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Abstract

Centrosomes are microtubule-organizing centers that duplicate exactly once to organize the bipolar
mitotic spindle required for error-free mitosis. Prior work indicated that Drosophila centrocortin (cen) is
required for normal centrosome separation, although a role in centriole duplication was not closely
examined. Through time-lapse recordings of rapid syncytial divisions, we monitored centriole duplication
and the kinetics of centrosome separation in control versus cen null embryos. Our data suggest that
although cen is dispensable for centriole duplication, it contributes to centrosome separation.

Description

Centrosomes are the microtubule-organizing centers (MTOCS) of most eukaryotic cells that promote
error-free mitosis through organization of the bipolar mitotic spindle. Centrosome function as a MTOC is
instructed by the pericentriolar material (PCM), a matrix of proteins that encircles the central pair of
centrioles (Nigg and Raff 2009). RNAs also localize to centrosomes, and local mMRNAs may contribute to
centrosome functions, likely through a co-translational transport mechanism (Marshall and Rosenbaum
2000; Sepulveda et al. 2018; Chouaib et al. 2020; Kwon et al. 2021; Safieddine et al. 2021). For example,
recent work indicates centrocortin (cen) mMRNA localized to centrosomes is required for error-free mitosis
in rapidly dividing, syncytial Drosophila embryos (Bergalet et al. 2020; Ryder et al.2020). Historically,
several hypotheses have been suggested to account for why mRNAs reside at centrosomes, including
the postulation that mRNA may help instruct centrosome duplication (Alliegro et al. 2006). Normally,
centrioles duplicate only once per cell cycle, and this regulation is key to prevent multipolar spindles and
chromosomal instability (Wong and Stearns 2003; Tsou and Stearns 2006).

cen mutant embryos null for protein and mRNA show mitotic defects, including errant centrosome
separation and multipolar spindles, despite normal microtubule assembly (Kao and Megraw 2009).
However, centriole duplication was not examined in cen mutants. To address whether cen contributes to
centriole duplication, we examined the kinetics of centrosome duplication and separation in live control
versus cen null Drosophila embryos co-expressing GFP-Cnn to label the PCM and RFP-PACT to mark
the centrioles (Figure 1A). Through blinded image analysis, we calculated the time elapsed from when
centrosomes are duplicated, visible as two proximal RFP-PACT signals, until they were fully separated
(Figure 1B). Centrosomes from cen null embryos duplicated and initiated centriole separation (N=45
centrosomes from N=3 mutant embryos). However, about 9% of cen centrosomes (4/45 centrosome
pairs; open dots, Figure 1B) failed to fully separate, consistent with prior work (Kao and Megraw 2009). In
contrast, all observed centrioles duplicated and separated normally in control embryos (N=32
centrosomes from N=2 embryos). Although the rate of centrosome separation, as shown in Figure 1B,
was not significantly different in cen mutants relative to controls (time to separate, expressed as mean +
S.D., was 344.4 + 83.8 s for cen mutants versus 306.3 + 65.8 s for controls), a chi-square test did
indicate that the centrosomes in cen mutant embryos require more time (>400 s) to separate (Figure 1C;
* p<0.05). These data together with the failure of some centrosomes to complete centrosome separation
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suggests cen is dispensable for centriole duplication but contributes to normal centrosome separation.
Further work is required to unearth precisely how cen promotes centrosome separation.

Figure 1. cen promotes centrosome separation
(A) Stills from time-lapse recordings of NC 12 control and cen mutant embryos expressing RFP-PACT
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and GFP-Cnn. Time is shown in min:s. (B) Quantification shows the time (s) required to fully separate the
duplicated centrosomes from control versus cen mutant NC 12 embryos. Each dot represents a single
measurement from WT: N=32 centrosomes from 2 embryos and cen: N=45 centrosomes from 3 embryos.
Open dots represent centrosomes that never completed separation prior to the end of the recording. n.s.,
not significant by a two-tailed Mann-Whitney test, p=0.171. (C) Distribution analysis of the time to
complete centrosome separation, as detailed in (B). A chi-square test indicates that centrosomes from

cen mutant embryos take significantly longer time (>400 s) to separate relative to controls, X2 (1, N = 77)
= 4.7, *p=0.030. Bar, 5 pm.

Methods

P{Ubi-RFP-PACT} was a gift from Nasser Rusan (NIH) and was generated by introducing amino acids
2,479-3,555 from PLP-PF (Fragment 5), into the vector pURW (stock 1282, Drosophila Genomics
Resource Center) to generate an RFP fusion as described for the GFP fusions in (Galletta et al. 2014).
Transgenic animals were generated by BestGene, Inc. (Chino Hills, CA). Flies were raised on

Bloomington formula ‘Fly Food B’ (LabExpress; Ann Arbor, M), and crosses were maintained at 25°C in a
light and temperature-controlled incubator chamber. To examine maternal effects, mutant embryos are
progeny derived from mutant mothers.

For live imaging, dechorionated 1-2 hour embryos were adhered to a 22x30 mm #1.5 coverslip
using glue extracted from double-sided tape (3M), covered with Halocarbon oil 700 (H8898; Millipore-
Sigma), and inverted onto a 50-mm gas permeable dish (Sarstedt) with broken #1 coverslips used as
spacers. Images were captured on a Nikon Ti-E inverted microscope fitted with Yokagawa CSU-X1
spinning disk head using a motorized stage, Nikon LU-N4 solid state laser launch (15 mW 405, 488, 561,
and 647 nm), Hamamatsu Orca Flash 4.0 v2 digital CMOS camera, and a Nikon 100x, 1.49 NA Apo TIRF
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oil immersion objective. Images were acquired at 300 ms exposure times over 0.5 mm Z-intervals through
3.5 mm of tissue at 20 s time intervals for one or more complete embryonic nuclear cycles.

Genotype-blinded image analysis was completed in FIJI (NIH; (Schindelin et al. 2012)). Data
were plotted and statistical analysis was performed using Microsoft Excel and GraphPad Prism software.

Reagents
Drosophila strain Source Description
) ) : Cnn tagged at the N-terminus with EGFP under
PBac-GFP-Cnn Lerit et al. (2015) endogenous regulatory elements
. i This paper N-terminal fusion of RFP to a C-terminal fragment of
P{Ubi-RFP- PACT} PLP containing the PACT domain
cenf04787 Kao and Megraw (2009) | Protein and RNA null allele; Bloomington stock #18805
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