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Abstract

Centrosomes are vital eukaryotic organelles involved in regulating cell adhesion, polarity, mobility, and
microtubule (MT) spindle assembly during mitosis. Composed of two centrioles surrounded by the pericentriolar
material (PCM), centrosomes serve as the primary microtubule-organizing centers (MTOCs) in proliferating cells.
The PCM is crucial for MT nucleation and centriole biogenesis. Centrosome numbers are tightly regulated,
typically duplicating once per cell cycle, during the S phase. Deregulation of centrosome components can lead
to severe diseases. While traditionally viewed as stable structures, centrosomes can be inactivated or disappear
in differentiating cells, such as epithelial cells, muscle cells, neurons, and oocytes. Despite advances in
understanding centrosome biogenesis and function, the mechanisms maintaining mature centrosomes or
centrioles, as well as the pathways regulating their inactivation or elimination, remain less explored. Studying
centrosome maintenance is challenging as it requires the uncoupling of centrosome biogenesis from maintenance.
Tools for acute spatial-temporal manipulation are often unavailable, and manipulating multiple components in
vivo is complex and time-consuming. This study presents a protocol that decouples centrosome biogenesis from
maintenance, allowing the study of critical factors and pathways involved in the maintenance of the integrity

of these important cellular structures.

Key features

e Drosophila cultured cells are resistant to centriole reduplication during S phase arrest, making them a

suitable model for studying centrosome integrity without confounding effects from centriole biogenesis.
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Background

An essential aspect of cell homeostasis is the maintenance of various cellular components, including proteins
and lipids, and even the integrity of entire organelles. One such organelle is the centrosome, a conserved
eukaryotic structure that plays a crucial role in several cellular processes. These include the regulation of cell
adhesion, polarity, and mobility during interphase, as well as the assembly of the mitotic spindle, mainly
composed of microtubules (MTs) [1,2]. Centrosomes serve as the primary microtubule-organizing centers
(MTOCs) in proliferating eukaryotic cells. Each centrosome is composed of two centrioles—MT-based cylindrical
structures surrounded by a multiprotein matrix known as the pericentriolar material (PCM) (Figure 1A). The
PCM contains factors essential for MT nucleation and anchoring, also being critical for centriole biogenesis [3].
In cycling cells, the number of centrosomes is tightly controlled. Centrosomes are typically duplicated once per
cell cycle, with duplication coupled to DNA replication, during the S phase [4]. In some cell types, during
interphase, the centrosome migrates to the cell cortex, promoting the growth of an MT-based axoneme to form
cilia or flagella [4]. Deregulation of centrosomal components leads to a wide range of diseases, many of which
are incompatible with life.

Historically, centrosomes have been regarded as exceptionally stable structures [5,6]. However, in some
differentiating cell types, these structures can be inactivated (i.e., lose their MTOC activity) or even disappear,

as seen in epithelial cells, muscle cells, neurons, and oocytes [7-9]. Advances in various technological
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approaches have uncovered the major conserved components and pathways regulating centrosome duplication
and maturation into fully functional MTOCs. However, much less is known about the components involved in
the maintenance of mature centrosomes or centrioles, the pathways that regulate their inactivation or
elimination, and how deregulation of these pathways may contribute to disease [10]. Hyperactive MTOC
function at centrosomes has been linked to epithelial cancers and invasive tumor cell behavior [11-15].
Additionally, centrosome inactivation has been proposed as a strategy employed by cancer cells to silence
supernumerary centrosomes, which would otherwise lead to cell death [16]. Therefore, elucidating the
mechanisms that regulate centrosome and centriole stability is crucial not only for understanding the pathways
of centrosome inactivation and/or elimination in post-mitotic and differentiating cells but also for uncovering
how deregulation of these processes may contribute to cancer and other diseases.

Studying centrosome maintenance poses experimental challenges and limitations. Experimental setups must
ensure that any manipulation (loss- or gain-of-function, such as in vivo RNAI or ectopic expression) is performed
only after centrosomes have been fully assembled and that such manipulations do not affect centriole biogenesis.
This requires tools for acute spatial-temporal manipulation, which are often unavailable or difficult to
implement in many systems. Additionally, depending on the model system used, simultaneously manipulating
(depleting or over-expressing) two or more components in vivo can be very challenging and time-consuming.
Taking into account these limitations, we provide a protocol that uncouples centriole biogenesis from
maintenance in Drosophila melanogaster cultured cells (DMEL-2). By using this protocol, we have successfully
identified components required for the maintenance of centrosome integrity [17,18]. That knowledge allowed
us to generate tools to validate the function of such components in vivo [17,18]. In this assay, cells are arrested
in S phase using aphidicolin (APH) and hydroxyurea (HU), which stall DNA replication. Unlike some commonly
used human cultured cell lines, which allow for multiple rounds of centriole reduplication under S phase arrest
conditions [19-21], Drosophila cultured cell lines do not exhibit this behavior. This distinction allows for the
separation of centrosome duplication from centrosome maintenance. Moreover, Drosophila cultured cells are
easy to culture and manipulate, and the addition of long double-stranded RNAs (dsRNA) enables the depletion
of different proteins individually or simultaneously by RNAI. Therefore, following treatment with HU and APH,
the number of centrioles is not affected by pathways involved in centriole biogenesis. This allows for the

investigation of the effects of different experimental manipulations on centrosome stability.

Materials and reagents

Biological materials

1. Schneider’s Drosophila melanogaster cultured cell line 2 [D. Mel. (2), SL2] (DMEL-2, ATCC, catalog number:
CRL-1963); cells isolated in 1969 from embryos

Reagents

1. Express 5 SFM medium (Gibco, catalog number: 10486025)
2. L-Glutamine (Thermo Scientific, catalog number: 25030024)
3. Penicillin-streptomycin-glutamine (PSG) (100 X ) (Gibco, catalog number: 10378016)
4. Aphidicolin (APH) (Sigma-Aldrich, catalog number: A0781)
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5. Hydroxyurea (HU) (Sigma-Aldrich, catalog number: H8627)

6. Effectene Transfection Reagent kit (QIAGEN, catalog number: 301427)

7. Absolute methanol (Fisher Scientific, catalog number: 10675112)

8. 16% paraformaldehyde (formaldehyde) aqueous solution (Science Services GmbH, catalog number: E15710)
9. PIPES for buffer solutions (PanReac AppliChem, catalog number: A1079)

10. N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid (HEPES) (1 M) (Gibco, catalog number: 15630080)
11. Ethylene glycol-bis (2-aminoethylether)-N,N,N’,N’-tetraacetic acid (EGTA) (Sigma-Aldrich, catalog number:
E3889)

12. Magnesium sulfate heptahydrate (MgSO,) (Sigma-Aldrich, catalog number: M1880)

13. Phosphate buffered saline (PBS) (Biowest, catalog number: L0615-500)

14. Bovine serum albumin (BSA) (Sigma-Aldrich, catalog number: A3912)

15. Triton X-100 (Sigma-Aldrich, catalog number: T8787)

16. Vectashield with DAPI mounting medium (Vector Laboratories, catalog number: H-1000-10)

Solutions

1. Express 5 SFM medium supplemented with L-glutamine (see Recipes)

2. Express 5 SFM medium supplemented with penicillin-streptomycin and L-glutamine (see Recipes)
3. Paraformaldehyde fixative solution (see Recipes)

4. PBSTB (see Recipes)

Recipes

1. Express 5 SFM medium supplemented with L-glutamine

Reagent Final concentration Quantity or Volume
Express 5 SFM medium n/a 495 mL

200 mM L-glutamine 2 mM 5 mL

Total n/a 500 mL

Store at 4 °C.

2. Express 5 SFM medium supplemented with penicillin-streptomycin and L-glutamine

Reagent Final concentration Quantity or Volume
Express 5 SFM medium n/a 495 mL

100 x PSG 1x 5mL

Total n/a 500 mL

Store at 4 °C.

3. Paraformaldehyde fixative solution
Prepare fresh before using. Cells in each well will require 400 pL of this fixative solution. Therefore, depending
on the number of wells (conditions tested), different volumes of fixative solution might be required. Here, we

present a recipe for 10 mL of fixative solution.

Reagent Final concentration Quantity or Volume
0.2 M PIPES pH 6.8 60 mM 3 mL
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0.2 M HEPES pH 7.0 30 mM 1.5 mL
0.5 M EGTA pH 6.8 10 mM 200 pL
1 M MgSO, 4 mM 40 pL
16% paraformaldehyde 4% 2.5 mL
ddH,0 n/a 2.76 mL
Total n/a 10 mL
4. PBSTB
Reagent Final concentration Quantity or Volume
1 x PBS 1x 99 mL
10% Triton X-100 0.1% 1 mL
BSA 1% lg
Total n/a 100 mL

Prepare fresh and store at 4 °C.

Laboratory supplies

. Tissue culture dish 150 mm (Sarstedt, catalog number: 3023421)

. Cell culture flask, T-75 (Sarstedt, catalog number: 83.3911.002)

. Cell culture flask, T-25 (Sarstedt, catalog number: 83.3910.002)

. Tissue culture test plate, 6 wells (TPP, catalog number: 92006)

. Tissue culture test plate, 24 wells (Corning, catalog number: 3526)

. Round coverslips, 13 mm, No. 1.5 (VWR, catalog number: 631-0150)
. Microscope slides (VWR, catalog number: 631-1553)

. Hemocytometer (Neubauer)
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. Foil paper

Equipment

1. Cell culture flow hood

2. Cell culture incubator capable of maintaining a constant temperature of 25-27 °C

Note: The medium used to culture DMEL-2 cells does not require pH control; therefore, it is not necessary to use an
incubator with a CO, supply line.

3. Nikon Ti-E motorized microscope (computer-controlled microscope) equipped with a Zyla 4.2 Mpx sCMOS

Andor camera (or equivalent with high quantum efficiency and low noise) and 100 x 1.4 NA objective lens

Software and datasets

1. Fiji; Java-based program: https://imagej.net/software/fiji/ [22]
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Procedure

A. Experiment design and controls to investigate centriole stability

The centriole stability assay can be used not only to investigate the role of individual proteins in maintaining
centrosome integrity but also to explore how different protein functions interact to ensure the proper
maintenance of centrosomes and centrioles. In this context, DMEL-2 cultured cells can be treated with various
dsRNAs simultaneously. In our previous studies addressing the role of the pericentriolar material (PCM) in
centriole stability, we examined both the function of individual PCM components and their collective
contribution to the overall process of centriole stability. We successfully silenced up to four PCM genes
simultaneously (ASL, CNN, SPD2, and PLP: “ALL PCM”) [17,18]. Interestingly, while the single depletion of
these proteins did not significantly affect centriole stability, the simultaneous RNA-mediated silencing of all four
proteins resulted in a high percentage of cells lacking centrioles (Figure 1). This was achieved by transfecting
cells with 10-20 pg of each dsRNA, totaling 40-80 ug [17,18].
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Figure 1. Centriole stability assay showing that depletion of the centriolar wall protein ANA1 and the
pericentriolar material (PCM) leads to centrosome loss. (A) The centrosome is composed of two barrel-
shaped microtubule-based centrioles surrounded by a multiprotein cloud called the PCM. (B) Centriolar numbers
were assessed by considering the staining of the centriolar marker BLD10 (green bars) and the PCM marker D-
PLP (orange bars). Plots showing the percentage of cells with abnormally low centriole numbers (0-1 centrioles)

upon treatment with the different dsRNAs. We also included a condition in which BLD10 was depleted to
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validate the BLD10 antibody as a good centrosomal marker. Data are the mean *+ SEM of three independent
experiments (for each biological replicate in each experimental condition, n = 100 cells). Statistical significance
was determined by performing a bimodal regression test. The impact of the different RNAi treatments on the
number of cells with 0-1 centrioles was estimated based on the number of cells that present a reduced number
of centrioles with the different markers. Estimates indicate the log odds ratio that the indicated treatment
increases the number of cells with 0-1 centrioles. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns,
not significant. Adapted from Pimenta-Marques et al. [18] (C) Representative images of centrosomes stained for
the centriolar protein BLD10 (green) and the PCM protein D-PLP in control cells (mCherry RNAi) and cells with
dsRNA transfection for the centriolar protein ANA1, the PCM (“All PCM;” ASL, CNN, D-PLP, and SPD2), and the
centriolar protein BLD10. DNA (blue) enlargements of centrosomes present in each cell are shown. Scale bar,

S pm.

Each experimental setup must include both negative and positive controls. We recommend using dsRNA for
targeting mCherry as a negative control (see Table 1 for primers to generate dsRNA). For positive controls, two
options are available: dsRNA for the centriolar wall protein ANA1, or the combination of four different dsSRNAs
targeting the PCM (“ALL PCM;” see Table 1 for primers). In both cases, treating cells with these dsRNAs results

in a significant loss of centrioles (Figure 1) [17,18].

Table 1. Primers for the generation of negative and positive control dsRNAs

Primer name Primer sequence

mCherry FW 5’- TAATACGACTCACTATAGGGATGGTGAGCAAGGG - 3’

mCherry REV 5- TAATACGACTCACTATAGGGGTTGACGTTGTAGG - 3’

ANA1 FW 5’- TAATACGACTCACTATAGGGAGAATGGCTCTGCAGCTAACAGTAA - 3’

ANA1 REV 5’- TAATACGACTCACTATAGGGAGATTGACCAAAACATGCTCACGCC - 3/

ASL FW 5’- TAATACGACTCACTATAGGGAGATTATGGTGAATGCCTTCGAC- 3’

ASL REV 5- TAATACGACTCACTATAGGGGTTGACGTTGTAGG - 3’

CNN FW 5’- TAATACGACTCACTATAGGGAGAACCTCCAGGCGGCGGCAACT - 3/

CNN REV 5’- TAATACGACTCACTATAGGGAGATGGCTCGAGCGGCATCCTT - 3’

D-PLP FW 5’- TAATACGACTCACTATAGGGAGAGGAGCGCCTAAAGAACAGTG - 3/

D-PLP REV 5’- TAATACGACTCACTATAGGGAGACTGATCGAGCTGTTTGTGGA - 3’

SPD-2 FW 5’- TAATACGACTCACTATAGGGAGAGTCGCGTTCCAGCCAAGCAAAGA - 3’

SPD-2 REV 5’- TAATACGACTCACTATAGGGAGAAATCCCCCACCTCCGTTAAGACTCAG - 3’
Notes:

1. We have used an already established standard protocol [23] to generate the different dsSRNAs used in our experiments
[17,18]. dsRNA is produced from cDNA prepared from Drosophila cultured cells or exon sequences of the gene of
choice, preceded by the T7 promoter sequence (underlined in Table 1) [24]. Primers used were designed to produce
templates between 200 and 600 bp in length, which target all isoforms of the gene of interest to ensure effective
knockdown of all transcript variants. In general, the target sequence of the primer should be 18-24 nucleotides in length.
Programs such as Primer3 and SnapGene can be used to design primers that fit guidelines for PCR effectiveness, such
as GC content and predicted melting temperatures [24].

2. The efficiency of the RNAI can be tested by either performing a western blot to analyze total protein levels or by RT-
PCR to monitor the expression level of the targeted mRNAs, using standard protocols. We have used as internal RT-
PCR controls constitutively expressed genes, such as actin or eukaryotic initiation factor-4a (see Suppl. Figure 3 from

Pimenta-Marques et al. [11]).
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For each condition tested, we typically use a maximum of 40 pg of dsRNA. When using different combinations
of dsRNA, the total amount should not exceed 100 pg. Below, we provide examples of different centriole stability
assays in which hypothetical proteins A and B are depleted to test their roles in the maintenance of centrosome
integrity (Figure 2). Additionally, simultaneous depletions of proteins A and B can be performed to explore
potential cooperative or interdependent roles in this process. While this approach does not account for the full
complexity of cellular interaction networks, including feedback loops, branching pathways, or nonlinear
interactions, it offers an initial framework to evaluate whether these proteins contribute interdependently or in

coordination to centrosome integrity (Figure 3).

Positive control
10 pg ASL dsRNA
10 pg CNN dsRNA
10 pg D-PLP dsRNA
10 pg SPD-2 dsRNA

A Negative control Positive control

40 pg mCh dsRNA 40 pg ANA1 dsRNA

Silencing gene "A" Silencing gene "B"

B 40 pug "A" dsRNA 40 pug "B" dsRNA

Figure 2. Example of a 6-well plate layout for an assay where the function of individual proteins is tested
for their role in centrosome stability. In this setup, we recommend using 40 g when single genes are silenced
by the dsRNA. To ensure the same total amount of dsRNA in all conditions, for the positive control where the
PCM is silenced (“All PCM”), we recommend the use of 10 ug of dsRNA to silence each gene, which is sufficient

to induce defects in centrosome stability (Figure 1).

Positive control

10 pg ASL dsRNA
10 pg CNN dsRNA
10 pug D-PLP dsRNA
10 pg SPD-2 dsRNA

A Negative control Positive control

40 pg mCh dsRNA 20 pg ANA1 dsRNA
20 pg mCh dsRNA

Simultaneously
silencing
"A" and "B"
20 pug "A" dsRNA
20 pg "B" dsRNA

Silencing gene "A" Silencing gene "B"

B 20 pg "A" dsRNA 20 pg "B" dsRNA
20 pg mCh dsRNA 20 pg mCh dsRNA

Figure 3. Example of a 6-well plate layout for an assay in which the function of individual proteins and
their interaction are tested for a role in centrosome stability. This assay includes the individual and

simultaneous silencing of the hypothetical genes A and B. To compare phenotypes between single and
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simultaneous RNAI of genes A and B, the total amount of dsRNA silencing these genes (40 ug) must be equal in
all wells (B1, B2, and B3). Therefore, when depleting A and B individually, we add 20 pg of mCherry dsRNA to

have a total of 40 pug of dsRNA. The same rationale must be applicable to the negative and positive controls.

B. Preparation of cells

1. Drosophila DMEL-2 cells should be cultured according to standard tissue culture techniques [23]. They are
maintained at 25 °C in T-75 flasks with Express 5 SFM medium supplemented with penicillin-streptomycin and
L-glutamine.

2. Cells should be split every 3—4 days (~90% confluency) to avoid the formation of cell clumps and reduction
of nutrients in the medium, for a maximum of 30-40 passages.

3. To dilute and transfer cells to a new flask with fresh medium, gently dissociate the cells from the bottom of
the flask by resuspending with a pipette. Add 3 mL of resuspended cells to a flask containing 12 mL of fresh
medium (Express 5 SFM supplemented with 1 X PSG).

C. Centriole stability assay

1. Culture DMEL-2 cells with Express 5 SFM medium supplemented with 1 X PSG at 25 °C.

2. On the day before dsRNA transfection (Day 1), dilute the resuspended cells by mixing one part of the cell
suspension with one part of fresh medium. For example, if cells are cultured in a flask with a total volume of 7
mlL, resuspend the cells thoroughly and transfer 3.5 mL of the resuspended cells into a new flask containing 3.5
mL of fresh medium.

3. On Day 0, resuspend cells into a Falcon tube and count them using a hemocytometer to determine cell
concentration.

4. Collect the required volume of resuspended cells to seed 1 x 107 cells per well (of a 6-well plate). Centrifuge
cells and discard most of the supernatant, leaving 1 mL of conditioned medium (with growth factors). Resuspend
the cell pellet in Express 5 SFM medium (not supplemented) for a final concentration of 1 x 107 cells/mL. Add
1 mL to each well of a 6-well plate and incubate for 1 h at 25 °C for cells to adhere to the bottom of the well.
After 1 h, use an inverted microscope to confirm that most of the cells are associated with the plastic. Attached
cells look darker and tend to be stretched at the bottom of the plate.

5. For each condition tested (each well), prepare 1 mL of Express 5 SFM (not supplemented) medium (without
PSG) with 10 uM APH (2 uL of a 5 mM stock solution) and 1.5 mM HU (1.5 uL of a 1 M stock solution) and add
the dsRNA. Mix gently and let it stand at room temperature (RT) for 15 min.

6. Remove the medium from the cells and add the prepared 1 mL containing the dsRNA with APH and HU to
each well. Incubate the plates at 25 °C for 16 h.

7. For each well of the experiment, prepare 2 mL of Express 5 SFM medium supplemented with 1 X PSG along
with 4 uL of APH and 3 pL of HU. Add 2 mL of this medium to the 1 mL with dsRNA already in each well.
Incubate at 25 °C.

8. Harvest cells at Day 4 for immunofluorescence. If needed, RT-PCR and flow cytometry can be performed as

previously described [23].

Notes:

1. Instructions should be followed for each hemocytometer. For the hemocytometer we use, cell concentration is
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determined by pipetting 10 uL of the cell suspension into both chambers of the hemocytometer. Under the microscope
(10 x magnification), we focus on the grid and count the number of cells in both chambers (2 large squares, each
containing 16 smaller squares). Each chamber represents 0.1 mm? (equivalent to 10* mL). Therefore, cell concentration
is calculated by using the following formula: Cell concentration (cells/ymL) = (Total number of cells counted / #
squares counted) X 10* X dilution factor. If the cell concentration is too low, cells can be concentrated by centrifugation
and by resuspending cells in a smaller volume with fresh medium. For example, if 306 and 301 cells are counted in
each chamber, the final concentration of cells in the suspension is 3.0 X 10° cells/mL.

2. DMEL cells are semi-adherent, so all solution changes in the assay must be done carefully to prevent the cells from
detaching from the bottom of the well.

3. The aliquots of dsRNAs are very concentrated and therefore viscous. Therefore, in order to not waste any dsRNA,
tubes containing harvested dsRNA should be briefly spinned down.

4. In Drosophila cultured cells, usually 3—4 days of dsRNA treatment are sufficient to target the mRNA and significantly
downregulate the respective protein. However, in the case of very stable or abundant proteins, the treatment can be
extended up to 8 days. In this case, at Day 4 after dsRNA transfection, repeat the procedure from steps C4-7.

5. APH is an inhibitor of DNA polymerase in eukaryotic cells, and HU inhibits the synthesis of deoxyribonuclease.
Therefore, cells treated with these drugs will arrest in S phase. Because the centrosome duplication cycle is coupled with
the cell cycle [2,3], as a consequence, centrosome duplication will also be arrested in these cells [25].

6. The depletion of certain proteins under investigation may lead to a high percentage of cell death. Dead cells typically
detach from the bottom of the well and become suspended in the medium. Therefore, prior to harvesting cells in step C7,
they should be inspected under a microscope (10 X magnification) to ensure that there is not a significant number of
floating cells in the medium. If that is the case, the medium should be carefully removed, discarded, and replaced with
fresh medium before resuspending and harvesting the cells attached to the bottom of the well for further analysis. These
cells should be used not only for immunostaining analysis but also for validating the siRNA treatment (RT-PCR/western
blot). Since there is a reduction in the number of cells attached to the bottom of the well, they should be counted using
a hemocytometer to adjust the volume of cells required for further analysis. For the inmunostaining, a total amount of
~2 % 10 cells should be added to each coverslip in step E5.

7. As an initial approach, we recommend assessing the efficiency of the RNAi by RT-PCR and/or western blot [23].
However, it should be acknowledged that these methods provide information on mRNA and protein levels at the whole-
cell population level. If required, an alternative approach is to perform an immunostaining with an antibody recognizing
the protein targeted, allowing for the analysis of protein localization and the evaluation of variability of RNAi efficiency
within the cell population. However, this method may not always be feasible due to practical limitations, such as the
avdailability of high-quality antibodies or challenges associated with performing immunostaining for a large number of

proteins, especially in high-throughput screening settings.

D. Transfecting cells with different DNA constructs

Depending on the question to be approached, the expression of specific proteins might be useful in the context
of the centriole stability assay. In this case, the assay should be performed as described in section C until step 5,
and then proceed with the following steps:

1. For each well, prepare the transfection mix according to the standard Effectene Transfection Reagent protocol:
dilute 400 ng of each plasmid in 100 pL of EC buffer and add 3.2 pL of enhancer.

2. Vortex for 1 s, spin down, and incubate for 5 min at RT.

3. Add 10 pL of Effectene, mix by gently pipetting, and incubate for 10 min at RT.
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4. Add 1 mL of Express 5 SFM supplemented with L-Glutamine (no antibiotics), 10 pM APH (2 pL of a 5 mM
stock solution), and 1.5 mM HU (1.5 pL of a 1 M stock solution) to the transfection mix.

5. Add the prepared transfection solution to the cells (that already have 1 mL of the dsRNA mix) in a dropwise
manner. Incubate for 1 h at 25 °C.

6. Add 1 mL of Express 5 SFM medium supplemented with 1 x PSG, 10 uM APH, and 1.5 mM HU per well,
totalizing 3 mL in each.

7. Harvest cells at Day 4 for immunofluorescence, as well as RT-PCR and flow cytometry, if needed. RT-PCR

and flow cytometry can be performed as previously described [23].

Notes:

1. The expression of some DNA constructs requires the co-transfection of cells with an inducer plasmid (e.g., Gal-4
expression plasmid to induce expression of UAS promoter). In this case, the total amount of DNA with which cells are
transfected should not exceed 400 ng, and we typically use 200 ng of each plasmid.

2. In cases where an 8-day centriole stability assay is being performed, after plasmid transfection, instead of step D7,
proceed with steps C4—C8 on Day 4; 16 h later, proceed with steps D1-D6. Cells should then be harvested at Day 8.

E. Immunofluorescence

1. Place one round coverslip (13 mm) in each well of a 24-well plate.

2. Wash coverslips inside the wells with Express 5 SFM (not supplemented).

3. Gently remove the medium from the cells and replace it with 4 mL of fresh medium per well. This step ensures
the removal of dead cells that are detached and floating in the medium.

4. Resuspend the cells from each experimental condition, pipetting up and down in the newly added medium.
5. Plate between 250 and 300 uL of cells (~2 X 10° cells) into each well and incubate for 1 h at 25 °C to allow

cells to adhere to the coverslips.

6. Prepare the fixative solution. Depending on the staining to be performed, cells might be fixed with
paraformaldehyde or methanol.

a. Paraformaldehyde fixation:

i. After confirming cells have attached to the coverslip, carefully remove the medium from the coverslip and
add the paraformaldehyde fixative solution.

ii. Incubate for 10 min at RT.

iii. Remove the fixative solution and perform two washes of 5 min in PBS.

iv. Remove PBS, add freshly made PBSTB, and incubate for 30 min at RT.

b. Methanol fixation:

i. After confirming cells have attached to the coverslip, carefully remove the medium from the coverslip and
add cold methanol (stored at -20 °C).

ii. Incubate for 10 min at -20 °C.

iii. Remove the fixative solution and perform two washes of 5 min in PBS.

iv. Remove PBS, add freshly made PBSTB, and incubate for 30 min at RT.

7. Dilute primary antibodies in PBSTB and centrifuge the mix at maximum speed at 4 °C for 10 min.
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8. In order to reduce the amount of antibody solution used, coverslips can be removed from the 24-well plate
and transferred to a hydrophobic surface, such as Parafilm™, with the side containing cells facing up.

9. Add 40 pL of the antibody solution to each coverslip.

10. Depending on the antibody used, cells can be incubated with the antibody from 1 h at RT to overnight at
4°C.

11. To avoid evaporation of the antibody solution, coverslips can be maintained in a humid chamber during the
incubation period. We typically use big Petri dishes with two pieces of paper soaked in water.

12. Carefully transfer the coverslips back to each well of the 24-well plates (cells facing up) and perform three
washes of 5 min in PBSTB.

13. Dilute secondary antibodies in PBSTB and centrifuge the mix at maximum speed at 4 °C for 10 min.

14. Incubate coverslips with secondary antibody mix as in steps E8, E9, and E11 for 1 h at RT, protected from
light.

15. Transfer the coverslips back to each well of the 24-well plates (cells facing up) and perform three washes of
5 min in PBSTB.

16. Perform a final wash with PBS and mount coverslips with the appropriate mounting media. We generally
use Vectashield, which contains DAPI, to stain DNA.

Notes:

1. To investigate how the centrosome structure is affected under specific conditions, antibodies targeting different
substructures of the centrosome can be used. In interphase, Drosophila centrioles are surrounded by a thin PCM layer
composed of proteins such as ASL, D-PLP, and SPD-2 [26]. Antibodies against these components can be used to analyze
this region of the centrosome [17,18,27,28]. Furthermore, antibodies targeting the distal tip of the centriole (anti-
CP110) and the centriolar wall (anti-ANA1, anti-SAS4, and anti-BLD10) [18] are suitable for labeling these specific
substructures. Using these markers allows one to investigate how different parts of the centrosome are affected under
specific experimental conditions, offering valuable insights into the organelle’s structure (Table 2). Moreover,
centrosomes can by quantified either by using different markers independently or by accessing the colocalization of
multiple centrosomal markers. This approach allows for the distinction between the presence/absence of centrosomes
and the specific loss of a particular centrosomal marker under the experimental conditions tested.

2. PBSTB should be prepared fresh for each immunostaining. Since BSA easily contaminates, store the PBSTB solution
at 4 °C if the primary antibodies are incubated overnight.

3. It is possible to fix several coverslips for each condition and store them after fixation (before step E7) at 4 °C with
sodium azide 0.01%. When required, these coverslips can be used for other immunofluorescence assays.

4. To address centrosome stability, specific antibodies recognizing different centriolar and PCM components should be
used. The number of “foci” in each cell is a readout for the number of centrosomes per cell, with the analysis of at least

100 cells per condition (Figure 1).

Table 2. Antibodies that can be used to mark different parts of the centrosome

Antibody Targeted Centrosome Region Dilution
Chicken anti-D-PLP Pericentriolar material 1:500 [27]
Rabbit anti-BLD10 Centriole wall 1:2,000 [29]
Rabbit anti-CP110 Centriole distal tip 1:10,000 [30]
Rat anti-ANA1 Centriole wall 1:500 [31]
Rabbit anti-SAS4 Centriole wall 1:500 [18]
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F. Imaging

The centriole number in the cell population of each condition was analyzed using a Nikon Ti-E motorized
microscope equipped with a Zyla 4.2 Mpx sCMOS camera (Andor) and 100 X 1.4 NA objective lens. Z-stacks

spanning 10 ym were acquired at 0.2 ym intervals.

Data analysis

Acquired images are processed using the maximum intensity projection function in Fiji to generate a single Z-
projected plane. The number of distinct, focused dots recognized by each antibody targeting a centrosomal
protein is manually quantified per cell, representing the presence of individual centrosomal components.
Additionally, the number of colocalizing dots across all centrosomal antibodies used allows the assessment of
both the presence of specific centrosomal proteins and the overall centriole count.

Drosophila cultured cells arrested in S phase typically contain 2-4 centrioles [18]. In control cells (mCherry
RNAIi), 50%-70% of the total cell population contains 2—-4 centrioles, while 20%-40% have 0-1 centrioles, and
a small fraction exhibits more than 4 centrioles (Figure 4). While some variability may occur between replicates,
these proportions remain stable. Moreover, these percentages are comparable to interphase centriole numbers
in cycling cells [27,32].

To investigate the effects of different experimental conditions on centrosome stability, the percentage of cells
with 0-1 centrioles should be quantified using antibodies that recognize centrosomal proteins (see note 1 in
Section E and Figures 1 and 4). The number of cells with 2—4 centrioles and those with more than 4 centrioles
should also be counted to assess how the percentage of the different categories varies within the different
experimental conditions. A minimum of 100 cells per condition should be analyzed for each biological replicate,
with at least three biological replicates per condition. Centriole integrity loss is determined by comparing the

proportion of cells with 0-1 centrioles between experimental conditions and controls (Figure 4).
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Figure 4. Quantification of centriole numbers in S phase arrested cells and depletion of different proteins
of interest. (A) Schematic representation of both centrioles (green) surrounded by the pericentriolar material
(PCM) (orange). (B) Centriole numbers were quantified by independently counting the number of focused dots
labeled with the centriole marker (BLD10) and the PCM marker (D-PLP). Centrioles may also be quantified
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based on the colocalization of both markers. Depletion of either ANA1 or the PCM (“All PCM;” ASL, CNN, D-
PLP, and SPD2) leads to an increased percentage of cells with an abnormally low number of centrioles (0-1), as
identified by each respective marker in comparison with the control (mCherry RNAi). Notably, RNAi for PLK4,
a master regulator of centriole biogenesis, does not result in a substantial loss of centrioles. This contrasts sharply
with the depletion or inhibition of PLK4 in cycling cells, which prevents centriole duplication and leads to
centriole loss [27,33,34]. These results demonstrate the reliability of the centriole stability assay for
investigating mechanisms that regulate the integrity of centrosomes. Note that a condition in which BLD10 is
depleted was also included to validate the BLD10 antibody as a good centrosomal marker. Data are the mean
+ SEM of three independent experiments (for each biological replicate in each experimental condition, n =
100 cells). Statistical significance was determined by performing a bimodal regression test. The impact of the
different RNAi treatments on the number of cells with 0-1 centrioles was estimated based on the number of
cells that present a reduced number of centrioles with the different markers. Estimates indicate the log odds
ratio that the indicated treatment increases the number of cells with 0-1 centrioles. *p < 0.05; ***p < 0.001;

**%%p < 0.0001; ns, not significant. Adapted from Pimenta-Marques et al. [18].

Validation of protocol

This protocol has been used and validated in the following research articles:

« Pimenta-Marques et al. [17]. A mechanism for the elimination of the female gamete centrosome in Drosophila
melanogaster. Science (Figure 3 and Supplementary Figures 2 and 7).

» Pimenta-Marques et al. [18]. Anal/CEP295 is an essential player in the centrosome maintenance program
regulated by Polo kinase and the PCM. EMBO Reports (Figures 1, 3, and 6).

General notes and troubleshooting

General notes

When culturing Drosophila cells, it is crucial to maintain aseptic conditions. Always work within a tissue culture
hood when handling cells and preparing solutions. Clean the workspace and pipettes with 70% ethanol before
starting. Regularly inspect the cells under a microscope to ensure they appear healthy and free from

contamination.

When handling certain chemicals used in this assay, such as paraformaldehyde (PFA), methanol, aphidicolin,
and hydroxyurea, it is essential to take safety precautions. PFA is both toxic and carcinogenic, while methanol
is toxic. Therefore, these substances must be handled in a fume hood. To minimize the risk of exposure, all
solutions should be prepared with appropriate safety measures, including wearing a lab coat, gloves, safety

glasses, and other protective equipment.
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Troubleshooting

Problem 1: Increased cell death.

Possible cause: The depletion of some proteins by RNAi may result in increased cell death.

Solution: Prior to harvesting cells in step C7, the culture medium should be replaced with fresh medium to
remove floating dead cells. Cells should then be resuspended in fresh medium and counted to ensure that a
sufficient number of viable cells is collected for further analysis. If cell death is substantial, it may be necessary
to increase the number of wells used for RNAi depletion to obtain an adequate number of cells for further
analysis. Additionally, it is important to consider that the surviving cell population is likely to consist of cells in
which RNAi-mediated depletion was less efficient. Therefore, conclusions regarding centrosome stability should
be interpreted with caution. For example, in such cases, the absence of an observable phenotype does not
necessarily indicate that the targeted protein is not involved in centrosome stability. Instead, it may suggest that
its depletion leads to such a severe disruption that affected cells do not survive. This possibility should be
considered when drawing conclusions, and alternative approaches, such as milder depletion strategies, may be

required to assess the role of the protein in centrosome integrity.

Problem 2: Reduced efficiency in protein depletion by RNAi.

Possible cause: Reduced RNAi efficiency can be identified when western blot analysis reveals little or no
reduction in protein levels, despite effective mRNA knockdown confirmed by RT-PCR. This suggests that the
protein under study is highly stable, making siRNA-based approaches less effective for its depletion.

Solution: Alternative methods, such as proteasome-targeting strategies (DegradFP or auxin-mediated
degradation), can be explored to achieve more effective protein depletion. However, integrating these
approaches would require additional optimization and validation to ensure compatibility with the assay and

reliable assessment of centrosome stability under these conditions.
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