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The Drosophila centrosome-associated protein CP190
IS essential for viability but not for cell division
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Summary

The Drosophila CP190 and CP60 proteins interact with Cp190 gene die at late pupal stages of development. In
each other and shuttle between the nucleus in interphase larval brains of Cp190 mutants, mitosis is not radically
and the centrosome in mitosis. Both proteins can bind perturbed, and a mutated form of CP190 (CP19aM), that
directly to microtubules in vitro, and have been shown to cannot bind to microtubules or associate with centrosomes,
associate with a specific pattern of loci on salivary gland can rescue the lethality associated with mutations in the
polytene chromosomes, but their functions are unknown. Cp190gene. Thus, CP190 plays an essential role in flies that
Here we show that reducing the level of CP190 or CP60 by is independent of its association with centrosomes or
>90% in tissue culture cells does not significantly interfere  microtubules.

with centrosome or microtubule organisation, with cell

division, or with cell viability. However, CP190 is an

essential protein, as flies homozygous for mutations in the Key words:Drosophilg Centrosome, CP190, CP60, Mitosis

Introduction matrix (Oegema et al., 1995). Centrosome-association of
Centrosome-nucleated arrays of microtubules are involved @P190 is dependent upon the presence of at least two other
numerous essential cellular processes in animal cells, includif@re components of the centrosome, Centrosomin (Megraw et
chromosome segregation, intracellular transport, cefdl., 1999) and th®rosophilahomologue of Spc98 (a spindle
movement and cytokinesis. In the fruit flfprosophila  pole body component ddaccharomyces cerevisjaencoded
melanogasterCP190 and CP60 are proteins that exhibit celPy discs degeneraté (Barbosa et al., 2000), and centrosomal
cycle-dependent localisation to the centrosome during mitoslgcalisation of CP190 is also disrupted in polo mutants, as is
and to the nucleus during interphase (Whitfield et al., 1988hat ofy-tubulin (Donaldson et al., 2001).

Whitfield et al., 1995; Kellogg et al., 1989; Raff et al., 1993; CP190 begins to accumulate at the centrosome as soon
Oegema et al., 1995). CP190 was originally identified usings nuclear envelope breakdown occurs, whereas CP60
a monoclonal anti-centrosomal antibody (M. Fraschaccumulates later and reaches maximal levels only in
Charakterisier ung chromatinassoziierter kerneproteine voanaphase/telophase (Oegema et al., 1997). CP60 is extensively
Drosophila melanogastemit hilfe monoklonaler antikérper, phosphorylated in vivo, and contains several cdc2 consensus
PhD thesis, University of Tibingen, Germany, 1985) (Fraschhosphorylation sites (Kellogg et al., 1995). Intriguingly, when
et al., 1986), which was subsequently employed to select thurified CP60 is phosphorylated by cdc2/cyclin B kinase in
Cp190gene from a\gtll expression library (Whitfield et al., vitro, it loses its ability to interact with microtubules (Kellogg
1988). CP190 was independently isolated by Kellogg eet al., 1995). These findings have led to the suggestion that the
al. (Kellogg et al, 1989) using microtubule affinity CP190-CP60 complex may be involved in regulating the
chromatography, and thereafter, CP60 was identified as iateraction between centrosomes and microtubules during
CP190-associated protein by chromatography on columranaphase/telophase, when their levels at centrosomes are
constructed from anti-CP190 antibodies (Kellogg and Albertsmaximal, and when cdc2/cyclin B activity is in decline.
1992). Despite the evident affinity of both CP190 and CP6®lowever, despite widespread use of CP190 as a centrosomal
for microtubules (Kellogg et al., 1989; Kellogg et al., 1995)marker in many avenues obDrosophila research, its

and the ability of CP190 to cause microtubule bundling in vitraentrosomal function and that of CP60 remains unknown.
(Oegema et al., 1995), microtubules are not required for the Although both CP190 and CP60 were originally identified
accumulation or maintenance of either CP190 or CP60 at tlend characterised as a consequence of their association with
centrosome, leading to the suggestion that theyytkdulin ~ the centrosome and with microtubules, during interphase they
and pericentrin, are core components of the pericentriolare both localised within the nucleus. Indeed, the amino acid
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sequence of CP190 suggests that it is s&loCzinc-finger  parental line used to generate all transformed limesht red!
protein, and both CP190 and CP60 bind to specifi®{hsneo}l(3neo43d el/TM3, ryRK SH Set was the P-element
chromosomal loci on salivary gland polytene chromosomedpsertion stock used to generate Df(3R)PZ80 by male
leading to the suggestion that these proteins play a role [gcombinationy* w*; CyO, H{w'm=PDelta2-3}HoP2. Bc' Egfi=!
interphase nuclei (Whitfield et al., 1995). Subsequent work hﬁe”"ed by William Gelbart, Harvard University) was employed as

P : e source of transposase for promoting male recombinagidhe!
indicated that both proteins are components of the nUCIE%qgles were used for ethylmethane sulphonate (EMS) mutagenesis;

m'atrix, as they remain insoluble after nuclei have been treat (3K81 TM3 SH Seft ! was used to balance mutagenigedt et
with DNAse | and extracted with high salt (Oegema et al.chromosomes prior to screening over Df(3R)PEBA All stocks
1997). In the same paper, evidence from wide-field 3DQyther thanw6? and those whose derivation is described below, were
microscopy studies was presented, showing that in diploigbtained from Bloomington Stock Center, University of Indiana,
interphase nuclei of cycle 13 embryos, CP190 and CP60 do ngsA.

extensively co-localise with each other or with DNA [in
contrast to the observations of Whitfield et al. (Whitfield et al
1995) on polytene chromosomes], suggesting that the

proteins may be components of distinct extra-chromosom%{hsneo}l(%eoﬂ el/TM3, ryRK St Sef were crossed with* w*

nuclear domains (ENDs). In support of this possibility,C O H{PIDelta2-31HoP2 1Bd EafEl males.CvO. HIP{Delta2-
OVerexpression Qf. the EAST protein, a known END3%H’0P£.1{/+; mwh%} redt P{hsneg}l(Sheo43 e}1//+' rr{lal{es were
component, specifically recruits extra CP60 to an expandegjected from the progeny and crossed en masseredittel virgin
END (Wasser and Chia, 2000). However, the nuclear rolegmales. Recombinante@ eV/ red! el or red e*/ red el) male

of CP190 and CP60, whether chromosomal or extraprogeny from this cross were individually mated to TM6B/Tida"
chromosomal, remain as obscure as their centrosom8Ef €' virgin females before extracting their genomic DNA.
functions. Candidate deficiencies were identified by electrophoretic analysis of

Here we have used RNA-mediated interference to depleRCR-amplified products from these DNA samples using 3

the levels of CP190 and CP60DmosophilaS2 cells, and we oligonucleotide primers: one complementary to the inverted repeat of
have identified mutations in th€p190 gene. Our studies e P-élement [[CGA CGG GAC CAC CTT ATG TTATTT C-3,
pe complementary to a flanking genomic site 2.2 kb from the site of

demons_trate that CP190 is essential for_fly V|ab|I|t_y, but suggeg1serti0n (proximal taCp19Q [5-ATG CCT ATG CAG CCT GCA

that neither CP190 nor CP60 are |nvplved_ n _regulatlng\GA GCA GCG ATG-3] and one complementary to a flanking

centrosome or microtubule behaviour during mitosis. genomic site 1.5 kb from the site of insertion (distaCL9Q [5'-

CTT GGA GAA CAT TTG CCA GTC CGA GGT TGG*B Balanced

. stocks were established from lines corresponding to PCR products

Mate.nals and Methods ) ) which showed absence of the 2.2 kb band but presence of the 1.5 kb

RNA interference (RNAI) treatment and analysis of S2 tissue band. Deficiency breakpoints of these stocks were identified by

culture cells cloning the P-element (by means of its pUC insert) and sequencing

CP190 and CP60 cDNA templates were amplified by PCR using thef the associated genomic DNA using standard methods.

primer pairs: for CP190,"FAA TAC GAC TCA CTA TAG GGA

GAC CAC ATG CCC AAC GAG TTC CAG GCG*3and 5TAA

TAC GAC TCA CTA TAG GGA GAC CAC TGA TTC AGC TTG EMS mutagenesis screen for identification of Cp190 mutants

GCG TTG GAG-3 for CP60, 5TAA TAC GAC TCA CTA TAG Approximately 100 four day-olded ! males were starved for 8

GGA GAC CAC ATG GCA ATC CAA CTG GAC AAG-3 and 5 hours before feeding on 5% (w/v) sucrose containing 10 mM EMS

TAA TAC GAC TCA CTA TAG GGA GAC CAC GTA CTC CTC for 15 hours. The EMS-treated males were transferred to freshly

CGA AAG TTT GCG-3; the 5 end of each primer also contained the yeasted bottles and mated to ms(3)K81/TM8BSer &virgin females

T7 RNA polymerase promoter site'{BAA TAC GAC TCA CTA at approximately 10 males and 50 females per bottle. After 4 days at

TAG-3'). PCR products (700 bp in length) were purified using the QIA25°C the males were discarded, and the females transferred to fresh

quick Gel Extraction Kit according to the manufacturer’s instructionsbottles every 2 days until they ceased to lay. Approximately G280

Purified PCR products (final concentration 1@ml) were used to €/ TM3 Sb Ser Emales were selected from the resulting progeny,

produce double-stranded RNA (dsRNA) using a Megascript Tand each mated in a separate yeasted vial wab*®Df(3R)P28HNR27

transcription kit (Ambion). The RNA was purified according to theel/ TM3 red Ser & virgin females. Recessive lethal mutations

manufacturer’s instruction, heated at 65°C for 30 minutes and themcovered by the deficiency were identified by screening the progeny

placed in a beaker of water at 65°C and left on the bench to cool fom each vial for the absence @€/ red" Df(3R)P28MR27 gl

room temperature. Each batch of RNA was analysed on an agardéies, and stocks were established from tineif *el/ TM3 red* Ser

gel to ensure the quality of dsRNA. S2 cells were grown inel siblings. Candidat€p190mutants were retested by mating males

Schneider’s Insect medium (Sigma) supplemented with 10% fetal calb red! Df(3R)P28M'R27 et/ TM3 red! Ser & virgin females, and their

serum (FCS, Gibco) and 50g/ml streptomycin and penicillin at status subsequently confirmed by rescue of both hemizygous and

27°C. The RNAI treatment and subsequent viable cell count analysimozygous mutations by expression of a transgenic cofp1H®0

of S2 tissue culture cells was performed essentially as describeshder control of the polyubiquitin promoter.

previously (Adams et al., 2001; Clemens et al., 2000; Giet and Glover,

2001). For immunofluorescence analysis, cells were fixed with cold )

(—20°C) methanol/3% EGTA and processed as described previoudi@rval brain and testes squashes

(Gergely et al., 2000). Larval brains and testes were squashed and prepared for

immunostaining as described previously (Wiliams and Goldberg,

) 1994). If brains were also to be stained to reveal the distribution of

Fly strains microtubules, then the protocol of Bonaccorsi et al. (Bonaccorsi et al.,

Flies were maintained on standard corn nizralsophilamedium at  2000) was followed. Incubation of slides with primary antibodies

25°C. The following strains were used in these studi€swas the  (diluted in PBT) was performed overnight in a humidified chamber at

g%erivation of deficiencies uncovering the Cp190 locus
irgin females from the P-element insertion limawh redt
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4°C. After washing the slides 3 times in PBT, secondary antibodie&eiss Axioskop 2 microscope with a Photometrics CoolSnap HQ

were applied for 4 hours at room temperature. The slides were finalgamera using MetaMorph software (Universal Imaging). The imaging

given 415-minute washes in PBT, before counterstaining for DNAof S2 tissue culture cells was performed on a Nikon E800 microscope

with 0.5 ug mt1 Hoechst 33258 and mounting in 95% v/v glycerol with a Bio-Rad Radiance confocal system. All images were imported

in PBS containing 2.5% w/v n-propyl gallate. into Adobe Photoshop where the entire image was adjusted to use the

full range of pixel intensities. In some images an Unsharp Mask filter

. . . was also applied to the entire image. In all cases, control and

Microtubule-spin downs, SDS-PAGE, and western blotting experimental images were treated in exactly the same way.

Microtubule spin downs from embryo extracts expressing C&U90

SDS-PAGE and western blotting were performed as described

previously (Gergely et al., 2000; Laemmli, 1970) Results

CP190 and CP60 are not required for mitosis in
Antibodies Drosophila tissue culture cells

The following antibodies were used in this study: the affinity-purifiedTo test the potential function of CP190 and CP60 during
rabbit anti-CP190 and anti-CP60 have been described previousiyiitosis we used double stranded RNA-mediated interference
(Kellogg et al., 1995; Oegema et al., 1995), as has the rabbit anti-CNIRNAi) to reduce the levels of each proteinDrosophilaS2
anti-serum (Li and Kaufman, 1996), and the anti-D-TACC and antitissye culture cells. A western blot analysis revealed that both
Msps affinity purified rabbit antibodies (Gergely et al., 2000; Lee ey q1ains were reduced to less than 50% of control levels after
al., 2001). The mouse monoclonal DM1la (Sigma) was used to det % hours of RNAI treatment (not shown), and to less than 5%

tubulin; the mouse monoclonal GTU88 (Sigma) was used to dete . o
gamma-tubulin; an anti-phospho-histone H3 rabbit serum (Upsta control levels after 96 hours (Fig. 1A). Surprisingly, cells

Technology) was used to detect phospho-histone H3. All affinity epleted 'of (_aither protein continued to grow with relatively
purified antibodies were used at 148/ml in western blotting or ~normal kinetics throughout the 5-day time course of these

immunofluorescence experiments. The DMla, GTU88 and antexperiments (Fig. 1B), and showed no significant difference in
phospho-histone H3 antibodies were used at a 1:500 dilution imitotic index in comparison with controls (Fig. 1C).

western blotting and immunofluorescence studies. Immunofluorescence analysis of fixed cells at the 96 hour
time point confirmed that both proteins were substantially
depleted from cells (Fig. 2). The organisation of microtubules

To create transgenic lines that express CP190 and CP60, the f Eroughout mitosis appeared to be unaffected by the depletion

length cDNAs were subcloned into the pWR-Pubq transformation either CP190 or CPG0 (Flg'. 2A.B), and. several
centrosomal markers such ggubulin, Centrosomin, D-

vector that constitutively drives relatively high levels of expressio ;
throughout the organism (Lee et al., 1998; Gergely et al., 2000). 'T'EA‘CC and Msps appeared to localise normally to

generate flies expressing CPASQ the full-length CP190 cDNAwas centrosomes in CP190- or CP60-depleted cells (not shown,
digested with BamHI and BssHII. The reaction was end-filled withsee below). The localisation of CP190 to nuclei in interphase
klenow and re-ligated. This created an in-frame deletion of aminand to centrosomes in mitosis was unaffected by the depletion
acids 311-541 of the CP190 coding sequence (thus deleting tlif CP60 (Fig. 2C). In contrast, although the localisation of
previously identified centrosomal and microtubule targeting domairt P60 to nuclei in interphase was not affected by the depletion
between amino acids 385-508). The resulting deleted cDNA was thegy CP190, the localisation of CP60 to mitotic centrosomes
subcloned into pWR-Pubg. Full cloning details are available Upotas strongly inhibited in the CP190-depleted cells (Fig. 2C).
et ansiormants ere QST usng standard Peemefiys, neither CP190 nor CP60 appear to be required (o

organise centrosomes or microtubules during cell division in

DrosophilaS2 tissue culture cells. However, the presence of
Image acquisition CP190 appears to be necessary for the recruitment of CP60
The imaging of all brain and testes preparations was performed ont@ mitotic centrosomes.

Transgenic lines that express CP190, CP190AM and CP60
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3 4 ‘ g 8
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Fig. 1. RNAI depletion of CP190 or CP60 does not lead to growth or mitotic defects in tissue culture cells. (A) A Western blotlséowing
depletion of CP190 and CP60 in mock (lane 1), CP60 (lane 2) or CP190 (lane 3) RNAI-treated cells 96 hours after tre&nagit. (B)
showing the total number of cells per ml during the 5-day time course of a typical RNAi-depletion experiment. (C) Graptttehowiotic
index (as judged by number of phospho-histone H3-positive cells) at the 96-hour time point of a typical RNAi-depletionnexplertaal
numbers of cells counted were 811, 969, and 1052 for the control, CP60, and CP190 RNAI experiments, respectively. Sgwilaraesul
obtained in two separate RNAi experiments (data not shown).
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Isolation of mutations in the Cp190 gene the insertion site (Preston et al, 1996). Nearly 100
To test whether CP190 has an essential function in flies, wecombinants were isolated from a screen of ové02flies,
performed a genetic screen to isolate mutations IICg90 and from these, 4 fly-lines were identified that carried
gene. Screening was performed in two stages: the first wandidate Cp190 deficiencies. Subsequent cloning and
generate a suitable deficiency to uncoveiGp&90gene locus sequencing of the deficiency breakpoints revealed one
at 88E, and the second to exploit this deficiency to identifgleficiency, Df(3R)P28¢R27, with a breakpoint in the second
candidateCp190mutations. exon of the Cpl90 gene. In addition to Cpl9Q
Starting with a P-element insertion P{hsneo}l(3)neb43 Df(3R)P28MR27 includes only three other gene loci, one
(Cooley et al., 1988), mapping approximately 4.5 kb upstrearancoding a homologue of the human chromodomain protein
of the Cpl90 gene (Fig. 3A), P-element-mediated maleMRG15 (CG6363), the other two being uncharacterised genes
recombination was used to generate deficiencies at or ne@G4338 and CG14865) (Fig. 3A).
A standard EMS mutagenesis
screen (Ashburner, 1989) was then

Control CP190 dsRNA performed to isolate mutations that
were either lethal or female
CP190 Merge CP190 Merge sterile over the Df(3R)P28&27

>

deficiency chromosome. From
approximately 810° mutated
chromosomes, four candidate
Cp190 mutants were isolated
as recessive lethals over
Df(3R)P280'R27, All four mutants
were fully rescued as hemizygotes
over Df(3R)P280R27 by a second
chromosome insertion of the full-
length Cp190 cDNA expressed
under control of the polyubiquitin
promoter (Fig. 3B). Two of the
four mutantsCp1903 andCp19¢

»
@

Control CP60 dsRNA were also fully rescued as
homozygotes, demonstrating
CP60 Merge CP60 Merge unequivocally that (at least for

these two alleles) the lethality
must be because of mutations at
the Cp190locus and tha€p190is
an essential gene.

Animals  homozygous  for
Cp19G¢ and Cpl9¢ (or

@

7
¥

Fig. 2. Microtubule organisation is

not disrupted during mitosis in CP190
or CP60 RNAi-depleted cells.

(A) The localisation of CP190 (black
and white panels, blue in merged
panels), microtubules (green in
merged image), and DNA (red in

CP60 dsRNA CP190 dsRNA merged image) in mock (left set of
CP190 Merge CP60 Merge panels) and CP190 (right set of

panels) RNAi-treated cells at various
stages of the cell cycle. Interphase,
top row; metaphase, second row;
anaphase, third row; telophase,
bottom row. (B) The localisation of
CP60, microtubules and DNA in
mock and CP60-depleted cells at
various stages of the cell cycle [all
labelling as in (A)]. (C) The
localisation of CP190 in CP60-
depleted cells (left panels) and CP60
in CP190-depleted cells (right panels)
[all labelling as in (A)]. Scale bar:
5pum.

O

P » o -
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Fig. 3. The generation of mutations in tB@190gene. (A) A schematic representation of @EL90locus. Genes are highlighted in blue, and
the position of the 1(3)neo43 P-element insertion is shown in green. The extent of the Df(3R¥PRSddicated by the black line. (B) A
western blot showing the levels of CP190 and CP60 in wild typeCph8d andCp19¢ homozygous mutant brains, anddp19¢
homozygous mutant brains that also express either a Pubg-CP190 or PAbgtdEABGgene (as indicated above each lane). Note that both
CP190 and CP60 appeared to migrate slightly abnormally in the pUbg-CP190 over-expressing lane; this was because dhe defleaich
it was not seen when this sample was re-run on a different gel.

hemizygous over Df(3R)P28627), and Cpl19G/Cpl19¢  4). Astral microtubules were readily detectable in mutant
heterozygotes show some larval mortality, but approximatelgpindles, even though CP190 was not detectable at
half the mutants survived until late pupal stages otentrosomes (Fig. 4). In addition, we observed many mutant
development, dying as pharate adults. Western blottingeuroblasts undergoing morphologically normal asymmetric
analysis revealed that the CP190 protein, although readiljivisions (not shown). In agreement with our results using
detectable in brains from wild-type 3rd instar larvae, was ndRNAi in Drosophila S2 cells, the localisation of CP60 at
seen in samples from eith€p19¢ or Cp19& homozygotes, centrosomes was severely disruptedCipl90 mutant larval
suggesting that both lesions may be null or are at least strobgain cells (Fig. 5A), whereas the localisation of several other
hypomorphs (Fig. 3B). centrosome-associated proteins was not dramatically altered
(Fig. 5C). Finally, the mitotic index was not significantly
altered in mutant brains (data not shown), indicating that
Cp190 mutants do not have obvious mitotic or meiotic microtubule organisation was relatively normal and that the
defects spindle assembly checkpoint was not being triggered in these
Analysis of the eyes, wings and cuticle of pharate adultsells.
homozygous for eitheEp190 or Cp19¢ revealed no obvious We also assayed whether meiosis occurred normally in
defects in tissue organisation, suggesting that these anim&@®190 mutant larval testes. In fixed mutant testes, the
were not dying as a consequence of major defects in mitosilistribution of microtubules appeared to be normal and the
(data not shown). This conclusion was confirmed by a detailddcalisation ofy-tubulin and centrosomal protein centrosomin
analysis of mitosis in brains from homozygous mutant 3rqCNN) was not perturbed during meiosis | or Il (not shown).
instar larvae. In mutant cells there were no dramatic differencds living mutant testes, an analysis of onion stage spermatids
in the organisation of the spindle at any stage of mitosis (Fidy phase contrast microscopy revealed no obvious defects in
chromosome segregation (not shown). Taken
together, these data strongly suggest that
although CP190 function is essential, it is not
required for centrosome or microtubule
function during mitosis in larval brains or
meiosis in larval testes.

The ability of CP190 to interact with
centrosomes and microtubules is not
essential for its function

The observation that spindle formation and
function is not disrupted iI€pl190mutants,

raises the intriguing question of why CP190
can bind directly to microtubules and is
recruited to centrosomes during mitosis if it
has no function in regulating microtubule or

Fig. 4. Mitosis is not disrupted i€p190mutant larval brain cells. The distribution of Cemros.ome behaviour. TO address whether
microtubules (black and white panels, red in merged images), CP190 (green), and DNRE ability of CP190 to bind to centrosomes
(blue) in typical wild type (WT) an@p19¢& mutant larval brain cells in metaphase (left @nd microtubules is essential for its function,
panels) and anaphase (right panels). Mitotic spindle organisation appears normal in the expressed a form of CP190 in flies that
mutant cells even though CP190 is no longer detectable at centrosomes. cannot bind to centrosomes or microtubules.

Metaphase Anaphase
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Fig. 5. The centrosomal localisation of CP60 is specifically disrupted C
in Cp190mutant cells. (A) The distribution of CP60 (black and white

panels, red in merged images), microtubules (green), and DNA (blu

in typical wild type (WT) (left panels) ar@p190mutant (right pUbg-
panels) brain cells in anaphase. CP60 is not detectable at the CP190
centrosomes dfpl90mutant cells. (B) The centrosomal localisation
of CNN (red in merged image) agdubulin (green in merged

image) is not disrupted i@p190mutant cells. DNA is shown in blue
in the merged image. Scale bar:if.

Mut +

Mut +
pUbg-

It has previously been shown that amino acid residues 385-5( CP190DM
of CP190 can bind directly to microtubules in vitro, and car

target a bacterially expressed fusion protein to centrosomc.

when injected into embryos (Oegema et al., 1995). WEeig. 6.CP19@M does not interact with centrosomes or
therefore made a P-element-transformation construct thaticrotubules. (A) Schematic representation of the CP190 protein.
deleted this region of CP190 (CP190 — Fig. 6A), and used The previously identified centrosomal and microtubule targeting

it to derive several transgenic fly-lines that express CAu9Q domain is shown in red, whereas the region deleted in G189
under the control of the polyubiquitin promoter (Lee et al./ndicated by the black bars above the protein (aa309-aa541). (B) A
1998: Gergely et al., 2000) western blot of a microtubule spin-down experiment probed with

anti-CP190 and anti-CP60 antibodies. In the absence of taxol in the
In extracts made from pqu-CP]&M embry(_)s, al'_[hough embryo extract, microtubules do not form. Under these conditions,
the endogenous CP190 strongly interacted with microtubulgghen the extract is centrifuged on a sucrose cushion, CP190,
in microtubule spin-down experiments, CPASD did not  cp19@M and CP60 all remain in the supernatant (S) and are not
(Fig. 6B). In mutant larval brains that expressed the pUbodetectable in the pelleted material (P). In the presence of taxol,
CP190 transgene (and so contain the full-length CP19icrotubules are polymerised in the extract. Under these conditions,
protein), anti-CP190 antibodies strongly stained mitotidooth CP190 and CP60 co-sediment with microtubules through the
centrosomes (Fig. 6C), whereas in mutant larvae expressing tdicrose cushion and are found in the pellet. CRWO®owever, _
pUbg-CP19@M transgene, anti-CP190 antibodies no |onge,does not co-sediment with the microtubules and is not detectable in

stained centrosomes during mitosis (Fig. 6C). Taken togetheP® pelletd ©) Th;e Ioc_:alisatti)oln Of(cplgq (black agq Whit‘i pageél\ﬁid
! 4 ; i merged image), microtubules (green in merged image) an
tmhﬁ:?‘gtugﬁtl‘;ls f)cr)rgtlerrlj':rotshoar;egpm cannot interact with (blue in merged image) @p190mutant brains that also contain a

. transgene expressing either full-length CP190 (pUbg-CP190 — top

To our surprise, the pUbg-CP190 and Pubq-CBMO hanels) or CP19EM (pUbg-CP198M — bottom panels). Only the
transgenes rescued the lethality associated V@pL90  full-length CP190 is concentrated at centrosomes. Scale bam 10
mutations with equal efficiency (Fig. 7). This demonstrates that

CP19@M is at least partially functional, and that the ability
of CP190 to interact with centrosomes and microtubules is nétubg-CP1908M lines were homozygous lethal at late-pupal
absolutely essential for the viability of the fly. However, thestages of development. Indeed, even in the four Pubg-CP190
homozygous Cp190 mutants rescued by the CPI®0 lines that were homozygous viable, there was a noticeable
transgene were unhealthy and lived for only a few daydncrease in the level of pupal mortality. When we examined the
implying that the ability of CP190 to bind to centrosomes mayevels of CP190 and CP18M protein in these flies we found
be of some functional significance (see Discussion). that CP190M was overexpressed to a greater extent than
CP190 (~10-fold compared with ~3-5-fold) in all of the

) ) transgenic lines (Fig. 8A). Because the mRNAs for both
Overexpression of both CP190 and CP190AM is lethal proteins were expressed from the same promoter and contained
During the course of our experiments, we noticed that three othe same 5 and 3 UTRs, it seems probable that the
of seven transgenic Pubg-CP190 lines and all seven of owonsistently higher levels of CP1®@ overexpression could
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Fig. 7.CP190 and CP12M can both rescue the lethality associated
with mutations in the Cp190 gene. A graph showing the number of

hatching homozygous adults from crosse€pi90mutant flies on e — s | K

their own (Mut), or of mutant flies carrying a single copy of the

pUbg-CP190 or pUbg-CP1AM transgene (as indicated under the —CP60

graph). The expected number of eclosing adults from each cross is o

normalised to 1. Thus, ~85% and ~80% of mutant flies expressing

the CP190 or CP190/ transgene, respectively, survive to Fig. 8. The overexpression of CP190 or CPABDis lethal, but this

adulthood. The graph shows the average figure from 3 independentjethity can be rescued by the co-overexpression of CP60. (A) A
experiments in which more than 100 surviving flies were counted fofyestern blot showing the ievels of CP190 or CRAMN wild-type
each genotype. adults (lane 1), in three independent homozygous transgenic Pubg-
CP190 lines (lanes 2-4), and in three independent heterozygous
Pubg-CP198M transgenic lines. All three Pubg-CP190 transgenic
be because of intrinsic differences in stability between the twtines are homozygous viable, but exhibit high levels of pupal
proteins. Whatever the underlying reason, the pupal mortaligorta”ty, whereas all three Pubq-CPAS0lines are homozygous
in these lines appears to be directly related to the level dgthal- (B) A western blot showing the levels of CP190, CRMGr
overexpression of CP190 or CP1®0 as we were unable to CP60 in wild-type adults (lane 1), or in adults that are homozygous

LT L . far independent Pubg-CP190 insertions and a Pubg-CP60 insertion
generate any combination of transgenic lines that contaln% nes 2'?3)’ or in adu?ts homozygous for independecr]n Pubg-

one copy of Pubg-CP186/ and one copy of Pubg-CP190, or cpjgm\ insertions and a Pubg CP60 insertion (lanes 4,5). Note
any combination of transgenic lines that contained more thafat hoth the Pubg-CP190 insertions and both the Pubg-GRILI0
two copies of Pubg-CP190. These findings strongly suggegisertions used in this experiment are normally homozygous lethal.
that the overexpression of CP190 or CRU¥Ois lethal, and  The homozygous adults appear to be viable because they also
that both proteins probably cause pupal lethality by the sammwerexpress CP60. The asterisk highlights a background band that is
mechanism. Analysis of larval brains and larval testegiecognised by the anti-CP60 antibodies and is shown here as a
however, revealed no obvious defects in mitosis or meiosis ifading control.
larvae overexpressing either CP190 or CRIM(@not shown).

In view of the apparent toxicity associated with
overexpression of CP190, we wondered if the relative levels afentrosome in a cell cycle-regulated manner, bind directly to
CP190 and CP60 in the fly might be important. We thereforenicrotubules in vitro, and CP60 is a phosphoprotein whose
tested whether overexpression of CP60 could rescue the pumaicrotubule-binding properties are regulated by cdc2/cyclin B
lethality caused by the overexpression of CP190. We found thkinase in vitro. We find, however, that in tissue culture cells
flies carrying multiple copies of a Pubg-CP60 transgene hadepleted of either CP190 or CP60, or in cells frGml90
no detectable mitotic defects in larval brains and were perfectijputant larvae that have no detectable CP190 or CP60 at
viable, even though they overexpressed CP60 by >20-fold (neentrosomes, there is no defect in centrosome or microtubule
shown, see Fig. 8B). Moreover, several lines carrying twdehaviour during mitosis. MoreoveZp190mutant flies have
copies of the Pubg-CP1AM transgene or two copies of a none of the disorganised eye, cuticle or bristle phenotypes that
lethal Pubg-CP190 transgene (that were normally homozygowase usually associated with mitotic mutants. We conclude that,
lethal) were viable as adults if they also carried a copy of thalthough CP190 is required to recruit CP60 to centrosomes,
Pubqg-CP60 transgene (Fig. 8B). Thus, the overexpression péither protein plays a crucial role in organising centrosomal
CP60 appears to rescue the lethality associated with thmeicrotubules during mitosis.
overexpression of both CP190 and CRY40 Although CP190 does not appear to be required for mitotic

spindle function, the protein is essential, &ull90 mutants

) ) invariably die as pharate adults. Surprisingly, this essential
Discussion function of CP190 does not depend on its localisation to
Several lines of evidence have led to the suggestion that CP18éntrosomes, or on its ability to bind to microtubules. The
and CP60 are involved in regulating the behaviour ofransgenic expression of a form of CP190 that can no longer
centrosomal microtubules. Both proteins associate with thteract with centrosomes or microtubules (CRI@Prescued
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the lethality of theCp190mutant almost as efficiently as the  This work was supported in part by project grants G051625 and
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