowercase letters indicate conservative
changes. Dots denote nonconservative changes. Dashes indicate gaps in protein sequences introduced to achieve optimum alignment. The CCCH and CCHC zinc finger
consensus sequences are indicated with brackets and stars. GenBank accession numbers for the yeast and nematode proteins are Z68297 (F11A10.3 from C. elegans)
and U32445 (P8283.17 from S. cerevisiae).

FIG. 5. Mapping CLP’s RNase activity to the five N-terminal CCCH zinc
fingers by using the denaturing gel assay. Labeled RNA and 70 ng of the fusion
proteins indicated below were incubated for 30 min. Lane 1 displays the elec-
trophoretic migration (on a denaturing 9% polyacrylamide–8 M urea gel) of the
32P-labeled 96-nt transcript. Lanes 2 and 3 represent duplicate reactions that
included the GST-CLP fusion protein. Lanes 4 and 5 represent duplicate reac-
tions that included a GST fusion protein containing the two C-terminal CCHC
zinc fingers. Lanes 6 and 7 represent duplicate reactions that included a GST
fusion protein containing the five N-terminal CCCH zinc fingers.
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DISCUSSION
We have demonstrated that clp is a developmentally regu-

lated gene that encodes a bipartite zinc finger protein. The
significant sequence conservation among CLP and apparent
homologs in C. elegans and S. cerevisiae defines a new family of
proteins conserved in S. cerevisiae, D. melanogaster, and C.
elegans. CCCH zinc fingers of the type found in CLP have been
found in only a handful of proteins; we show that five copies of
a region in CLP containing the CCCH motif confer a RNase
activity with specificity for RNA hairpins. The structure and
activity of the CCCH zinc fingers are distinct from those of
motifs conserved in bacterial and yeast endo-RNases, such as

RNase III, that are known to process rRNA and tRNA pre-
cursors by recognizing specific dsRNA sequences and cleaving
at a single position within each target site (3, 8). Moreover, the
activity of CLP was not affected by RNasin (Promega, Madi-
son, Wis.) (data not shown), a known inhibitor of some RNases
(such as RNase A, B, and C) that are active against a broad
range of RNA substrates (5, 11). Hence, CLP possesses a novel
activity that distinguishes it from other known eukaryotic
endo-RNases.
In multicellular organisms, it is vital to rapidly degrade spe-

cific mRNAs that encode critical regulatory proteins that func-
tion only briefly during development. A central focus of many
developmentally regulated mRNA turnover pathways is the
initiation of degradation by an endonucleolytic cleavage, usu-
ally in the 39 untranslated region of target transcripts that
typically exhibit extensive secondary structure (3). This cleav-
age is believed to render target mRNAs vulnerable to subse-
quent degradation by exonucleases. CLP’s unique preference
for RNA hairpins and its specific and thorough destruction of
these structures fulfills a criterion for initiation of mRNA turn-
over by an endo-RNase. If CLP is truly initiating mRNA turn-
over, what prevents it from launching the destruction of all
RNAs in cells that express clp transcripts? One possibility is
that clp transcripts may be regulated at the level of translation.
Other possibilities include controlling the transport, activity, or
specificity of the CLP protein, possibly by phosphorylation at
some of its 11 putative serine, threonine, and TK consensus
recognition sites. In this respect, it is interesting that the pro-
tein kinase C, TK, and epidermal growth factor signal trans-
duction pathways have all been implicated in controlling the
turnover of specific eukaryotic mRNAs (3). Another scenario
is that the two C-terminal CCHC zinc fingers may mediate
recognition of specific target sequences, thus exposing only
RNAs that contain such sites to the N-terminal ribonucleolytic
activity for hairpins.
With respect to drosophila development, the abundant ex-

pression of clp transcripts in the maternal germ line suggests
that CLP may function directly in the control of maternal
mRNA turnover. While this process is not well understood, it
clearly plays an important role in the regulation of transcripts

FIG. 6. Expression of clp transcripts during oogenesis and embryogenesis. Whole-mount in situ hybridization was performed with a digoxigenin-labeled clp antisense
RNA probe (prepared with the Genius 4 kit; Boehringer Mannheim, Indianapolis, Ind.). All photographs were taken with a 203 objective and 103 ocular lens, and
expression is reflected by the dark staining. Egg chambers (A to C) are oriented with the anterior end on the left. (A) Expression in an early ovariole commencing at
stage 3 (10) was restricted to the germ line-derived nurse cells and the oocyte but was absent from the somatically derived follicle cells. (B) Expression in stage 10b
egg chambers was restricted to nurse cells (nc). o, oocyte; fc, follicle cells. (C) clp transcripts were completely transferred to the oocyte by stage 12. Throughout
oogenesis, expression was not detected in follicle cells. (D) Early (syncytial blastoderm) embryos maintained maternally derived clp transcripts. (E) Maternal transcripts
were barely detected at the onset of cellularization and were subsequently lost.

FIG. 7. Developmental RNase protection assay. The assay was performed
with 20 mg of total RNA isolated at the indicated developmental stages (defined
below). The mobilities of the labeled clp and rp49 antisense RNA probes that
annealed to particular samples and resisted degradation are indicated. RNA
samples were prepared from 0- to 3-h embryos (E1), 3- to 12-h embryos (E2), 12-
to 24-h embryos (E3), first-instar larvae (L1), second-instar larvae (L2), third-
instar larvae (L3), early pupae (P1), middle pupae (P2), late pupae (P3), adult
males (M), adult females (F), ovariectomized females (F2), and ovaries (Ov).
Yeast RNA (20 mg) was included (lane 14) as a negative control to ensure that
all of the input labeled antisense probes were completely degraded.
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that control the initial divisions, growth, and establishment of
polarity in the early syncytial embryo. Our results also support
the genetic studies of Myers et al. (13), who demonstrated that
turnover of drosophila maternal transcripts depends on expres-
sion of maternally contributed gene products. Hence, CLP may
be one of these maternally contributed gene products, and its
activity, specificity, and/or localization may be directly regu-
lated by phosphorylation through signal transduction cascades
employing protein kinases. A second wave of clp transcript
accumulation during late larval development suggests that
CLP-mediated mRNA turnover may help prepare for pupal
metamorphosis.
Using in situ hybridization to larval polytene chromosomes

(18), we have cytologically mapped clp to interval 21D1,2 on
the second chromosome (data not shown), where lethal satu-
ration mutagenesis screens performed by others have revealed
nine essential loci in this region (16a). Future plans will focus
on identification of clp mutants and characterization of RNA
turnover pathways in clp loss-of-function alleles.
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