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Abstract: Dnop5is a member of the conservedp5/siklgene family, which encode
components of small nucleolar ribonucleoproteinfdB) complexes. To study the
function of DNop5, we generated the polyclonal laodly and determined its expression
pattern. It is highly expressed in different pesad theDrosophiladevelopment. We used
heritable RNA interference (RNAI) in combination tivithe yeast GAL4/UAS binary
system to knock down the DNop5 protein. It resulitedethality and dramatic somatic
anomalies in RNAI mutant fly, in which the DNopDpein is reduced efficiently. Northern
blotting showed that the processing of 18S rRNA diasupted in DNop5 knock down fly,
but 28S rRNA is normal. These results suggestiingp5 is essential for therosophila
growth and function in the execution of early pRNA processing steps that lead to
formation of 18S rRNA.
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1. Introduction

In eukaryotes, rRNA genes are transcribed as ppec®NAs (pre-rRNAS) in a specialized nuclear
compartment, the nucleolus, and undergo extensiveepsing that includes covalent modification of
highly conserved regions and a series of endo-nlytie and exonucleolytic cleavages. Processing
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and modification of the pre-rRNA seems to occurudtameously with the assembly of ribosomal
proteins (r-proteins) and large transient RNP riimdeoprotein) particles are formed in the nuclsolu
[1]. Different sets of proteins were found in eatdmplex. Nop5/siklgene encode components of
small nucleolar ribonucleoprotein (snoRNP) compéexaoRNPs mainly catalyze the modification of
rRNA. The two major classes of snoRNPs are box HADd box C/D. The box C/D snoRNAs are
mainly involved in the 2’-O-methylation of pre-rRNAbose, and the box H/ACA snoRNAs in the
conversion of uridine to pseudouridine residues P2jylogenetic analysis shows that they are highly
conserved from plants to human. It is identifiedtthuman Nop5/Nop58 is component of the box C/D
class of snoRNPs. liyeast Nop5p functions with Noplp in the execution ofrlggore-rRNA
processing steps that lead to formation of 18S rRBIAIt is not clear whether this is the case in
Drosophila

Dnop5 a novel gene iDrosophila is the member of the conservanp5/siklgene family. As other
Nop5/Sik1 family members, DNop5 contains multipl&XXmotifs at the carboxy terminus, and is the
closest relative of Nop5 offaenorhabditis elegansDnop5 cDNA codes for a transcript of
approximately 1800 nucleotides. Conceptual tramsiatof its open reading frame predicts a
polypeptide of 510 amino acids. As revealed byitn Bybridization, DNop5 protein accumulates in
the nucleolus of all cells in the embryo and wingcd4]. To characterized the expression profile of
DNop5, we prepared the polyclonal antibodies agaDBlop5 and found that it is expressed
dynamically and stably durinBrosophila development. These indicated that DNop5 is mayrg v
important for growth oDrosophila However, the specific functions of the proteie ant known. In
this study, we examined the consequences of diagufieDnop5gene expression in developing and
in differentiated cells by using RNAI approach araithern blotting. We present some evidences that
DNop5 is associated with fly development and resglifior 18S rRNA synthesis.

2. Results and Discussion

Most of the steps of ribosome biogenesis in eukaryells take place in the nucleolus. Ribosome
biogenesis requires the coordination of many diffieevents, including rRNA transcription, pre-rRNA
modification and processing, ribosomal protein picitbn and rRNA-ribosomal protein assembly. In
Drosophila a single long 45S pre-rRNA is transcribed by Rpdlymerase | and processed to 18S,
5.8S and 28S rRNAs through a series of co- and-tpasscriptional steps. The processing of pre-
rRNAs require non-ribosomal nucleolar proteins, ynahwhich are associated with small nucleolar
RNAs (snoRNAs) in the form of small nucleolar ril@teoprotein (SnoRNP) complexes [1,4].
Functional studies opeastnop5/sikgenes have shown that mutations interfere withptibeessing of
the 18S rRNA and cause reduced cell growth andferalion .It will be interesting to see whether
DNop5, the member of the conserved Nop5/Sik1 farhigs the same function Drosophila

2.1.DNop5 is ubiquitously expressed throughout Droskaptevelopment

For functional analysis of DNop5, polyclonal antilyoagainst DNop5 was generated according to
standard methods. The polyclonal antibody coulctifipally detect a 62 KD (calculated molecular
weight of DNop5) protein, this data indicates tha antibody is specific to DNop5. Western blot



Int. J. Mol. Sci2007, 8 401

results show that DNop5 was continuously expregsedughout Drosophila development from
embryos to adulté~igure ).
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Figure 1. DNop5 is ubiquitously expressed throughBubsophiladevelopment by western blotting
2.2 Inducible RNAI targets Dnop5

RNAI is a cellular process of gene silencing in evhsmall duplexes of RNA specifically target a
homologous sequence for cleavage, and has provedmeta powerful tool for disrupting gene
expression. This technique was initially developedolants and nematodes and more recently in
Drosophila Zebrafish and Mice [5]. RNAi can be used to interfere with gene expi@s both
transiently by introducing double-stranded RNA (Ng8} directly into cells and stably by inserting an
appropriate construct that produces the targetsi@NA into the genome. The advantage of using
inheritable or inducible RNAI is that the phenomermecomes a permanent feature of an organism,
and the effect can often be triggered under a tyaokdifferent conditions and/or at different timef
development. IDrosophilg combining RNAI with the induciblgeastGAL4/UAS binary system [6],
proteins can be reduced in a stage and tissuefispishion, which is not feasible with ubiquitous
gene interference or loss of function mutationsintyghis approach, we can efficiently reduce the
expressiorof Dnop5throughout development and better study the fanatif this protein.

We generated transformant lines carrying the tramsdJAS- Dnop5.IR. This construct led to the
synthesis of double-stranded RNA under the comtfdhe GAL4-UAS (Figure 2A). Induction of the
Dnop5 dsRNA synthesis was able to reduce DNop5 pro@snshown in Figure 2B, the expression
(using the da-GAL4 driver) of the UAS- Dnop5.IR stmict decreased DNop5 protein in larvaes,
actin-GAL4/cyo and ptc--GAL4 mediated expressiosoateduced DNop5 protein levels (data not
shown).

2.3 Phenotypic analysis of Dnop5 RNAI mutant flies

UAS- Dnop5.IR flies was crossed to the da-GAL4 aatin-GAL4/cyo driver flies (expressing cells
in the body). The progeny flies of UAS- Dnop5.IR{-dGAL4 and UAS- Dnop5.1R/ actin- GAL4 were
missing. The reduction of DNop5 Brosophilacan lead to 100 % lethality before the pupal stdge
crossing of UAS- Dnop5.IR flies to the ptc-GAL4 b line (expressing in dorsal mesothoracic disc
that is relative of the wing, costal cells and wigns) leads to short and thin bristles or lack of
bristles. Typical phenotypes are shown in Figuiiehid. phenotype was similar with minute phenotype
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which can usually discover in mutations of genesoding ribosomal proteins, known asinute
mutations, and ribosomal RNA (e.g., timéni and thebobbedmutations). Theninutephenotypes have
some characteristics, such as delayed larval dernedat, short and thin bristles, reduced fertilibda
viability, and recessive lethality, which resulbrin a slower rate of cell growth and proliferatiagind].

In all probability, these phenotypes reflect a tl rate of protein synthesis resulting from an
impaired ribosome biogenesis. Sirlerop5is a member of the conservedp5/siklgene family, we
reasoned that DNop5 was likely to play a role iNARbiosynthesis.
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Figure 2. Inducible RNAI target®nop5 (A) Strategy for inducible dsRNA synthesis.(B) $t&n
blotting for induction of dSRNA by using the da-GAdriver.

Figure 3. Phenotypes from RNAI flies. (ANV***2 (B,C) UAS- Dnop5.IR /ptc- GAL4
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2.4 Depletion of Dnop5 impairs synthesis of 18SARN

The 18S rRNA is synthesized by thathway diagrammed in Figure 4#ke levels of 18S and 28S
rRNAs from transgenic flies by using northern bhajtanalysis were shown in Figure 4B. The 18S
rRNA was reduced by approximately 90 % in UAS-Dnop5.8R@EAL4 flies, whereas the abundance
of the 28S rRNA was unaffected. This indicated D&iop5 depletion leads to a specific reduction of
18S rRNA, which could either be at the level ofueed synthesis atability, or both.

The defect in production of 18S rRNA suggested ayedefect in pre-rRNA processing and the
abnormality of ribosome biogenesibut the question of hovDNop5 participates inpre-rRNA
processingemains to be uncovered.
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Figure 4. Depletion of DNop5 impairs synthesis of 18S rRNA) The pre-rRNA processing pathway
in eukaryotes.(B) Northern blot analysis of rRNAgessing during DNop5 depletion.
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In summary, we show that DNop5 is very important goowth of Drosophlia and its depletion
leads to a specific reduction of 18S rRNAOrosophila

3. Experimental Section
3.1 Fly stocks

Wild-type W flies, yw;sb/Tm6b, yw;ady/cyo, da-GAL4, actin-GAk§o, ptc- GAL4 were
grown at 25 °C in cornmeal media.

3.2 Plasmid construction

A 460-bp and 560-bp fragments from the coding segai®f theDnop5gene was amplified by RT-
PCR and cloned into the pUAST vector as an invertgmkat as described [10-13[he 560-bp
fragment was amplified by using sense primer(5’egegttcaggtggacaatctgtaccag-3’) and antisense
primer (5’-gcg@agatcicttgatggtcticacgaagg-3’), which containeédoR landBlg Il site respectively. A
460-bp fragment was amplified by using sence prifigrcgagatctaactccttgtccaggtcatc-3’) and
antisense primer(5’-gcgtcgagaggtggacaatctgtaccag-3’), which contairiédg Il site andXho | site
respectively. the pUAST vector was digested HoR | and Xho L The recombinant vector was
referred to as pUAST- Dnop5.IR.

3.3 Transgenic Fly Lines

DNA for transformation was prepared using QiagenxiViarep cartridges. pUAST- Dnop5.IR
described above was coinjected imd*'® embryos with the helper vector pUChg-3. Adult GO
transformants were identified by outcrossing\Wd*'® and balanced over cyo or TM6b balancer
chromosomes. Transgenic lines were mated withréifteGAL4 driver strains.

3.4 Antibody generation

To raise antibodies against DNop5, the full lengiiNA amplified by RT-PCR was subcloned into
the pET284 vectors fused with (His) After expressing irE.coli Bly;, the DNop5- (His) fusion
protein was affinity purified by using His-sepha#o4B beads (Amersham Pharmacia) and injected
into rabbit to generate polyclonal antibody accogdio the standard protocol [14]. The antibody was
purified through affinity chromatography column WwiEST-DNop5 expressed and purified fréncoli
BL21.

3.5 Western blot analysis

Larvaes were lysed in PBT buffer (PBS 0.1 %,Tri¥6400). Anti-DNop5 antibody was used at a
1:1,000 dilution for Western blot analysis. He&njugated antiabbit antibody (Pierce, 1:1000) was
used as a secondary antibody. Anti-tubulin antib¢slgma) was used as a control at a 1:5,000
dilution.
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3.6 RNA isolation and northern blot analysis

Total RNA was isolated from larvae of the transgém®S- Dnop5.IR/da-GAL4 with Trizol
according to the standard protocol. RNAs were sgpdron 1.5 % formaldehyde agarose gel and
transferred to Hybond nylon membrane (Biodyne B)e #00bp fragments of 18S rRNA and 28S
rRNA cDNA were amplified by PCR. The 400bp fragments Vedxeled with biotin-UTP(Roche) by
using the T7 transcriptase in vitro according te thanufacturer’s instructions and used as prolee, th
5S rRNAwas used as control. Hybridization was performe@8tC in hybridization solution (506
formamide, 5xSSC,1 % SDS, 5 x Denhardt, 100 mgatmhagn sperm DNA).Wash the membranes in
a biotin binding buffer (0.01 M N®Q; E0.15 M NaCIEpH 6.8) while shaking. Remove the solution,
add 4 ml biotin binding buffer and @ 5mg/i HRP-Strep, incubate at room temperature for 3rhou
Wash 5 times for five minutes per with biotin bingibuffer and exposure to X-ray film.
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