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Figure 1.1: Studies and models of the centrosome. A: Top: original microscope slides from 

Theodore Boveri showing microtubule spindles forming around a pair of darker staining regions 

in a one-cell first cleavage division of Echinus microtuberculatus eggs. Bottom, Boveri’s drawings 

on his observations. Adapted from (Scheer, 2014). B: Electron microscopy stain of centrosomes 

in Chinese Hamster Ovary cells, showing microtubules spreading out from an area of dense 

staining, consisting of PCM. The inset, at higher magnification, shows a centriole pair within the 

dense staining. Adapted from (Gould and Borisy, 1977). C: Schematic of the centrosome, with a 

centriole pair surrounded by PCM, from which microtubules are found to emerge. 
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Figure 1.2 Centrioles of different organisms, showing human centrioles, Drosophila centrioles, 

and C. elegans centrioles. An arrow points to the paddlewheel. Adapted from (Paintrand et al., 

1992), (Greenan et al., 2018), and (Sugioka et al., 2017). 
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Figure 1.3: The C. elegans centriole. Left: subtomogram average of room-temperature stained 

EM of the centriole in C. elegans gonads, showing the Inner Tube (IT), Central Tube (CT), SAS-

6/4/1 Containing Density (SCD), PaddleWheel (PW), and Inter Paddlewheel Density (IPD). Right, 

Stimulated Emission Depletion microscopy (STED) super-resolution light microscopy data of the 

localization of certain proteins within the centriole, with N ansd C termini highlighted where 

possible. Center, overlay of the left and right images, with proteins labelled. Adapted from 

(Woglar et al., 2022).  
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Figure 1.4: Schematic of centriole assembly. First SAS-7 is recruited to the mother centriole, 

followed by SPD-2 and then ZYG-9. This facilitates recruitment of SAS-5, SAS-6, and SAS4, after 

which tubulins for the growing procentriole can be acquired.   

 



22 
 



23 
 



24 
 



25 
 



26 
 



27 
 



28 
 

Figure 1.5: Differing models of PCM structure, adapted from (Woodruff, 2021). In the lattice 

model, upon maturation, scaffold proteins come together to form an interconnected, cohesive 

network. The scaffold within the PCM expands as new proteins diffuse and assemble onto the 

exposed surface of the existing lattice. Evidence for this is shown on the right, in the form of a 

centrosomal lattice as seen in S. solidissima, adapted from (Schnackenberg et al., 1998). In the 

liquid model the centrosome forms purely via liquid-liquid phase separation. Evidence on the 

right shows the comparison between the mathematical models of the purely liquid model, and 

observed growth kinetics of the PCM in embryogenesis, adapted from (Zwicker et al., 2014). A 

gel model, although scaffolds initially have the opportunity to rearrange, they are soon locked 

in a gel-like cross-linking interacrtions. Evidence on the right shows partial photobleaching of 

SPD-5 condensates, which initially can recover but over time as the condensates solidify, lose 

this ability, adapted from (Woodruff et al., 2017). 
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Figure 1.6: The C. elegans minimal microtubule system. A: the formation of microtubule asters 

using a combination of αβ-tubulin, SPD-5, TPXL-1, and ZYG-9. All images taken after 10 minutes 

of incubation. B: schematic of the C. elegans centrosome. Phase separation of SPD-5 forms a 

layer of mitotic PCM scaffold around the centrioles, which can selectively accumulate additional 

PCM proteins, while allowing “tourist” proteins, unrelated to centrosomal function, to pass 

through. Adapted from (Woodruff et al., 2017). 
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Figure 1.7: Sample preparation pipeline for cryo-ET, suitable for a variety of different biological 

targets. Not included is any further data processing and analysis that may be necessary on 

obtained tomograms, such as image segmentation and subtomogram averaging.  
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Figure 1.8: Illustration of a eukaryotic cell after cryo-FIB milling. The cell, shown on the holey 

foil of an EM grid, has had the area above and below a central slice of cell milled away using Ga+ 

ions, leaving behind a central slice of cell, or lamella, free to be imaged in the TEM. Adapted 

from (Villa et al., 2013). 
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Figure 1.9: Sample tilting and missing wedge formation. A: Schematic showing sample titling 

from -60o to +60o in the TEM, with the gap in real space data shown. Electron path is shown by 

an arrow labelled with an e-. B: missing wedge in the Fourier transform of a real data set. Each 

tilt image can be seen as a black line. The gap between black lines corresponds to the 

tomogram’s missing wedge.  
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Figure 1.10: Tilt series collection and tomogram reconstruction. A: during data collection, 

sample tilting creates a series of images at different angles. B: during tomogram reconstruction, 

the images are back-projected into a 3D volume. 
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Figure 1.11: Subtomogram averaging procedures. Repeating units are cropped from the whole 

tomogram, aligned to one another, and averaged into a subvolume with a greater SNR and 

resolution than the original tomogram. This process can be repeated iteratively. Inspired by 

(Wan and Briggs, 2016). 
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Table 3.1: all compounds and reagents used in this study 

 
Compound Source Notes/Use 

HEPES Sigma-Aldrich Condensate buffer 

KCl Sigma-Aldrich Condensate buffer 

DTT Thermo Fischer Scientific Condensate/aster buffer 

Tris-HCl Sigma-Aldrich Aster buffer 

CHAPS Sigma-Aldrich Aster buffer 

Glycerol Merck Aster buffer 

NaCl Sigma-Aldrich Aster buffer 

Adenosine Triphosphate Sigma-Aldrich PLK-1 substrate 

MgCl2 Sigma-Aldrich ATP stabilization/BRB80  

PEG-3350 Sigma-Aldrich M9 media/molecular crowding 
agent 

Paraformaldehyde  Sigma-Aldrich Fixative 

K-PIPES Sigma-Aldrich BRB80 

EGTA Sigma-Aldrich BRB80 

Guanosine triphosphate Thermo Fischer Scientific Tubulin polymerization 

Agar Thermo Fischer Scientific NGM plates 

Peptone Thermo Fischer Scientific NGM plates 

CaCl2 Sigma-Aldrich NGM plates 

Cholesterol Sigma-Aldrich M9 media 

KH2PO4 Sigma-Aldrich M9 media 

Na2HPO4 Merck M9 media 

MgSO4 Merck NGM plates/M9 media 

L15-Media Thermo Fischer Scientific Without phenol red 

Fetal Bovine Serum Gibco Modified L-15 Media 

Pen-Strep mix Gibco Modified L-15 Media 

Sucrose Thermo Fischer Scientific Modified L-15 Media 

5% bleach Thermo Fischer Scientific Bleaching solution 

NaOH Merck Bleaching solution 

Chitinase Sigma-Aldrich Digestion of eggshell 

Accutase  Stemcell Technologies Cell protease 

HCl Merck Acid washing coverslips 

Poly-l-lysine Sigma-Aldrich Cell substrate 
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Table 3.2: all media and buffers prepared in this study 

 
Buffer/Media Composition Notes 

Condensate Buffer 25 mM HEPES pH 7.4, 150 mM 
KCl, 0.5 mM DTT 

Keep on ice until ready. DTT 
must be added fresh 

Aster Buffer 50 mM Tris pH 7.4, 500 mM 
NaCL, 0.1% Chaps, 1 % 
Glycerol, 0.5 mM DTT 

As above. From (Woodruff et 
al., 2017) 

BRB80 Buffer 80 mM K-PIPES, 1 mM MgCl2, 1 
mM EGTA 

For tubulin polymerization. 
From (‘BRB80 (5x)’, 2016) 

NGM Media 3 g NaCl, 17 g agar, 2.5 g 
peptone, 1 ml 1 M CaCl, 975 
ml H2O. Autoclaved and 
supplemented with 1ml 5 
mg/ml cholesterol, 1 ml 1 M 
MgSO4, 25 ml 1 M KPO4 

After autoclaving, use sterile 
technique. Pour into petri 
dishes while still hot, then 
allow to cool. Once formed, 
should be refrigerated until 
use. From (Brenner, 1974) 

M9 Media 3 g KH2PO4, 6 g Na2HPO4, 5g 
NaCl, 1 mM MgSO4, 0.1% PEG 
3350, made up to 1 L with H2O 

Autoclave after preparation. 
From (Brenner, 1974) 

Modified L-15 Media L-15 media without phenol red 
(Thermo Fischer Scientific), 
10% FBS, 50 U/ml pen-strep 
mix (Thermo Fischer 
Scientific), sucrose up to 340 
mOsm 

Filter sterilize after 
preparation. Keep cold until 
use. From (Strange, 
Christensen and Morrison, 
2007) 

 
Table 3.3: proteins used in this study 

 
All proteins provided by Jeff Woodruff of UT Southwestern, expressed in and purified from SF+ insect 
cells, except for tubulin which is purified from pig brain. 

 
Protein Concentration as provided 

SPD-5 5 μM 

SPD-5::RFP 500 nM, for condensates 

SPD-5::GFP 5 μM, for asters 

Phosphomimetic SPD-5::GFP 500 nM 

PLK-1, constitutively active 500 nM 

Pig brain tubulin 95 μM 

TAMARA labelled tubulin 200 μM  

TPXL-1 10 μM 

ZYG-9 5 μM 
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Table 3.4: C. elegans strains used in this study 

 
Geotype Source Identifier 

unc-119(ed9) III; 
ltSi202[pVV103/ pOD1021; 
Pspd-2::GFP::SPD-5 
RNAiresistant;cb-unc-119(+)]II; 
ltIs37 [(pAA64) pie-
1p::mCherry::his-58 + unc-
119(+)] IV. 

(Mittasch et al., 2020) JWW69 

spd-2(or293) I; unc-119(ed9) III; 
ltSi202[pVV103/ pOD1021; 
Pspd-2::GFP::SPD-5 
RNAiresistant;cb-unc-119(+)]II; 
ltIs37 [(pAA64) pie-
1p::mCherry::his-58 + unc-
119(+)] + him-8(e1489) IV 

Cross between EU780 (O’Rourke 
et al., 2011) and JWW69. From 
the Woodruff lab.  

JWW159 

 
Table 3.5: Laboratory consumables used in this study 

 
Article Source 

7x20 mm ultracentrifuge tubes Beckman Coulter 

Protein A 10 nm gold fiducials Aurion 

35 mm low-type μ dishes, polymer coverslip Ibidi 

Carbon foil holey R 2/1 200 copper mesh EM grids Quantifoil Micro Tools 

Grid boxes Subangstrom 

100 mm petri dishes  

40 μm cell strainer Falcon 

1.5 ml safe lock tubes Eppendorf 

20 μm cell strainer Pluristrain 

10 μm cell strainer Pluristrain 

SiO2 foil holey R 1/4 Au Grid 200 mesh EM grids Quantifoil Micro Tools 

Autogrids and clip rings Thermo Fischer Scientific 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



60 
 

 
Table 3.6: Laboratory equipment used in this study 

 
Article  Source Description/Use 

TLA-100 rotor Beckman Coulter Centrifuging protein mixes 

Optima MAX-TL ultracentrifuge Beckman Coulter Centrifuging protein mixes 

Zeiss Axio Observer Zeiss Microscopy Examining condensates, asters, 
and cells prior to freezing 

Plan-apochromat 64x oil 
immersion objective 

Zeiss Microscopy N.A 1.4. Examining condensates 
and asters prior to freezing  

PELCO easiGlow Ted Pella Glow discharger, for rendering 
EM grids hydrophilic 

VitRobot mark 4 Thermo Fischer Scientific Plunge freezer. Vitrifying protein 
condensates and asters 

Centrifuge 5424 R Eppendorf Benchtop centrifuge 

Thermomixer compact Eppendorf Benchtop thermomixer 

LD Plan-Neofluar 20x air 
immersion objective 

Zeiss Microscopy N.A 0.4. Examining cells prior to 
freezing 

Zeiss 780 NLO microscope Zeiss Microscopy Live cell imaging 

Plan-apochromat 63x oil 
immersion DIC objective lens 

Zeiss Microscopy N.A 1.2. Live cell imaging 

Leica EM GP2 Leica Microsystems Plunge freezer. Vitrifying cell 
cultures 

Leica TCS SP8, with prototype 
cryo-stage 

Leica Microsystems Prototype cryo CLEM 

HC PL APO 50x cryo air 
immersion objective 

Leica Microsystems N.A 0.95. For cryo CLEM 

Aquilos 1 dual beam 
microscope 

Thermo Fischer Scientific Focused ion beam 

Titan Krios Thermo Fischer Scientific Cryo-TEM 

Quantum post column energy 
filter 

Gatan Cryo-TEM energy filter 

Volta phase plate Thermo Fischer Scientific Cryo-TEM phase plate 

K2 summit direct electron 
detector 

Gatan Cryo-TEM camera 
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Table 3.7: All software used in this study 

 

Software Description 

Zeiss ZEN pro 2.3 Zeiss microscope control  

Leica Application Suite X 3.5.5 Leica microscope control  

Maps 2.5 Navigation within the Aquilos 

Fiji 2.9.0 Image analysis 

SerialFIB 1.0 Automatic FIB milling 

SerialEM 3.8 Cryo-ET image acquisition and TEM control 

Warp 1.0.9 CTF correction, tomogram and subtomogram 
reconstruction 

IMOD 4.1.1 Tilt series alignment 

cryoCARE 0.2.1 Tomogram denoising 

MATLAB 2016/2019a Programing environment 

TOM toolbox MATLAB based toolkit for subtomogram averaging 

Amira 2021.1 Imaging processing and segmentation 

DeePiCt Automated segmentation 

Chimera 3D depiction and visualization 

ChimeraX 3D depiction and visualization 

Dynamo 1.1.514 MATLAB based toolkit for subtomogram averaging 

RELION 4.0.1 Cryo-Electron Microscopy (cryo-EM) averaging 

Ilastik 1.3.3 Learning and segmentation toolkit 

Python 3.11 Programing environment 

Skan 0.11 Skeleton analysis 

Graphpad Prism 9.5.1 Graphing software 
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Figure 4.1.1: Light microscopy screening of SPD-5 condensates. A: SPD-5 condensates settled on 

a glass coverslip. B: SPD-5 condensates settled on the bottom of an EM grid. 
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Figure 4.1.2: Tomograms of SPD-5 condensates. For each tomogram an XY view is shown on top, 

with a cross-section view on the bottom, with the condensate thickness highlighted by a dashed 

white and black line. A: Young condensates, with two in the field of view. The first (labelled with 

1) is very thin and flat, wetted onto the surface of the ice. The second (labelled with a 2) is 

smaller and stiffer. B: Aged condensates, showing two that have merged but not yet relaxed into 

a spherical shape. C and D: Phosphomimetic and PLK-1 phosphorylated SPD-5, with protein 

‘network’ identified.  
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Figure 4.1.3: Tomograms of SPD-5 condensates, after the removal of aggregate protein. XY 

planes are shown on top, with XZ planes shown underneath with condensate thickness 

highlighted by a dashed white and black line.  
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Figure 4.1.4: Light microscopy of SPD-5 microtubule asters. A: Asters settled on a glass coverslip. 

B: Asters settled on the bottom of an EM grid. 

 



86 
 







87 
 

.

Figure 4.1.5: Tomograms of SPD-5 microtubule asters. A: Microtubule aster immediately plunge 

frozen after the addition of tubulin. B: Microtubule aster plunge frozen two minutes after the 

addition of tubulin. C: Microtubule aster plunge frozen five minutes after the addition of tubulin. 

Bubble structures can be seen throughout the periphery of the aster, and have been highlighted 

with arrows. The inset is a magnification of the region delineated by a white box and shows one of 

these ‘bubbles’ in more detail. D: Microtubule aster plunge frozen ten minutes after the addition of 

tubulin. Three images of the same aster are shown, with ‘top’ (left), middle (center), and ‘bottom’ 

(right) views. Microtubules can bet seen forming on the periphery of the aster, and some are 

highlighted with white arrows. The central slice shows a peripheral granular zone and a central 

smooth zone. The inset shows a single microtubule with the 13 protofilaments highlighted with red 

arrows. 
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Figure 4.2.1: Obtaining embryos for cryo-ET studies. A: Schematic of the plunge freezing 

protocol used in this case. B: Transmission light microscopy images of two adult gravid C. elegans 

worms before and after treatment with bleach, leaving behind the embryos. 
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Figure 4.2.2: Attempted FIB milling of a whole C. elegans embryo. A: FIB view of the embryo, as 

seen after lamella milling. B: TEM view of the same lamella. A region of particularly bad ice 

damage, near the front of the lamella, has been highlighted in white.  
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Figure 4.2.3: Obtaining viable embryonic cells for cryo-ET studies. Schematic of the plunge 

freezing protocol of dissociated embryonic cells. B: Fluorescence imaging of dissociated cells 

dividing. Time points indicate time since cell attachment to the cover slip. The dividing cell in 

this field of view is highlighted by a white arrow.  
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Figure 4.2.4: Dissociated embryonic cells in the FIB. Left image shows cells in the SEM view, 

center image in the FIB view. The rightmost image shows a lamella in the SEM view after milling.  

 

Figure 4.2.5: Identification of interphase centrosomes within a lamella. Left view shows an 

overview of the entire lamella in the TEM. The lamella shown is the same as in Figure 4.2.4. The 

region highlighted in the white square is shown in the center panel. The center panel has a small 

ribosome excluded region, itself being an interphase centrosome, adjacent to the nucleus, 

highlighted by another white square.  The right panel shows a tomographic slice of this 

centrosome.  
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Figure 4.2.6: Identification of mitotic centrosomes. A: overlay of FIB SEM image and cryo-

confocal fluorescence images, both before and after milling, showing one cell in metaphase. B: 

overlay of fluorescence and TEM images from a different lamella, showing the location of the 

mitotic centrosome within the lamella outlined by a white box. C: Tomographic slice of the 

centrosome obtained from this data.  
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Table 4.2.1, centrosomes collected in this study. 
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Figure 4.3.1: overview of the interphase centrosome. A: tomographic slices of all interphase 

centrosomes collected in this study. Certain features such as the centriole, plasma membranes, 

ribosomes (Ribo), microtubules (MT), nuclear envelope (NE), the nuclear pore complex (NPC), 

are identified. B: magnified section of regions immediately adjacent to the centrioles shown in 

A. C: Segmented images of interphase centrosomes, with centrioles in yellow, microtubules in 

grey, ribosomes in green, and membranes in purple.  
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Figure 4.3.2:  Volume of microtubules, ribosomes, and membranes at distances from the 

centrosome centroid for each of these features. The excluded zone, defined as the last distance 

at which no volume of this feature is detected, is recorded below. 
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Table 4.3.1, parameters of all interphase centrosomes analyzed in this study. 

Figure 4.3.3: Centriole-NPC 

distances. The distance between 

the center of the centriole and the 

manually-picked center of the NPC 

is labelled on each image, and 

highlighted with a dashed white 

and black line.  

 



101 
 

Figure 4.3.4: Interphase centrosome sphericity. Segmentations from two interphase 

centrosomes are shown. Orange spheres were grown from the centroid to best encompass the 

ribosome excluded region. As the centrosome is not spherical, some ribosomes can still be seen 

within this orange sphere. 

 

Table 4.3.2, centrosome-NPC distances. 
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Figure 4.4.1: Overview of the mitotic 

centrosome. Tomographic slices of all 

interphase centrosomes collected in this 

study. Certain features such as centrioles, 

the plasma membrane, ribosomes (Ribo), 

microtubules (MT), nuclear envelope (NE), 

and heterochromatin are identified. 

Specific mitotic states are indicated above 

each tomogram.  
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Figure 4.4.2: Segmentations of mitotic centrosomes. One segmented tomogram for each of the 

four major stages of mitosis are shown. Mother centrioles are in yellow, daughters in blue, 

microtubules in grey, ribosomes in green, and membranes in purple.  
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Figure 4.4.3: Volume of microtubules, ribosomes, and membranes at distances from the 

centrosome centroid for each of these features. The excluded zone, defined as the last distance 

at which no volume of this feature is detected, is recorded below. 

  



107 
 

Table 4.4.1, parameters of all mitotic centrosomes analyzed in this study. 

Figure 4.4.4: Evidence relevant to the centriculum model. Ribosomes (green) and membranes 

(purple) are shown to be equally excluded from the centrosome. Centrioles are included as a 

reference point. 
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Figure 4.5.1: Segmentations of the tomogram allow identification of the mother and daughter 

centrioles. The daughter centriole’s positioning at a 90o angle off the side of the mother 

centriole in both the XY and YZ planes. Daughter centrioles are shown in blue, mothers in yellow.  

 



110 
 

Figure 4.5.2: Cross-sectional views of the mother and the daughter centrioles, both 

unsymmetrized and symmetrized. Arrows point to key features including: the a tubule (1), 

cartwheel (2), b tubule (3), central tube spikes (4), outer star joint (5), and outer star tip (6).  
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Figure 4.5.3: Schematic of centriole subtomogram averaging: particles are sampled 8 nm along 

each centriole a microtubule, and then pooled together for alignment. After, averages are 

separated into per-centriole models and averaged along the long axis of the centriole to boost 

SNR.  
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Figure 4.5.4: Fourier Shell Correlation (FSC) curves for both the masked and unmasked centriole 

subtomogram averages. FSC cutoff taken at 0.5 giving a resolution of 45 Å. 

 

Figure 4.5.5: Gallery of 2D projections of per-centriole subtomogram averages. Numbers relate 

to the same features as figure 4.5.2. Cell stage is written above. Below are pooled 2D averages, 

with protofilament numbers labelled next to them.  
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Figure 4.5.6: Lengths of centriole structural features. Distances indicated are from the averages 

shown in Table 4.5.1. Dashed lines in the Tube spike indicate the approximate 15 nm spacing 

between densities.  
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Table 4.5.1, centriole feature lengths 



115 
 

Figure 4.5.7: Features as seen in a SPD-2 knock-down mutant, both symmetrized and 

unsymmetrized.  
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Figure 4.6.1: Schematic of microtubule averaging workflow: microtubule sampling takes place 

at 8 nm spacing along each microtubule, before being pooled into a single average for 

alignment. Once aligned, these are separated back into per-microtubule averages, which are 

then projected along z to increase signal/noise ratio.  
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Figure 4.6.2: FSC curves for both the masked and unmasked microtubule 

subtomogram averages. FSC cutoff taken at 0.5 giving a resolution of 24 Å. 

 

Figure 4.6.3: Application of per-microtubule averages to determine protofilament number. Each 

microtubule average is rotated and cross correlated with templates corresponding to 11, 12, 13, 

14, and 15 protofilament microtubule templates, and the result with the highest cross 

correlation score is recorded as the protofilament number.  
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Table 4.6.1, microtubule protofilament numbers 
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Figure 4.6.4: Application of per-microtubule averages to determine microtubule polarity. Each 

microtubule average is rotated and cross correlated with images corresponding to a 2D 

projection of the longest single microtubule in the data, and the same projection flipped. These 

act as templates for positive and negative microtubule polarity. The result with the highest cross 

correlation score is recorded as the microtubule polarity.  

 
Table 4.6.2, microtubule polarities 
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Figure 4.6.5: Microtubule polarities shown in the data. Microtubule segmentations, shown 

previously, are colored according to their polarity with positive in red and negative in blue. All 4 

major mitotic states are shown.  
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Figure 4.7.1: Identification of short or incomplete microtubule segments within the tomogram. 

Top: microtubules with a small discontinuity in them (indicated by white arrows). Bottom: short 

(under 50 nm) microtubule sections ending with a capping structure.  
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Figure 4.7.2 FSC curves for both the masked and unmasked Gamma-TuRC subtomogram 

averages. FSC cutoff taken at 0.143 giving a resolution of 38 Å. 
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Figure 4.7.3: Average of gamma-TuRCs, with a small capping region at the bottom and a wider 

microtubule bound section at the top. Two images on the left show the top and bottom images 

of the average. Highlighted area on the center image indicates the regions shown on the left. 

The microtubule skew in the projection of the microtubule bound region of the gamma-TuRC, 

indicating positive polarity. A projection of the lower capped region of the average, shows a 

clear ring structure. 
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Figure 4.7.4: overlay of a human atomic model for gamma-TuRC (blue) with the 

average from this study (grey). 
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Figure 4.7.5: Result of the gamma-TuRC average placed back into the data, from all four 

tomograms for which particles were picked.  
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Figure 4.8.1: Identification a centrosomal matrix. Tomographic slice showing unknown 

filaments. Insets show magnification of indicated bound regions.  
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Figure 4.8.2: The effect of denoising on tomograms. An unprocessed weighted back projection 

is shown on the top left, with the same tomogram after processing in cryo-CARE on the bottom 

right.  
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Figure 4.8.3: Centrosomal matrix tracing. A tomographic slice is shown on the left, with an 

overlay of the segmentation on the same tomographic slice on the right, highlighting the traced 

filaments within the data.  
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Figure 4.8.4: Result of segmentation of all unknown filaments within the tomogram, showing 

an interconnected mesh. 
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Figure 4.9.1: Matrix pore analysis. A 2D slice of matrix is shown on the left, with pores 

throughout. A gap corresponding to a masked centriole and a region of masked microtubules 

are shown. On the right are cropped regions showing the matrix without pores, with pores, and 

a centriole gap.  
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Figure 4.9.2: Histogram of pore sizes found within the matrix. Above is an overall histogram, 

with a Gaussian fit applied shown as a solid line. The peak of said fit (8.6 nm) is labelled. The 

areas between dashed lines, as indicated by a double-headed arrow, correspond to the two 

peaks shown beneath. The Gaussian fits for these also correspond the data shown in each graph. 

The top-right schematic shows how pore radii were determined.  
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Figure 4.9.3: Pore size at distance from the centroid. Bona-fide pores corresponding to those 

found in the centrosomal matrix and ‘pores’ that arise from microtubule masking are both 

highlighted. 
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Figure 4.9.4: How matrix pores relate to PCM molecules. The pores identified are large enough 

to accommodate SPD-2, ZYG-9, PLK-1, αβ tubulin, and the tourist GFP, and PCM clients may then 

be selectively concentrated. 



137 
 

√3

Figure 4.9.5: Example of matrix skeletonization. 

 

Figure 4.9.6: Number of branches per branch-point, showing both the number of connections, 

and the number of branch points that have three or more than three branches. A schematic 

identifying branches and branchpoints is also shown.  

 



138 
 

Figure 4.9.7: Identification of extremely short skeleton regions. The overall skeleton is in grey, 

whereas segments shorter than 2 voxels, found only at the ends of longer segments, are shown 

in red. 
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Figure 4.9.8: Histogram of segment lengths, with the sum of two Lorentz fits applied, shown as 

a solid line. The first peak of the fit is indicated. The schematic shows how segment lengths are 

defined. 
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Figure 4.9.9: Alphafold2 multimer prediction of a SPD-5 homodimer, with the interacting coiled 

coils highlighted by a dashed box and magnified from two perspectives. The length (89.8 Å) and 

width (19.6 Å) of said coiled coil is shown in Ångstroms. 
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Figure 4.9.10: Comparison of PCM architecture properties between metaphase and anaphase. 

A: Comparison of segment lengths between the two, with a sum of two Lorentz fits applied to 

both. The respective peaks are indicated with arrows. B: Comparison between pore sizes 

between the two, with Gaussian fits applied to both and peaks again labelled.   
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Figure 5.1: adjusted sample preparation pipeline, to exclude the cryo-lift out. 
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Figure 5.2: The gel model and how it relates to the data shown in this thesis. A schematic of the 

gel model is shown on the left, with an example of our observed matrix on the left. Both show 

a large number of highly interconnected filaments. 
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